National

SCIieNCE

Challenges

SUSTAINABLE

— - —

Fisheries system mdlcatorste =

support Ecosyﬂé‘ﬁt‘B&

CAaKSNRSa al yE

Moana, Te Moananun-Tol
Parsons D, Middleton | & Karaka D

June 2024 .
B



Report for Sustainable Seas National Science Challgmmggect EBFM in the Hauraki
Gulf(Project codes9

Authors
Parson®, Middleton 1& KarakaD

Date of publication
June2024

For more information on this project, visit:

sustainableseaschallenge.co.nz/aesearch/ebfmin-the-haurakigulf

5 National
SUSTAINABLE 2 K a - m
SEAS e SCIENCE

: Challenges

\ N I W A F‘ Department of
’ c Conservation
Taihoro Nukurangi \ Te Papa Atawbai

o893 Fichories New Zealand

WE-E « Tini a Tangaroa

About the Sustainable Seas National Science Challenge

Our vision is for Aotearoa New Zealand to have healthy marine ecosystems that provide value for all
New Zealanders. We havBresearch projects that bring together around 250 scientists, social
scientists, economists, and experts inimt dzNJ Yy 3 a nfeoAcross Yidtearbd2Newk O &
Zealand. We are one of 11 National Science Challenges, funttedMlipistry of Business,

Innovation & Employment.

www.sustainableseaschallenge.co.nz

Cover imageSurfcastingt dusk. Tracey Parsons.


http://www.sustainableseaschallenge.co.nz/

Acknowledgements

We would like to extend our utmost gratitude the codevelopmentpartnersand other
expertswho provided their time knowledge gxpertise and input ovanultiple yeargo make
this projectpossible This includes, but is not limited:t@lex Rogers, Bruce Hartlarolyn
Lundquist, Denham Cook, Drew Lohrer, James Williams, Joe Ioéwvid)Vilmer, Jordi Tablada,
Judi Hewitt, Laurie Beamish, Manuel Greenland, Mathilde de Fdvig@sPinkerton, Matt
Rayner, Matt von Sturmer, Megan Carbingiichael Townsend, Nathan Reid, Nick Shears,
Nicola MacDonald, Paula Holland, Peter Londglilewyn Peart, Rochelle Constantine, Sam
Woolford, Sue Neureuter, Sydney Curtis, Tame Te Rangi, and Valmaine Toki

A special thanks to Fisheries New Zealasidoleaders on this projedor your unwavering
support, guidance and input, specifically Kathryn Lister, Adam Sidéstandra Schwaab
Jacob HoreApanui Skippeand lan Tuck.

We would also like to thangcott Champion and Kelvin Whatim Primary Purpose for their

expert guidance with workshop facilitatiomhanks to Kirsten Revell fproduction of graphics

as well ag isa Braggemma Macfarlane, Drew LohrarSt | YRSNB 22 RZ wA OKF NR h (
Chloe Haurakand Jonathan Moore@ll NIWA)for your help withediting, reviewing and

formatting thisreport.

A big thanks tdhe Sustainable Sedaeam for funding this project and the support provided by
Julie Hall, Linda Flamer, Caitlyn Shannon, Sophie Sparrdayne Webland Magnolid_owe



Contents

EXECULIVE SUMIMIAIY . ..ottt ettt ettt e e e eeeeeeeseeeeanneennnee 5
[T oo 18 Tox 1[0 o USSP PPPPPRRRRR 6
Te Moananua-Toi-¢ o 1 I LI - Tae2Hayfdki Gulf Marine Patk...............cccccvvvvviinninnne. 6
Ecosystem Based Management (EBM) and iNdiCAtOLS...........uuvviiiiiiimiiiiiiieeiieeieeeeeeeeeeeead 8
YL V0T PP 10
(0o (V=1 (o] o] 1 41T 0 | EU PP PRPPP PP 10
Mana moana iNdiCAtOIMAMEWOIK.............uuuiiiiiiiiiiiieiir e e e e e e e e e e e ee e e e e e e e s e e e e e aaeaaaans 10
Caodevelopment group 1ed iINdICALOLS .. ...cvviveiiiiiiieiieec e 11
Framework CEHEVEIOPMENT...........uuiiiiiiiiiieieceeeeee e 11
Codevelopment of candidate iINdICAOLS.........ccoviiuriiiiee e 11
Candidate indicator refinement and evaluation...............ccccuvvveeeriiniiiiieee e 12
CommuNICation Of FESUIS......ovviiiiiiiicee e 14
RESUIS ..ot e e e e e e e e e e e e e e e e e e e e et e e e e e e e e e e eeeees 14
Caodevelopment group led indicator framework ..., 14
Codevelopment group 1ed iNQICATOLS.........ueiiiiiiiiiiiiee e 16
Healthy and functioning aquatiC @COSYSIEMS........cccoiiiiiiiiiieeeeiiieiee e 17
Fisheries resources meet the needs of partners and stakehalders....................... 39
Inclusive and integrated participation in fisheries governance...................cccceennn. 71
Implementation of management and monitoring of the Hauraki Gulf Fisheries.Plai8
¢Coll LI a2l yl-&ToigSlana Bdanal.... V. 0ZA........cccooeoeeeerieeeeeeee, 79
Te NINO TANIWIA.......ooii e e e e e e e e e e e e e e e e e s e e s s e aa s e aassennnnnes 80
b3an an g OUWRYNNG PrNCIPIES.......cov e 83
D IAN QGPRaZ Of SUCCESS....coiii i 86
(= T e a1 [ 1 [To=1 o 2= OO 88
Evaluation of NGTONU ........eeiii e 89
Te Niho Taniwha, Desired Outcome Three, and indicator implementatian............ 91
D o 0 1] o o PSP P PPUURPPTRPPPRRRN 93
Research and monitoring recommendatiQns..............cccooooe e 95
(@0 o o] 1113 o 1 97
] (=] =] oo 99
LY o] 01T a6 | (002 ST PTTPPR 111
Y o] o170 o[ Gt APPSO PPP P POPPPPI 111
Y 0] 01T T 1 SRR 120

Y 0] 01T T 1 G SRR 144



Executive summary

The fisheries of the Hauraki Gulf, and the system that supports thesrhighly valued but
showing signsf degradationRevitalising the Gui§ the Governmen® action plan to restore
the mauri of the Hauraki Gulf through a more holistic procedsaoisystem Basdeisheres
Management EBM). Central to the concept @BFMis broadening the values considered by
management and trying to achieve balance (not exclusioahiulti-valued space.

IN2020) 2GS NB I b Sustaitablé SehsyWaienal Science Challengied a project
involvinga n 2 N&A  LJ- NIi y S Nidgovedninénf aGeiicieto R&kelrogress iputting
EBM into action The Hauraki Guind Revitalising the Gulfere the case study elements of
the project.

The objective ofhe project was toevaluateindicators(and associated monitoringhat coud
be usedo better understand andommunicatechanges irstatus ofthe components othe
Hauraki Gulf fishery system (includivgues, stressors, and the implementation of
management actionsCentral tothe processvasco-development, which wafacilitatedby a
co-development groupncludingmana whenua

Indicatorco-developmentwas hierarchicallhe process wastarted by developing a
frameworkaligned with the Hauraki Gulf Fisheries PlHris contained threéPesired
Outcome<ihat coveredthe ecosystem that supports fisheries, the fisheries themsehed,
the engagement and support for mana whenua dmechlcommunitiesto participate in
governanceCandidatendicators aligning with these Desir€@litcomeswvere suggestedy co
development partners and subject matter expei®aluationand ratingof more than 150
candidate indicatorsvasdocumentedusinga traffic light systenqwhichprovided flexibility
(and transparency) wheconducting a qualitativassessient ofeach candidate indicator
againsta series of assessment criteria.

In paralle] indicators of particulasignificancéo mana moanavere alsodevelopedwhile
ensuring that both sets were elevated to the same lewele aligned and followed a similar
structure. Thisframework, Te Niho Tanhiwhgs, intended to provid a frameworkthat
individual ha can subsequently add specifitacebased contexto. Te Niho Taniwh&
similar tothe codevelopmentgroup-led indicatorsassociated withihe three Desired
Outcomesas loth are hierarchical in structurde Niho Taniwhaxtends from @erarching
principles(Ngy mntnpono), throughpillars of succes@Ng) ow)Jto indicators (Ngtohu)
themselves Both Te Niho Taniwhandthe co-developmentgroupled indicatorsalso
incorporate a traffic light system for evaluatiimglicator utility.

The indicator&valuatedin this reportrepresent substantial progress towardsHyBas they

capture a much broadesociceconomieculturalecosystem than is currently considered

within the scope ofisheriesmanagementSngle specietndicatorswill continue to be a part

of those considerationd/Ne have also made substantial progrésthe journey towards BB/

more generally through greatemgagementeducation YR | g1 NSy Sada 2F 20 KSNRE!
perspectivesFrom here a suite of indicators can now be selected by Fisheries New Zealand

and associated onitoring recommendationsanalsobe considered and monitoring initiated.

Ut 0 A YI ( SdtilenZed ta bie 2ridiiled as kaitiaki alongside existing management and for

the management actions d&evitalising the Gutb be implemented. This will only be possible

through greater crosgovernment coordination



Introduction

Afundamentalaim of the Sustainable Seas National Science Challeng®roved decision
makingin! 2 4 S+ N2 I b &arineséalmdnt egpadsibn/operationalisation of
EcosystenBasedManagement (EBM) approaeh The concept oEBM ido holistically

manage the environmenwhile consideingthe multiple values,uses and stressorsdf
ecosystemsExpansion and operationalisationmfrine EBMrequiresthe involvement of

groups with a diversity of interestkl Aotearoa New Zealangartnerships and participation of
Mnori in decigon makings essential to ongoing improvement of management processes, and
G2 SyadaNB GKFG | ¢S 1'2 an2NR ¢2 NI Ragolicstion A &
in marineEBM

Te Moananua-¢ 2 A Z ¢ o] | thk Haar&ki Gylf a& it i2cdthmonly referred to today, is
highly valued andised with multiple stressors acting on(idauraki Gulf Forum 2023Jhere
are signs the health of thidaurakiGulf, and its fisheries, have declingdauraki Gulf Forum
2023) Through a collaborative egovernance process, a plan to enable multiple us¢kef
Hauraki Gulfvhile restoring its healthSea Change Tai Timu Tai Pari Hauraki Gulf Marine
Spatial Planwas released in 201(Bea Change 2017 2018, the Government initiated an
engagement process which resultedRiBvitalising the GufGovernment Strategy in response
to the Sea Change Plan in June Z0&lv Zealand Government 2021)

Revitalising the Guié organised into eight themes addressing threats to the health and mauri
of the Hauraki Gulf. The Fisheries Management thaamsdevelopged a Hauraki Gulf Fisheries
Plan(Fisheries New Zealand 2023b)ipported by the Hauraki Gulf Fisheries Plan Advisory
Group and the indicators and monitoring framework). This pheas designed tprogress
Ecosystem Based Fisheries ManagemE&a{1) using an integrated approach to manage
competing values for resources while maintaining the ecosystems that support them. To

assess the overall ecosystem health of the Hauraki Gulf and determine how the Fisheries Plan

is progressing towards these gaatglicators willneed tobe selectedo reflect the status of

the fisheriesand ecosystems in the Hauraki Gulf. These indicators will monitor the status of
fisheries and other cultural, socEconomic and ecosysteoomponents of value tammana
whenua and stakeholderslote that Ecosystem Based FiskeManagement (EBFMind
Ecosystem Based ManageméBBM)are similarandthe terms aresometimes used
interchangeablythough obviously EBFM is more fisheries focused.

TeMoananuia-Toi-¢ o | | LI - TdheHayrdki Gulf Marine Park

The Hauraki Gulf Marine Park spans 1.2 million hectares, extending twelve nautical miles
seaward from the east coast of the Auckland and Waikeggons(Figurel). Itencompasses a
diversity of habitats from sheltered estuaries to fully expospén ocearover 250 metes
deep(Hauraki Gulf Forum 2023, Sea Change 200 Hauraki Gulf &taonga (treasure) of
cultural and spiritual significance to mana whenua through the rich history of settlement and
use since the first waka navigated its waters.

Given the beauty, diversitand importance of the Hauraki Gulf, it is not surprising that it is
used for a variety of purposes and has high value to many different people. Its many uses
include customary, commercial and recreational fisheries, as a place of cultural and spiritual
significance, aquaculture, tourism, as a major commercial port and transport route,
sightseeing, recreation and as a home to a diversity of marinéHderaki Gulf Forum 2023,

Sea Change 201 Tatchmensof the Hauraki Gulencompas®d S ¢ %S| f | yYRQ&a f I

Auckland, and large areas of farmland in the Waik8mme of the stressottat the Hauraki

a dzLJLJ:

NE S a i



Gulf facesnclude fishing, pollutants, nutrientsediment, invasive species, and climate change
(Hauraki Gulf Forum 2023, Sea Change 2017)

CNRY | FAAKSNASA LISNBLSOGAGSE YIlye 2F GKS | I dzN]
depleted. This includesirakihi(Nemadactylus macropter)s 1 || dzZNJ  oJesmO] f 20 & G SNJ
edwardsi), tipa(scallopsPecten novaezelandigeind tuangi (cocklegiustrovenus stuchbupyi

(Fisheries New Zealand 2023a, Hauraki Gulf Forum 2B&8) extraction can also impact other

parts of the ecosysterrf-or example

(1) bottom trawling, Danish seining and dredging all impact benthic fauna, which provide
habitats supporting many fish specigsior to the 1960s large areas of greépped mussels
wereremoved from the Gulf by dredgir(®@aul 2012y bottom trawling has reduced the
diversity of softsediment fauna throughout the GuiThrush et al. 1998)

(2)fishing (both recreational and commercial) can catch unwanted species, some of which are
threatened (e.g., black petre{Richard et al. 2020)

(3)fishing can also affect ecosystem structarehe presence of kinéEvechinus chloroticys
barrens on rocky reefmay bea consequence of fishery related predator remo\&tiears &
Babcock 2002)

NonHishing relatedactorscan also affect fisheries. For exampiatrients and sediments from

the land can also impact pelagic and benthic community structure, with-dlowffects for fish

and the habitats that support therfMorrison et al. 2009)Many species will be sensitive to

climate relatedfactors potentially leading to reduced abundances or altered distributions

(Portner & Peck 2010Yo address these broadB | OKAy 3 O2y OSNYya T2NJ GKS |
fisheries, the ecosystems that support them, and the cultural, sauial economic value

systems connected to them, a nemore holisti¢ approach to fishery management is

required.
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Ecosystenbasedmanagement(EBM)and indicators

The underlying concepts &BMare not new having beerconsideredoy scientistdor over a
centuryandmore formally discussed since th870s(Link & Marshak 2021The¢ S | 2  an 2 N&
world view, which shares principles such as interconnection of humans and nature, has been
around for much longer.dine key principlesf EBMin Aotearoa new Zealandclude(Hewitt

et al. 2018)

1 CaogovernanceGovernance structures that provide for Treaty of Waitangi partnership,
GALFY3lF YR Yndldz2N» y3F an2NA®

| Human activitiesHumans, along with their multiple uses and values for the marine
environment, are part of the ecosystem.

| Collaborative decision makinGollaborative, calesigned and participatory decision
making processes involving miterested parties

f  Knowledgebased: SR 2y aO0A Sy &6 2 NyirormgdRy codmNunity 3 |
values and priorities

| SustainabilityMarine environments, and their values and uses, are safeguarded for
future generations

1 Adapts:Flexible, adaptive management, promoting appropriate monitoring, and
acknowledging uncertainty

i Tailored:Place and time specific, recognising all ecological complexities and
connectedness, and addressing cumulative and multiple stressors



Indicators are an important component thfe implementatonofd . a FyR | ¢S | 2
worldview. Indicators allow complex systems to be monitored through a subset of
characteristics (which act as a proxy for a broader set of ecosystem attributes), communicating
the trends in that system (identifiyg the stressors acting at), the response of management,

and progress towards objectivéBoldt et al. 2014, Jennings 2005, Kershner et al. 2011, Rice &
Rochet 2005, Shin et al. 201 dicators should cover ecological, environmental, economic,
cultural, socialand management aspectand are often arranged into a hierarchy (i.e., nesting
from many indicators at the bottom level into higher levels with fewer categories). A good
indicator ismeaningful anceasy to understands easily measurecasalready been measured

for a period oftime, is sensitive to stressors, and complements other indicators to avoid
redundancy. There are a variety of approaches to the development of an indicator suite, but
they largely have the following steps in comm@&@oldt et al. 2014, Jennings 2005, Kershner et
al. 2011, Rice & Rochet 2005, Shin et al. 2010)

1. Relevant partners, endsers, and managers are identified todevelop objectives and
a framework for the indicators.

2.  Candidate indicators are ateveloped, often facilitated by subject matter experts.

3. Candidate indicators are scored against a set of screening criteviariety of screening
criteriacan be used, with each candidate indicator scored against each criterion in a
process that involves researching existing information about the candidate indicator and
the use of expert judgement where needed. The scores for the screening criteria are
then combined so that overall scores for each candidate indicator can be compared. It is
important that decisions made during this process are well documented.

4.  The screening results are summarised and a final decision on the indicator suite is made
with the codevelopment group.

5.  The results are communicated, and the process is updated and iterated going forward.

Ultimately, indicators are intended to support management decisidfimvever, this requires

an understanding of the directionality of the indicators selected (is a bigger number better or
worse), how the response of thegadicators relate to one another (some indicators may get
better while others may get worsggand eventually the setting of management reference
pointsand targets The consideration of reference points across an entire suite of interrelated
indicators ancestablishing the data to support decisions around these reference points, is
clearly a big step forward. First, the indicators themselves need to be established. Their
subsequent monitoring will lead to an understanding that will result in the setting of
management reference points beyond the life of this project.

A key objective athe Hauraki GUIEBFMprojectwas toprovide adviceso thatFisheries New
Zealand (FNZanimplement one of the fisheries management component&evitalising the
Gulfby codeveloping (withmanawhenua and stakeholders) suitable indicators for monitoring
the Hauraki Gulf fisheries systeirhis indicator suite should include indicators tidatail
progress made with managemeand monitoringimplementation aspects dRevitalising the
Gulf(i.e.,what progress has been made with marine protection implementdtiaa well as
indicators thatdescribe the status of different components of tfigherysystem(i.e.,what is
the abundance of certain fish species in protected vs-piatected area} It is intended that
the indicatorghat FNZultimately selectfrom this processvill have great utilityas both a
communication and management toiol allowing managers and @evelopers to understand
how ecological, economic, siad, and cultural components of theauraki Gulfishery system
change as EBFM strategi@emd other management interventionaye implemented.

an2Nn



Methods

Codevelopment

A crucial aspect of indicator development isd®velopment.Agroup of cedevelopment
partners representingHauraki Gulmanawhenug recreational and commercial fishers,
environmental interestsiesearchersandgovernment departments localgovernment was
formed at the outset of this projecEngagement withhis group (the calevelopment group)
was initiated during th@roposal development phade ensurethat the projectplan was ce
developed, as well as thensuing stepsDuring this initial calevelopmenta number of key
messages were taken on board, including:

| The project should incorporate a meaningful partnership witmnawhenua

1 It should give effect for Te Tiritio Waitamgi | 2 NP g+ A 0Ot 2110 F2NJ 62K
YR ¢S 12 an2NR AYRAOFI(G2NAR®

T ! ¢S !'2 an2NA LISNBLISOGAQPS aK2dzZ R 0S SYO0NI OSR
do not recognise boundaries.

1 ¢S !'2 tn1SKn YR ¢S !'2 an2NAR AYyRAOIFI(2NA aK2d
This can be thought of as a waka taurua (double hulled canbedh sets of indicators
have space to cexist in their respective hiwi (hulls) with the opportunity to come
together in the shared space on the papanoho (deck). The overarching principle is to
keep the indicators navigating together aligned.

1 an 0 dzNJ y ahtl local krwddgshould be incorporated. The sources of this
knowledge should be appropriately acknowledged so that the knowledge remains with
the hau kainga that have shared it.

1 The indicator development process should be transparent and simple, with a clear
scope. This process should incorporate and respect a diversity of perspectives/values, so
that it capturesthe voice of the GuR The scope should incorporate a connection to the
land, and a connection to other themes witlRevitalising th&sulfbut recognise that
the key area of focus is the Hauraki Gulf fisheries system. Whatever is produced should
be effectively communicated.

| Datasets with an existing time series are valuable. Likewise, potential indicators with no
existing data should also be identified.

1 The indicator suite that is developed should: have broad coverage, be complementary,
be informed by data, include measurable indicators but also explore qualitative
indicators, be coseffective, include plackased indicators, be spatially and temporarily
representative, and have a fisheries focus.

1 Where possible, indicators should take into account the connectivity of the Hauraki Gulf
to a broader system.

1 The indicator suite should link, where practical, to the Desbattomes and
Management Obijectives of the Fisheries Plan, but not to the extent of ruling out aspects
identified during the process as being of importancefbe voice of theGul¥ WHhile it
is urgent that indicators be established, they should also be nimble/responsive going
forward.

Mana moanaindicator framework

One aspect ofriticalimportance from the key messagabovewas the need ta@o-develop
indicatorstK I &t F NB AYyF2N¥SR YR IfAIYSR 6AGK ABAI KI L
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Hauraki Gul{Smith 1997)The intention here was to follothe waka taurua analogy, where
both sets of indicatorbave their own space but are align@daxwell et al. 2020)

Thedevelopment of thesenana moanandicators was conducted with a subset of the co

development grougonsisting oHauraki Gulmanawhenus, referred to as theMana Moana

Advisory Group (MMAGgiven theimportance ofplacebasedknowledge and specific place

based values for different taonga spegiedich will varyacrosshe differentA g A = K[| LI | y R
¢ K n yof tlleg Hauraki Gulfthe intention of thiscomponentwasto focus onjust the upper

levels ofthe manamoanacomponent of theindicator frameworkHowever, it is important

that thismanamoanaframeworkallows forthe more specifiplacebased context from

individual uri(i.e., the indicators themselveg) be added at a later stage.

The development of emanamoanaindicator framework is further discussedthe ¢ o 1 | LJI
Moana, Te Moana nta-Toi- Mana moanasection belowUnlike other sections of this report,
0KS ¢ollt LI a2 -aTbixMata$noaan@skcyidis langely/selicontained,in that

it includescontextualmaterial, methodologicaldescriptionsresultsand discussioall in the
one section

Codevelopmentgroup-led indicators

Forco-developmentgroupled indicators,the intention was to follow the fiveatepco-
developmentprocesaused elsewheréBoldt et al. 2014, Jennings 2005, Kershner et al. 2011,
Rice & Rochet 2005, Shin et al. 20409l outlined aboveBelow we describe the specific
approach that was implementeathen following thigorocess.

Framework o-development

The upper levels of a framework (the backbone that the indicators will connect to) was
developedto ensurethat the coverage oindicatorsthemselves (developed at a later stage)
was completeWhile some indicator projects follow &P3IRIriver, Pressure, State, Impact
Responsgapproacho ensurethat indicators cover all aspects of tegstem(Atkins et al.

2011) we chose not tdor a variety of reasong-irstly,one of the main purposes of developing
these indicatorsvas tomeasureprogressand evaluate the impact of the Hauraki Gulf
Fisheries PlafFisheries New Zealand 2023blperefore the Hauraki Gulf FishiesPlan was a
good startingpoint to consider indicator coverage. Further, the DPSIR approadbeceery
categoricabknd lack flexibility, and the differences between some of the categories (e.g.,
drivers and pressures) can be somewhat vague.

In addition to theHauraki Gulf Fisheries Plame alsowantedto ensure diversity of indicator
coverage vi@o-development group inputThis input was facilitated through a workshbeld
during December 2@ At this workshop participants were askdd)What aspects of the Gulf
are most important to yo@ (2) What are some indicators associated with these vah(8%
What different categories might they be grouped ifttand(4) How do these groupings
compare to the HurakiGulf Fisheries plad The feedbackreceived from thisvorkshop was
subsequentiyusedto supplementthe framework provided by the Hauraki Gulf Fishery Plan.

Codevelopment of candidate indicators

Orce the indicator frameworkad beenco-developed, candidate indictoksere required so
that their utility could beevaluated To facilitate the development dfiese candidate
indicatorswe surveyed the calevelopment grougo understand what indicators they thought
would be useful. Thigrocess was conducted using @amline surveywhere cedevelopment
group members were asked three questions: (1) Whdicator do you suggest(2) Whyjis this
a useful indicator? (3) Are there aayisting data sources for this indicator?

11



These survey questions were organisedund the nine~ocal Componestof the indicator
framework (see the Results section for definiscend descriptionsf the indicator framework
levels).Through the diversity o€overage othe Focal Componestand also the diversityf
knowledge othe co-development group membershis process was intended to pridea
wide range of potential indicat@with good coveragacross the indicator framewoidnd so
represent theWoice of the Guf@

Qurveysubmissionsvere groomed so that similar indicators were given the same nanc
subsequentlyused tocreateaword cloudfor eachFocal Componentvhere the text font was
larger for the indicators that were suggested mdmequently. These word clouds were used to
facilitate discussiofrelating to suggested indicators and available data sets for Eachl
Componen} during a workshop in August 2023.

After the workshopthisadditional feedback was theronsidered alongsidde submissions
receivedfrom the online surveyAllthe suggested indicators were thaorted intogroups of
similarindicators which were theraligned with theindicator frameworkEach of these
indicator groups was theimvestigatedso that candidate indicators could be refined and
assessed against evaluation critefsae below)

Candidatandicator refinement and evaluation

The hdicator investigatiorprocessusedexperts and knowledgbkolders relevant to each of

the indicator groupss well aghe scientific literatureon indicators. Once expertslevant to
each indicator groupad been identifiedone on one conversations were heldask (1) What
monitoring is taking place or could keggested?2) What specific indicators could be derived
from that monitoring?And (3) Whatadvantages and disadvantaga® associated with
different indicator options?

While the scientific literatur¢Boldt et al. 2014)Jennings 2005, Kershner et al. 2011, Rice &
Rochet 2005, Shin et al. 20X)ggestedjuite a discrete stejvise process from candidate
indicator developmento indicator screening, our experience was much more iterative and
differed from the suggested process for a number of reas@fesfound thatwe could not
refine candidate indicators in isolation af understanding of existing data or monitoring
optionsor the consideration of wither a potential indicator would be a good one or not
these three considerations were interwoveno produce candidate indicators withoany
consderation ofdata/monitoringoptions and indicator qualitgouldhave led to the
generation ofan endless list of meaningless candidate indicators.

Once candidate indicators had beezfined and developed from the expert driven and
interwoven process described abovbke utility of these candidate indicators needed to be
more formally considerediVhile the literature suggestedscreening process that produced a
discrete somewhaffinalisedandconstrainedist of indicatorgBoldt et al. 2014, Jennings
2005, Kershner et al. 2011, Rice & Rochet 2005, Shin et al, #tHtQyas not possibléere
for a number of reasong:irst, t wasimportant to be open to feedback from the €o
development groupather than fixedThe final indicator suite wouldltimately be decidedt

a later stageby FNZ, who would havadditional management, political and budgetarade-
offs to conside. For these reasonse developed a traffic light approaakhichprovided
guidance about candidate indicator utility, but left room for subsequent feedbacKinal
decisions to be made. €hend result of thigraffic light approactwas togive each candidate
indicator aHigh, Mediumor Low rating.Theevaluationcriteriaconsidered in coming tthis
rating werederived froma review of screening criteria usedthe literature (Boldt et al. 2014,
Jennings 2005, Kershner et al. 2011, Rice & Rochet 2005, Shin et ab20Hl)as
considerations specific tihe Hauraki Gulf fisheries system aRdvitalising the Gudnd are

12



detailed inTablel. Eachof theseeight evaluation criteriavere themselves givenrating
(according to specific categories descrildedablel) basedon our understanding of the
candidate indicatom question.The overall rating for the candidate indica{aoe., High,

Medium, or Low), was not arrived at by any specific combination of weighting or formulation
from the eight evaluation criterieRather, more flexibility was allowedr in giving the overall

rating for each candidate indicator.

Tablel Evaluation criteria used to assess candidate indicators

Selection criteria

Categories

Relevance the indicator is of importance to fisheries
management in thédauraki Gulf.

(N) No, (S) Somewhat, (Y) Yes

Simplicity- the indicator is simple to understand and of
public interest.

(N) No, (S) Somewhat, (Y) Yes

Data availability is there an existing time series of data
that is available and likely wontinue, or is more work
needed to establish a time series?

(D) New method needs to be developed, (N) New data
collection required, (P) Data collection planned, (E)
Existing time series and will be continued, (C) There is ¢
existing timeseries but data collection has ceased

Practicality & coseffectiveness is the indicator directly
measurable, practical to measure and ceffective to
collect?

(N) No, (S) Somewhat, (Y) Yes

Specificity The indicator is sensitive to and therefore

responds to the properties (environmental, managemen
FOGA2ya SGOX0 GKFG FNB Ay
than other factors.

(N) No, (U), Unknown, (S) Somewhat, (Y) Yes

Spatial scalethe indicator reflects the spatial scale of the
Hauraki Gulf, or maybe more broad, limited or detailed.

(B) Broader than just the Gulf, (L) Limited site(s) within
Gulf, (G) Whole of Gulf scale, (D) Detailed spatial
resolution, (U), Unknown

Quality- the data collection methods are of high quality.

(N) No, (S) Somewhat, (U) Unknown, (Y) Yes

Comparability has the indicator been used elsewhere in
New Zealand or overseas?

(N) No, (U) Unsure, (Y) Yes

Overall rating

(H) High rating the indicator could be adopted now, (M)
Medium rating- some limitations to considdrefore the
indicator could be adopted, (L) Low ratinigmiting factors
may be insurmountable, (W) Wait until new method/date
collection has been developed/implemented before
deciding
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Theresults from this indicator evaluation process were shared withco-development group
and then subsequently discussed during a workshop held during March 2024. Additional
feedback was also sought after the workslaomwhere necessary this wassed to refine the
evaluation criterieand assessment of those critedad in some casestroduce new
candidate indicators

Beyondthe evaluation of individuatandidateindicatorson aline-by-line basis, it was also
important to assessvhetherthere weregaps in theexistingresearch and monitoring to
support theindicator suiteas a wholeThis step also enablags to assess any efficiencies that
could potentially begainedwhere data for multiple indicators could lgathered from the
same deployment.

Communicabn ofresults

It is important that thefinal indicator ratings, and surrounding context as to how those ratings
were reachedare effectively communicated with the edevelopment group and the public.
Such communication helps to provide context and transparehiig report helps to serve that
purpose but additionalshorter form communicatiotis also required.

Results

Codevelopmentgroup-led indicator framework

Following the workshop in December 2022e three DesiredDutcomesrom the Hauraki Gulf
Fisheriedlan were used as thop level of a hierarchicahdicator framework. Thesaere:

(1) Healthy and functioning agquatic ecosystems
(2) Fisheries resources meet the needs of partners and stakeholders
(3) Inclusive and integrated participation in fisheries governance.

Together theseDesiredOutcomesprovide broad coverage of the Hauraki Gidheries
system by including

1 the fish populations that are exploited and the vadubat are associated with them

1 the ecosystems that support thosish populations andisheries

1 the participation of the peopl¢hat value those fisheries in the management of the
fisheries themselves.

Cadevelopment group feedback providéide lower levels of the indicator framework
hierarchy which aregermed Focal ComponestandKey Attributes (Figure2).

In general this feedbaclemphasised the importance obn-extractive value,

Ynial dzZNF y 3 k f Z2chommic dogia ahd cBlirai8ues attitudes of the
community,ecosystem functioning as opposed to just abundance,-tzasbd effectsandthe
implementation of management actionk is important to note thathe initial version of this
framework hadmultiple Key Attributes associated withHmplementation of management and
monitoringCinterspersed throughout the frameworkor clarity, and ssoutlined in the
Introduction,implementationindicators are intended to detail progress that has besade
with the implementation of thenanagement and monitoringspectsof Revitalising the Gulf
For examplea potential managemernimplementationindicator might behe %marine
protectionin the Hauraki Gulf, whereas an associas&atusindicator would behe relative
abundance of fish in protected vs. npnotected areasAsindicators were developed and
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refined (see belowhowever,it wasdeemedmore appropriate fothese implementation
indicatorsto be summariseét a higher leve{otherwise there would ban implementation
indicator associated with each management action specified in the Hauraki Gulf Fisheries
Plan) Asa result mostof these implementatiorKey Attributes were removed from the
framework other than for areas whernplementation monitoring wasalready well
developed (i.e., the Protected species and Fiskegal Compones). More generic
implementation indicators covering the rest of the Hauraki Gulf Fisheries Plagtilare
developedbelow butsit alongsidgnot within) the indicator framework.

1. Healthy and
functioning aquatic
ecosystems

Benthic habitats and T Marine environment

o . Protected species
communities variables P

Protected species
a1 condition, mortalitie
& population status

Condition, compositig Climate status

Benthic habitat statu or energy flow variables

Implementation of
management or
monitoring

Pollution status

o Foodwebstatus variables

Water column status
variables

Catchment status
variables

Figure2 Hierarchical indicator framework eteveloped to support the refinement and evaluation of
fishery system indicators in the Hauraki Gulf.Oayired Outcomé: Healthy and functioning aquatic
ecosystems, (l)esired Outcom@: Fisheries resources meet the needs of stakeholders and partners, (c)
Desired Outcoma: Inclusive and integrated participation in fisheries governance. The lower levels of
eachDesired Outcomeere derived from cdevelopment group feedback and are referred td-asal
Componerg (mddle level) and&ey Attributes (bottom level). The indicators themselves are associated
with the Key Attributes.
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b 2. Fisheries resource
(b) meet needs of partne
and stakeholders

Fish population

Implementation of
management or
monitoring

Fish community
composition

Fish population
condition (distribution Socieeconomic value ¢
composition, health, fishery components

LINB RdzO U A

Fishing pressure

(©) 3. Inclusive and
integrated
participation in
fisheries governancg

Community Government Tangatavhenua

Government capacit Regard fotangata
crossGovernment whenua and
coordination & participation in
communication fisheries governancy

Community capacity
participation in
fisheries governancy

Figure 2 continue¢{legend on previous page).

Codevelopmentgroup-led indicators

A total of530indicator suggesibns(289 of them uniqueyvere providedby 36 co-
development partnerprior to the workshop held during August 2028dicator suggestions
associated withite GovernmentCommunityand TangatadVhenuaFocal Componestwere
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the least commonwhile suggestions associated withe Marine Environment Variables,
Benthic habitats and communitieand Fisheryrocal Componestvere the most common

Word clouds developed fromiese cadevelopment groupndicatorsuggestions can be found
in Appendixl. These indicator suggestiongere then refined to a smaller set of more defined
candidate indicatorgutilisinginput from discussions witlexperts and knowledge holdgrs
which were subsequently evaluateding the traffic light system described aboBelow is a
detailed discussionf the considerationshat went into this refinement and evaluation
process organised according to the indicator framewdnikrarchical structureAll the specific
candidateindicators consideredrelisted inbold italics(regardless oivhether an indicator
ultimately received a low or highating). The purpose of this discussion is to provide
transparency around what thesmnsiderations weréBoldt et al. 2014, Jennings 2005,
Kershner et al. 2011, Rice & Rochet 2005, Shin et al. ZDA@)ndividual candidate indicator
evaluation ratingendassociated consideratiorsge contained irthe traffic lightevaluation
table found inAppendix2. Together the detailed discussion aride ratings in the traffic light
evaluation are intended to be a resource to assist FNZ with selexsinige of indicators to
represent the Hauraki Gulf fishery system.

Healthy and functioning aquatic ecosystems
Benthic habitats and communities

SYGKAO KFoAdGlG adl ddz
Known relationships exist betwedaenthicinfaung the epibenthos andhe water column,
through biotic interactions and nutrient fluxeBemote surveying of the epibenthasn
represent overalbenthicecosystem functioning by documentinguallyobservable traits
also known ag8enthicFunctional Integrity(de Juan et al. 2014). Thenctionalintegrity
elementsthat can bedocumented include spatial heterogeneity, structural complexity and
functional diversityA major advantage of such a method is that it is conducted visually from
towed video transects, so is relatively quick and cheap to implement, and the traits that are
documented areggeneric(non-locationor species specifjc soare able to be applied across a
region. Such a procebssbeen applied to a case study in Kawau Bay (de Juan et al. 2014),
with a manualHewitt et al. 20143ubsequently developed for the application of this
methodology.

While some towed video monitoring of habitats has already been conducted within the Gulf
(e.g., Lohrer & Douglas 201 8pverage has not been comprehensive and the methodology
used not standardisedvonitoring of benthic habitats in thelaurakiGulf, however,is already
planned through an existing FIdAd Department of ConservatiodQQq project to use a new
towed video methodology called Swath Camdocument habitat recovery in relation the
implementation of trawl corridors and High Protection Areas (HP¥®lication of a
functionalintegrity methodology to such monitoring could therefore provide a useful indicator
of soft sediment habitat quality.

Such monitoring also offers great potential to explore additional aspects and applications. For
example, combination of Swath Cam transects with rhgthm mapping could enable broader
coverage. The videos collected could also allow the identificatioamicplar organisms (e.g.
sensitive species often referred to as Vulnerable MaHEgesystem taxaso that their

distribution and occurrence could be compared through tivayages utilising Swath Cam for
monitoring may also have potential to gather adoiital information for other parts of the
indicator suite. For example, demersal fish abundasedimenttype, and suspended

sediment could also be obtained from Swath Cam videos. In addition, the Swath Camsvoyage
themselvescould also be used to deploy other monitoring methodologies suchrasng
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acoustic transects or deploying other sampling techniques su&a#sd Undewater Remote
Video (BRUV)

TheSwath Cansurveysplanned by FNZ and D@C2024will only document habitats in water

>40 m (where the trawl corridors aréddditional surveys will be needed to document shallow
water habitats which are known to have great value to fishes (especially as nursery habitats for
juvenile fishegParsons et al. 201)

There are a few important considerations for this shallow water habitat work. Juvenile fishes
generally respond to the structural elements of habitat rather than the particular types of
structure, so thdunctionalintegrity methods described above are likely also suitéite
documenting nursery habitats. Different sampling methodologies may be more appropriate in
very shallowwater (e.g, aerial or satellite images of shallow water seagrass) and murkier
water (e.g, acoustic methods such as side scan oftirbeam).

Work conducted on these shallow water habitats should be conducted in coordination with
FNZ guidelines for habitats of particular significance for fisheries managéRisheries New
Zealand 2022awhich is still under development. In this regatte utility of habitat
monitoringconducted byW/RC and\Cis worth considering. The core ofistestuarine
monitoring programme is based around theantification ofintertidal macrofauna and
sediment qualityacrossa number ofHaurakiGulf estuariesThe dataarethen used to
categorise arestuariesrelative ecosystem health, based on its community composition and
predicted responses to storwater contamination(Hewitt & Ellis 2010)TheseBenthic Health
Model scorescould provide a useful indicator in themseha®dthey are freely available on
the Land, Air, WateAotearoa LAWA website (https://www.lawa.org.nz/explore
data/estuaries) (Figure3).

Whiletheir direct relevance to fisheries (considering the intertidal nature of the monitoring)
may be questionablegecent work suggesthat the relationships used to forrBenthic Health
Programme scores magfill apply well dowrio 25 m depth(D. Lohrey NIWA, pers. comm.A
selection ofthe sitesmonitored could be used to provide the best overlap with locations
known tohavevalue in providing habitat to fishes.

Other optionsfor documentingshallow water habitatincludehabitat mappingconducted by
WRC and\G who haveused a combination cderial/satellite footage combined with ground
truthing to map habitatdn intertidal areas This mapping would need to be expanded into
shallow subtidal areapoétentially using drop camera and grab samples) to provide utility in
documenting shallow water habitats of value to fishes (d@documentseagrass etc.).
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Estuary Macrofauna Score information

Showing:| 2000 w |-| 2024 w

What do the grades mean?

The Estuary Macrofauna Score is based on the ition of the ity and
tells us how i ite is by mud (via a Mud Benthic Health Model). The
calculated scores are continuous and rej

resent a gradient ofimpact. Low scores indicate low

Figure3 Example of Estuarine Macrofauna Index score from the LAWA website
https://www.lawa.org.nz/exploredata/estuaries/ This example is from the Okura monitoring site with
data collected by Auckland Council (image captured 29 April 2024).

Large areas of rocky reef in the Hauraki Gulf are dominated by kina bamrshallow coastal

areas where kelp once thrived. Kina barrens support a lower biodiversity due to the loss of
ecosystem services, including provision of food and shelter, provided by kelp forests. And once
established, they are difficult to reverse.

While a lot of very valuable research has been conducted on kina barrenshtatmaki Gulf

by the University of Aucklan@hears & Babcock 2002, Shears et al. 2004, Shears et al. 2008)
FNZs currently in the process of investigating kina barren monitoring options. For example, a
project to establish a timeline of kina barrens formation (from historical photography, satellite
imagery, and local ecological knowledge from fishers and iwi) iig) ls&it up and a

standardised kina barrens monitoring programme could be established in the future.

Any indicator suggested to monitor the extent of kina barrens inHaarakiGulf could
potentially change as these methodologies and associated monitoring are developed.
However, there is already an extensive data set on kina barrens iddbeakiGulf from
University of Auckland researcBdlemi & Shears 2023 and Peleg et al. 20PRis research

has used a combination of dive transects, drop camera and drone footage to record habitat
type every five metres along transects down the reef. The suggestiézhior is thed of reef

that is kina barren but this needs to be limited to the maximum depth of kina (which is about
15 m but varies by location) (Nick Sheamniversity of Aucklanghers. conm.).

Five Gulf locations (Mokohinau Islan@spe Rodney to Okakari Poi@ROFR, Tawharanui,

Hahei and Long Bay) have been included in this monitoring back to 1999. At all but the
Mokohinau Islands these sites have paired comparisons of kina barrens inside vs outside of
marine reserves. Three additional monitoring locations (Haulittie Barrier IslandNoises
Islands, Mercury Islands) were subsequently added in 2017. As previously mentioned, this
indicator will need to be adapted to account for method deyetent and/or additional sites
included through potential upcoming FNZ funded reseanth expanded HPA monitoring
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Marine environment variables

2 GSNJ O2ftdzvy adl ddza OFNARIof Sa

Awide range of water column status variables can be monitoredraanydifferent data sets
areavailable Therearetwo datasets from the Firth of Thames, which can be thought of as a

sentinel site as it is the Hauraki Gulf location most likely to be influenced bypksetl effects
(which can flow through to influence fisheries).

A NIWA dataset from the Firth of Thames, which has two comporigetdis & Swaney 2018)
The first of these relates to measurements conducted from two moorings (inner and outer
Firth), which extends back to 1998 at the outer mooring and 2005 for the inner mooring. The
variables available from these moorings include: conductivity, temperatlissolved oxygen,
turbidity, and Chbrophyla (Chl a) which are measured throughout the water column.

The second component of the NIWA dataset relates to quarterly voyages that were conducted
to maintain the moorings where additional variables were measured including nutrients,
conductivity, and temperature measurements through the water column (Genductivity
TemperatureDepth (CTDjneasurements), pH, total chlorophyll, pH, microphytoplankton,
microzooplankton, mesozooplankton, and picoplankton/bactgriankton. Both of these data
sets, however, werdiscontinuedin May 2023.

WRC monitoring of the Firth of Thames. Similar to the NIWA datdséeincludes some

variables monitored at an inner and outer Firth location by buoyed instrumentation (providing
conductivity, temperature, dissolved oxygen, turbidity and &Hdut only through the water
column at the outer buoy location). In addition, monthly sampling is also conducted at

Firth of Thames sites for additional variables including: turbidity, total suspended solids,
nutrients, Chh, and various measures of carbon. Tehdatasets were initiated in 2022 (buoy
data) and 2020respectivelyand are planned to be ongoing (dependent on budget
availability).Theinner WRC buoy location is close to the location ofdiseontinuednner

NIWA mooring, so it could be possible to merge datasets to provide an extended and ongoing
timeseries. WRC also conducts monthly sampling (for the same variables they measure
throughout the Firth), but at the mouths of the Piako and Waihou Rivaest{to Firth of

Thames rivers responsible foralt 80% of the Gulfs freshwater dischal@reen & Zeldis

2015). WRC also has a network of sediment settlement plates that monitor sedimentation
concentrationdn a handful of Gulf estuaries, with the Firth of Thames having the longest
dataset.

TheFirth of Thames in situ observatiomescribed abovare accurate, can provide more
variables (e.g., nutrients, oxygen, plankton samples), but conversely are more expensive to
conduct (and therefore may not provide time series certainty), and do not have the temporal
frequency, spatial coverage or cost affitcy ofsatellite observationsArange of water

column variables can be measured remotely from satellites through N\B@BNZ (Seas, Coasts
and Estuaries, New Zealand)180¢250 m spatial resolution on a monthly basis back to July
2002(Gall et al. 2022, Pinkerton et al. 2028a)9.,Figured). Variables available include: ADET
Absorption of detrital material at 443 nm (/mBBR Particulate backscatter at 555 nm (/m)
CHIL.Chlorophylia concentration (mg/m); EBEDLight (Energy) at the sea bed (mol
photons(E)/ni/d); HVISBlack diskorizontal visibility distance (mKPARDownwelling light
attenuation of PAR (4@J00 nm (/m) PARPhotosynthetically Active Radiation (mol
photons(E)/ni/d); POB Proportion of Observations {D); SECVertical visibility of a black and
white Secchi disk (mMSTSea Surface Temperature (degreesiSSTotal Suspended Solids
(g/m3) (Gall et al. 2022, Pinkerton et al. 2023a)
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Satellite observations are well suited as indicators given their-effsictiveness, time series
certainty, and the flexible spatial coverage they provide. Of the many variables provided by
satellite observationsSST, Clal, and TSS are the simplest to understand and most likely to
relate to fisheries. The spatial domain for indicator time series for these variables could be
defined for the whole of thédauraki Gulbr spatial subcomponents as needed.

Satelliteobservationbased indicators could also be supplemented by WRCs ongoing monthly
water sampling and buoys to monitor the Firth of Thames @wel mouthsediment
concentrationsas a sentinel site. The most relevant variables from these samples are Total
Nitrogen (which underpins primary production), turbidity and DO (an indicator of
eutrophication).An additionalwater column status variabl@dexthat may be worth
considerings Firth of Thames river moutldepositionrates measured from settlemenplates
which may help taunderstand the relationship between sediment discharges at the river
mouth, suspended sediment in the water column and settlement on the segfidtch can
impact habitats of importance to fisheripdn addition,mud contentscores aranonitored at a
number of estuarine sitefby ACand WR{, with mud content scorefreely availableon the
LAWA websiteWhile measurements of various components of ghankton could be
informative,there is no ongoing monitoring, they are expensive to monitor tuey can be
substituted (at a coarse level) by @dbtained from satellite observations
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Figure4 Example of satellite data available from NIVBEENZPinkerton et al. 20234dpr monthly sea
surface temperature anomalies (°@J)fferencecompared tathe averagemonthly temperature over the
time period of the plgtfor custom defined regions around the upper North Island (black line-year4
rolling median).
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Variables that describe changes in lévased processes, which can subsequently affect marine
systems, could make useful indicators relevant to fisheries.

TheLand Cover Databasg. CDBlises emote sensing to descrilibe extent of vegetation,

built environments, water bodies, and bare natural surfaces throughout New Zealand every
five years, including the catchment of the Haur@kilf
(https://lwww.landcareresearch.co.nz/publicatiojsMhile land cover is important, by itself it
does not describe changes in land use practices, which can be more dynamic. For example, if
forestry practises, housing density, stormwater management, livestock density or farming
practises are changed butdhunderlying land cover type does not, this will not be reflected by
the LCDB.

It is possible to derive more informed land use that incorporates these practises, but
information is not always available on changekim usepractice and such a product would

need to be derived every time an update is required. Given the doubt around land usegracti
and the ongoing requirement for update it may therefore be more effective (and directly

related to fisheries) to monitor the consequences of changes in land use practise, which will be
seen in riverine and marine environments through ofpes in nutrients and turbidityl he

previous section on water column status variables detailed a number of nutrient and turbidity
indicatorsthat could serve as proxies for catchment variables.

/ fAYFHGS &adGFddza OFNRIof Sa

Climate can influence a range of variables (¢egnperature, wave action/currents/water
mixing, nutrient availability, turbidity) which themselves can impact fishefiksre are well
known relationships between climatic variables and fishery or fish population productivity
(Dunn et al. 2009)and climate conditions contribute to variability that drives marine

environments. In addition, there are multiple climatic variables that have extensive time series
which are regularly updated and are freely available.

The choice of which climate variables are important for monitoring marine systems and
fisheries hinges on the appropriate spatial scale being examined and the relative degree of
direct or indirect impact on the marine environment. At the laggale, indiators such as the
Southern Oscillation Indepelate to climatic processes across large parts of the atmosphere
that are distant to New Zealand, but which influence our oceans and atmosphere via
teleconnections. Alternatively, indicators suchlaenberth ndices(Trenberth 1976je.g.,
FigureS)orYA Ra 2y Qa & ey 2 LKidsdd 200 teckb® htindsghérS conditions
over the New Zealandregion that lead to highly variable and localised impacts offiaiv
temperatures and rainThese more localised indicéelpto capturethe idiosyncratic nature of
localised climate conditionshile beingconnected tan situmarine observations as well as
larger climate modes such as El NBauthern OscillatiofAndrew Lorrey, NIWAers.

comm.).

The Trenberth indices are relatively simple because they establish a difference in atmospheric
pressure between two fixed locations that reflects wind flow strength in a generalised
direction. The Trenberth indices are available as extensive time seiddsaae enough spatial
granularity to provide both regional and local impacts from prevailing winds. The most
appropriate Trenberth indices for the Hauraki Gulf are likely:

1 M1: the pressure difference between Hobart, Austratiad Chatham Island, New
Zealandwhich measures nortisouth flow over that region

q Z4 the pressure difference between Raoul Island and Chatham Island which measures
west-east flow over that region.
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These indicators could be useful in understanding how nutrient availability changes in
response to climate regimes through widdiven upwellingZeldis et al. 2005nd seasonally
due to surface temperature anomalies.

Another indicator for consideration could relate to rainfall as a driver of sediment transport to
nearshore marine systema.number of rain gauges within the Hauraki Gulf catchment could
be used for that purposédt would bepossible to develop an index thases these gauges to
representintegrated rainfall across a user defined ar¢Beck et al. 20190f particular

interest may be a&ainfall volatility index, which would reflect episodic extreme rainfall and
impacts of those events like sediment erosion/deposition. Further work would need to be
conducted to develop either @atchment integrated rainfall index and/or a rainfall volatility
index specific for fisheries.

Trenberth Index - Z1 Positive Z1 = westerly winds | Negative Z1 = easterly winds or reduced westerlies
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Figure5 Z1 Trenberth Index between 1 January 2010 and 30 November 2023. Positive values indicate
westerly winds, and negative values indicate easterly or reduced westerly winds. Each bar represents the
monthly values, and the black line shows the thmaanth roling average Z1 index. Grey vertical lines
indicate January of the corresponding year.
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Pollution and invasive species are recognised as posing significant risks to the functioning and
health of the Hauraki Gulf. Due to the recognition of their impacts, Ipoflution and invasive
species are monitored regularly and systematically. Severalrlomging datasets are available

for contaminants. However, datasets regarding novel pollutants like plastic debris and new to
New Zealand species are more sporadic and sgatrgorally restricted. Due to the broad

range of variables that can be monitatethere are several relevant indicators and data sets
available. Briefly, some of the most relevant of these are:

Faecal bacterialt coli andErterococc) concentrations, and swimuatble daysare monitored
by regional councils and authorities around New Zealand. For the Hauraki Gulf area, both AC
YR 2w/ NBO2 NBwvimahligQ Nit#EialbHad2fopublie-health purposes.
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Although the data collection methods vary, both AC and WRC submit these dataltA\tti
websitewhich presents both current and historical data to the puliicoliis a bacteria
commonly found in freshwater systems originating from human and animal waste and
stormwater runoff.E.colibacteria can cause illness in humans when concentrations reach
threshold levels. Many Regional Councils moritamolilevels in freshwater systems as part of
their State of the Environment monitoringucklandCouncil 2021and during the summer
months at coastal swimming locations.

In marine and coastal environmeraterococciare the preferred biological indicator for

faecal contaminationWRC monitors beach water for faecal contamination for 22 weeks over
summer, however AC uses a combination of stormwater and freshwater discharge monitoring
and predictive models to forecast water quality at swimming sites which are reported in real
time on the safeswinwebsite (https://www.safeswim.org.nz).

Additional to bacterial sampling amdodelling as part of the.ongTermPlan processAC
records thenumber of beaches permanently closknt swimming the number of swimmable
days and performance against a baseline year (2fait Awimability and bacterial
contamination(M. CarbinesAuckland Councipers. comm.

Bothregional councils have in the past monitored thecalcontamination of shellfisiut
these datasetfiave been discontinuedraecal bacteria loadsind swimming water quality are
unlikely to impact the fisheries stock status in the Hau@kif. Howeverhigh faecal bacteria
loads, and subsequeteach closuremayimpact people's access to, and enjoyment of,
recreational fisheriedDespite thendirect links to commercial fisherigthe availability ohigh
guality dataandthe high level opublic concen related tofaecalcontamination in the Hauraki
Gulfsuggestghat an indicator based orakcal bacterianonitoringwould havehigh utility.

In a2021 survey ofhe public attitude toward the Haurakiulf, plastic pollution was
recognised as théhreat that had the most significant negative impact on the Hauraki Gulf
(Figureb) (Stevenson & Colman 202Theamount of plastic pollution on beachesn the
Hauraki Gulfs a novelndicator of ecosystem health in New Zealand and the Hauraki Gulf.
Although anthropogenic litter and plastic waste is reported intermittently in peer reviewed
literature (Backhurst & Cole 2000, Shetty 2020, Young & Adams gti$@)formation and
data is scattered across sources, impacts and locations.

In 2018 the litter intelligence project was launchgdhich uses a standardised survey method
to collect beach litter data nationaliitps://litterintelligence.org/about/) (Figure7). AC

supports and utilises thktter intelligence surveys to inform their pollution management and
longterm plan.AC also have tetra traps on some stormwater dravisich theyuse toreport

the volume of debriglowing from freshwater systems into the coastal environmétdwever,
these data are patchily distributed around the region. The litter intelligence project categorises
the types and sources of rubbish found on beaghésich could be used to developeetric
describing plastic volume obtained during thesgveysWhile it would be possible toreate a
specific index of fisherglerived plastic, this type gflasticonly makes upa small proportion of
the plastics found on beaches in the Auckland regidrerefore a generiglastic pollution
volume metrids probablymore appealing. Beyond macpdastics microplastics are being

found in marine sediments and food webs. Recent studies of microplastics iarfegbpeér,
yellowbelly flounder, gurnard, jack mackerel, kahawai and pilchiana)d that 25% of all fish
samples in the Hauraki Gulf contained microplagi@tsetty 2020)Faecalsampling of Brydes
whales has also identified microplastics are present in these top predator(distsis et al.

2022) Infish, microplastics can caudissue damage, oxidative stress, and changes in immune
related geneexpression as well as antioxidant sta{@huyan 2022)These impacts can lead to
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reduced growth, reproductive capacignd survival. The impacts wiicroplastics on human
health are poorly understood.

Significant negative impacts on the health of the Hauraki Gulf

Heavy metals, such as from roading
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Figure6 Results oHorizon Research Hauraki Gulf survey conducted for the Hauraki Gulf Forum for a
question related to the public perception of the most significant riskisedealth of the Hauraki Gulf
Sourcehttps://gulfijournal.org.nz/2021/11/resultsof-haurakiqulf-poll/

The amount and composition of marine plastitay not affect fisherieat a HaurakGulf scale

or management directly, but fisheries are likelyntributing to plastic pollutionlf the

perceived or actusimount of fisherieorigin marine plastics high it @uld impact public

perception social licenceand support for fisheries and there may be management

AYLIE AOFGA2ya G2 SyadzaNBE 38 pohitior AltBoligh thé datd §6R  dzLJ 0 NB |
the quantity and source of microplastic contaminations in sediments and the food chain are

less readily available than other litter data, microplastics could reduce fishery species growth

and fecundity.Thepublic importance, access to datnd the potential fiseries impacts

suggest thathe amount of plastic pollution on beaches in the Hauraki @udf high priority

indicator.
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Figure7 Beach litter intelligence monitoring data for Little Bucklands Be&wuth end depicting the
composition of the litter collected over 11.3 survey hours. These data were collected using the
standardised methods designed by litter intelligence. Source:
https://litterintelligence.org/data/survey?id=3043

Heavy metal concentrations in marine sedimeritsthe Hauraki Guliave been monitored by

AC at approximately 120 sites as part of the Regional Sediment Contaminant Monitoring
Programme (RSCMP) sirk@98(Aguirre et al. 2016, Mills & Allen 202Q0opper, lead and zinc
are monitored every two years with other metals (including arsenic and mercury), and organic
contaminants monitored approximately every four years since Z8t@irre et al. 2016)

A key focus of the RSCMP is to manage the impacts of urban development, which means
sampling is focussed on predominantly urban catchments within the Hauraki Gulf (industrial
areas, commercial and residential areasd new and developing urban catchments).

{ SRAYSYylG O2yilYAYylyd O2yOSydNI dA2ya |NB 3INIRSR
Criteria (ERC) traffic light systeACsmonitoring of estuarine sediments indicates that lead

and copper are decreasing in concentration at most sites, whereas zinc is increasing (Mills &

Allen 2021). Arsenic and mercury show no clear trends over time, but mercury is typically

higher at siteshat are also high in copper, lezahd zinc (e.g., sites affected by stormwater

and wastewater discharges)len (2023). Thesedataare publicly availabldor estuaries and

selected monitoring siteandis reportedthrough the LAWA website
(https://www.lawa.org.nz/exploredata/aucklandregion/estuaries/waitemateharbour

central).

One major concern with using heavy metal concentrations from sediments is their relevance to
fisheries,due to limited overlap with fished species. This could be partially addressed by
refining any metric derived to represent just the locations where intertidal shellfish harvesting
commony occurs

27


https://litterintelligence.org/data/survey?id=3043
https://www.lawa.org.nz/explore-data/auckland-region/estuaries/waitemata-harbour-central
https://www.lawa.org.nz/explore-data/auckland-region/estuaries/waitemata-harbour-central

An alternative method for assessing heavy metal concentrations that is more relevant to
fisheries and the foodveb is toassessieavymetal concentrations in seabird blood and

feather samplesBlood and feather samples can be usednform about the level of heavy
metals in seabird populations but by proxy also the heavy metals in theirspesies which
arefisheriesresourcegBowman et al. 2020, Choy et al. 2009pwever, monitoring of heavy
metals in the food web or mesopelagic species is difficult due to the logistical constraints and
costs associated with sampling organisms that may occur far out to sea and at appropriate
spatiotemporal scalegFurtado et al. 2021 Although the data collection and sampling has
been initiated, extracting spatial information regarding the levels of contaminants in the
Hauraki Gulf from seabird feathers may be challendiryger et al. 2017Jor wide-ranging

and oceanic seabirds determining prey and feeding locations can be difficult. Seabirds may be
feeding well outside of the Hauratulf meaning that this indicator may not provide much
relevant insight into the impact of heavy metals on fisheries in the Hauraki\@ile this

metric could bea valuable source of information specifically related to seabirds themsétves,
has too many unatainties and artefacts to be a high utilitydicator.

The impacts of dredging on benthic ecosystems in the Hauraki Gulf are ofutitih goncern

particularly in areas near shellfish beds and where there is significant resuspension of

sediment. For the purposes of this section ofthereparS RSFAY S WRNBRIAYIQ | &
movement or removal of marine sediments. Dredging for fisheries or biosecurity purposes are
excluded.

Monitoring thefrequency of dredging activities and the amount of substrate mowathually
in the HaurakGulf couldinform aboutthe impact tobenthic communities by physical
damage or smothering resitig fromsediment resuspensiofGregory et al. 1993Predging
activities in theHauraki Gultoastal area are neaomplying or discretionary activities in both
the AC unitary plan and the WRC coastal plan.

To undertake dredging works and discharge sediment in the coastal marine area requires
resource consent throughout the Hauraki Gulf. These consents will generally include
information on the dredge location, frequency, volupamd potential discharge locations.

Consent data can be used to inform an environmental indicator. However, the collation of the
regional council consent data would require manual data collection from actual consent
applications, reportingand consent requirementfredging activities are very patchily
distributed and may not be occurring in areas where fisheries are concentratgdiumping

of dredge spoils or waste beyond the 12 nautical mile limit is controlled byrthiedEmental
Protection Authority (EPA. While an additionatonsentis required this may be nenotified in
specific locations. The locati@pecificimpacts and volume of materials to be dumped outside
the 12mile limit would likely still be able to babtainedfrom EPA recordPue to the patchy
spatiotemporal distributionand frequencyof dredgingandthe likelylocalisedmpacts on
fisheries we suggest that an indicator based solely on the amount of dredging activity in the
HaurakiGulf may nothave great utility. ldwever, if dredgingdoesoccur regularly in areas of
known importance to fishery species or restricting access to fisheries this may need to be
reconsidered.

The Haraki Gulf is adjacent to the largest city in New Zealand enamajor international,
domestic,commercialand recreationashipping hub. The amount @fternational and
domestic vessel movements to and within the Hauraki Gulf melehigh-risklocationfor
non-indigenous species introduction and domestic spré&gneasuringhe diversity and
number of records of invasive and nandigenous marine specidaa the Hauraki Gulf
managers and stakeholders will be informed about phevalence andgpread of novel species
that may poseisks to fish populations and their supporting habitaioballyNon-Indigenous
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Marine SpeciedNIMS have been known to impact biodiversity, ecosystems and the local
economeshby outcompeting or smothering native speci{@siton et al. 2019)Invasive

crustaceans, molluscs and seaweeds have been identified as the taxonomic groups that have
the most significant ecological impa¢iolnar et al. 2008)NIMSF NB Of  aAaAFASR |
LYRAOFG2NR 2F (GKS O2yRAGA2Y (Seaward&Smylis288)t I Yy RQ
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By 2017 approximately 214 marine nordigenous species kddbecome established in New

Zealand (https://www.stats.govt.nz/indicators/maringon-indigenousspecies/). Although

mostNIMSwill likely have minimal impacts, some species can modify natural habitats

(Arcuatula senhousjaAsian bag mussehabella spallanzanijediterranean fanworn(Atalah

et al. 2019, Tait et al. 202@ndUndariapinnatifida(James 2016¢) some are predators of

native speciesGharybdis japonicasian paddle crafFowler 2011)and someare nuisance

foulers in aquacultursystemgEudistoma elongatunmAustralian droplet tunicateStyela

clava,clubbed tunicatgSoliman & Inglis 2018Mediterranean fanworm, antndaria(Watts

et al. 2015).

There are three main datasets for invasive species in the Haurakh@uére collated and
publicly availabl®n the biosecurity porhole, anonline database oferified norindigenous
species occurrencesanaged by NIWA on behalf of Biosecurity New Zealand (BNZ)
(https://www.marinebiosecurity.org.n?/ The interactive mappingbased platform displays
verified observations on the distribution of NIMS framseries of biological baseline surveys
conducted in portsongoing Marine High Risk Site SurveillaiMedRSSand records from
specimens reported via the passive surveillance system and identified through the Marine
Invasives Taxonomic ServiddlTS)Figure).

Figure8 All ron-Indigenous Marine Species (NIMS) records for the Haurakio@@23 from the Marine
Biosecurity Portal. Sourcilarine Biosecurityortal (2023 available online at
https://marinebiosecurity.org.nz/searefor-specieslicenced under a Creative Commons Attributidh
International Licence

29


https://www.marinebiosecurity.org.nz/
https://marinebiosecurity.org.nz/search-for-species/

Although thee is a significant amount of data captured within thiesecurity poralit is

spatilly resticted and somewhat patchyVithin the Hauraki Gulthe marine biosecurity
porthole has over 4000 records of NIMS (KeawardNIWA pers comm.) most of the

porthole data is sourced from tHdHRSSa programme undertaken every six months by NIWA
in 12 of New Zealand's busiest international shipping ports and marinas. Although this is a
long-running and replicated dataset the sampling within the Hauraki Gulf is restricted to the
inner Waitemata angbort area(Seaward et al. 2015)hich may be spatially misaligned with
important fisheries or fishery species habitassdditional to the MHRSS, AGd WR®ave
undertaken surveillance diving for certain species in high value or-Hihlocationsn the

wider Hauraki Gulfor the lastfive years There is currently a push from regional authorities
and citizen science groups to develomarine biosecurity datasharing poral, this may
increase the coverage of surveillance datasets to be more useful to evaluate fisheries and
ecosystenmindicators in the Hauraki Gulf.

The impacts of most NIMS on commercial and recreational fisheries and target spehies in
Hauraki Gulf are yet to be determined. Anecdotal evidence for certain established tHiMS (
Mediterranean fanworm§ spallanzaniigxotic CaulerpaCaulerpa brachypusnd Caulerpa
parvifolid) suggests that they may impact fisheries species in particular benthic bigalsies
asscallops. Although data for occurrences of all NIMS in New Zealand are readily available on
the Marine Biosecurity Portal, simply reporting the number of NIMS within the Hauraki Gulf or
the number of sightings annually may not be a useful indicator rekewsfisheries.

Developing indicators for those established and novel NIMS that have suggested known
fisheries impacts may be the most effective use of resources. For example, the known infested
area of exotidCaulerpan the Hauraki Gulf could be a useful indicator particularly when
combined with the distribution of the species it is known to impact (i.e., dog cockles and
scallops)The establishment and spread of novel NIMS that have recognized fisheries
implications overseagCaulerpa taxifolia, Carcinus maersaxd Astaias amurensisfrom

MHRS$®ata could be a useftiture indicator.

Currently the most topical marine pest incursion in the Hauraki Gulf is the discovery of exotic

Caulerpaat AoteaGreat Barrier Island, Waiheke Islatide Mokohinau Islands, Rakino Island

and Kawau Bay. Exotic Caulerpa could potentially impact benthic bivalve stodlshanieds

and population monitoring data could be useful for assessing the impacts of marine pest

species on fisheries in the Hauraki Gulf if monitoring intensity is maintained and expauded.
indicatormeasuringhe area of seafloor irthe Hauraki Gulf with exotic Caulerpaill inform

about prevalence of exotic Caulerpa, the rate of spreadtardhreat it may pose to fish and

shellfish populations or their supporting habitaMiWA, AC,Ngi A wSKdz- = b3IndA al ydz
bIndA tF2F FyR OAGAT Sy -tawddcimyeteend Rindote Ope@tBd dzy RS NI |
Vehicle ROV based surveillanceyhich could be used to inform about suchiadicator.

Currently, the data is restricted to areas within the proximity of known infestations including

AoteaGreat Barrier IslandAhuahuGreat Mercury Isind, Waiheke and Kawau Island.

Exotic Caulerpa is likely to persist in the Hauraki Gulf for some years to come, mapping the
extent of the infestation through time will assist in identifying areas and habitats that have
been impacted negatively by the alga. Particularly relevant withbemount of interaction
between exotic Caulerpa infestations and knowmgenic habitats or shellfish beds including
scallops, sponge beds, dog cockbesd horse mussel&ince the discovery of exotic Caulerpa
in the Hauraki GulfBNZ and local hap have implemented access and fishing closures to slow
the spread Areas around Aotea/Great Barrier Island have been closed for over three years,
andclosureshave been implemented at Waiheke Islaiithese closureeduce access to both
commercial and recreational fisheriagd can havsignificantimpacts on isolated island
communities However, these closures particularly the statutory closures madéNZ; are
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designed to be ahortterm measure and are highly localise&s exotic Caulerpa continues to
proliferate,or management actions changhe area of the Hauraki Guithat is closed to
fishingas part ofa marinebiosecurity responsavill alsochange. Although this is an easy
metric to quantify, the localised and sporadic nature of the closusaggests that the impact
on fisheries in the Hauraki Gulf is unlikely to be significant.

Protected species
/| 2YRAa2y | YRANGNII &2 X oS&l &dza

Fishing activity can unintentionally, but detrimentally, interact with a range of different
protected speciegEdwards 2023)As such, variables that describe the response of protected
species to fishing would be useful indicators. There are a few different types of indicator that
are worth considering under the Protected spedi@xal ComponeniThe first is the

population status orabundanceof protected species

An important consideration here is that population status can be affected by a number of
different variables (such as environmental variation) beyond just the direct (eagtalities)
or indirect (e.g.fishing effects on the food sources of protected species) influence of fishing.

Many protected species are wide ranging and can spend considerable time outside of the
Hauraki GulfThe overall population status of a species will reflect the combination of all of
these influences, including fishery captures from outside ofHaaraki Gulfand for some
protected species this will include fishing mortality from other count(eeg., Rayner et al.
2011). For the same reasons, the condition or health status of protegpeties would also
not be useful indicators. With this in mind, the best indicator to reflect the response of
protected species to fisheries in th#auraki Gulfs one that documents the interaction of
fisheries and protected species at the scale oflt@iraki Gulf

Captures of protected species by commercial fishedeswell documented
(https://Protectedspeciescaptures.nz/The captures described on this webditidise captures

documented by fishery observers and selporting Spatially Explicit Fishery Assessments

(SEFRASsYe then usedor each species to calculagstimated captures given the overlap

0SG6SSYy I &aLISOAS&aQ RAaAGNAROdziA2Y YR GKS FY2dzyi
can be useful when observations are rare, as they are for protected species captitfethe

rollout of camera observations on commercial fishing vessels, estimated captures will likely

incorporate camera observation going forward.

For the Hauraki Gulfthe majority of protected species or species groups (covering birds,
cetaceans, pinnipeds, protected invertebrates, turtles, sharks and rays) have very few
interactions with commercial fisheriePHillip Heath, Campbell Murray, William GibseNZ
pers. comm). The two exceptions are black pet(Brocellaria parkinsongnd flesh footed
shearwater(Ardenna carneipesyvhich together account for the majority estimated

protected species captures in th¢auraki GulfGiven the high level of interaction with Hauraki
Gulf fisheriesthe estimated captures of black petrel and flesh footed shearwaterghe
Hauraki Gulfwould make good indicators representing the response of protected species to
fishing in the Haurakbulf(e.g.,Figure9).

Theseindicators could additionally be paired with risk assessments for each spabieh

would place the estimated captures within the context of how vulnerable the population is as
a whole(Edwards 2023As described abovether protected speciesstimated captures

were also considered, but amefrequently caught within the Hauraki Gulf and unlikely to
produce trendsAn additional consideration is the contribution reicreational fishey seabird
interactions, which would not be reflected in the indicators described above. There is some
information in this regard, through DOCs Protected Species Captupésation
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(https://docnewzealand.shinyapps.io/protectedspeciescalcflom FNZs national panel
survey of recreational fishingvynneJones et al. 2019and alsdhe recording okeabird
interactions during FNZ funddambat ramp surveydJnfortunately,these datasetsuffer from
under reporting, with a lovoverallnumber or seabird interactions with recreational fishing
beingrecorded
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Figure9 Observed and estimated captures of fldshted shearwater in bottom longline fisheries in

Northland and the Hauraki Gulf relative to fishing effort. Image obtained from
https://Protectedspeciescaptures.nz/

LYLX SYSy(dlea2y 2F YIylFr3SYSyld FyR Y2yAUu2NRY3
The implementation of management and monitoring itself can also be reported as an
indicator, as opposed to just developing indicators that describe the state of variables that
respond to management interventions and the monitoring that feeds into it. Aseof this
reportis devoted to the implementation of management and monitoring of the entire Hauraki
Gulf Fisheries Plafrisheries New Zealand 2023Hpwever,because specific monitoring and
management measures are already well established for protected sp#uisgmetrics are
discussed here. The use of cameras on fishing boats allows fé# tifdishing events where a
camera is operatingo be calculated. Not all camera footage, however, is reviewed, so an
additional metric describing th& ofcamera footageevents selected for reviemnay also be
worthwhile. It is worth noting, however, that the review of camera footage is targeted towards
gears, locationsand times when protected species interactions are likely to be higher, so
these monitoring metrics may appear lower than their actual effectiveness. From a
management perspective, the use of mitigation devices (% of fishing events using mitigation),
suchas tori lines, could also be reviewed from this footage and reported.

Marine food webs
/| 2y RAa2y I 02YLRAaAa2y 2NJ SYSNHE b2g

In thissection,we considera number of indicators related temaltto-mediumsized pelagic
fishes(e.g, kahawai Arripis trutta), pilchard $ardinops neopilcahrdygack mackerel
(Trachurusspp), saury comberesox saurdblue mackerelgcomber australasicysand

anchovy Engraulis austral)s also referred to as forage fish). These forage fish are an

important source of food for larger predators such as megafauna, seabirds and larger fish
(Gaskin et al. 2019a, Pinkerton et al. 2023lhis suggests thamdicatorsthat capture the

dynamics of forage fish are highly relevant to marine food webs and are of high public interest.
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A substantial body of work has bedoneon the occurrence of predators such as cetaceans
and seabirds throughout the Gulf, especially in relation to their presenblili-Species

Feeding AggregationfMSFA} where they feed on themaltto-mediumsized pelagic fisim
guestion(as well as dietary items such as krillhe two main data collection options are on
water observations obtained from the Auckland Whale and Dolphin Safari (AWADS) tourist
vesselGostischa et al. 202And aerial surveyEStephenson et al. 2023yhe AWADS data has
the advantage of being freely available, but the disadvantages are that data is collected
opportunistically (i.e., not based on survey design) and spatial coverage is limited.
Alternatively, aerial surveys wouldve a higher cosbut can be conducted in accordance

with a proper survey design allowing for much better spatial coverage. In addh®epst of

aerial surveys could potentially be redudidough the use of camera observation and

artificial intelligence to identify MSFA types (and their component predat®ayis 2022)and
efficiencies gained by the use of aerial survays general sampling opportunity to document
additional indicators relating to the presence of sharks, other cetaceans, and seabird colonies
(see below)Aerial surveys would likely need to be conducted seasonally, because the location
of cetaceans taking part in MSFAs are dynamic and sea&tephenson et al. 2023)

Considering all of this together, aerial surveys would likely be a better option, but ultimately
such a decision would come down to available budget.

In terms of what to measure, metrics related to the cetaceans and seabirds themselves are
likely to be influenced by multiple variablesd.,seasonal cycles, environmental variation,
non-fishing related mortality, and for wider ranging species the influence of factors from
outside of theHauraki Gu)f A metric specifically focussed on the MSFAs themselves (where
cetaceans and seabirds are interacting with forage fish) may therefore provide a more
focussed reflection of how the availability of forage fislthese predators is changing in the
Hauraki GulfWhile MSFA duration would likely be a good indicator, it would not be possible to
guantify without devoted research vessel survey methods. Potenttadiyndicatorwith the

most utility would beMSFAniche type encounter frequendysostischa et al. 2021)

documented by either AWAB®data or from a customised aerial survey

In addition to the interaction of cetaceans and seabirds with MSFAs, it may also be worth
considering seabirds themselvas an indicator of marine foodwebs aschallto-medium:

sized pelagic fisheé\ primary consideration is that many seabirds have ranges much wider
than theHauraki Gulfe.g., Rayner et al. 201190 will not be reflective of just thdauraki Gulf
ecosystem and its fisherieghe nesting strategy of seabirdésocontributes to the ease with
which information can be gathere@he Australasian gannd¥prus serratoy, surface nests at
just a few locations in the Hauraki G(Baskin et al. 2019phas a range that is largely
restricted to the Hauraki Gulf (N. Adams, Unitec, unpub. data), and already has some existing
data documenting a timeseries of counts at Hauraki Gulf cold@askin et al. 2019b)

Gannets could therefore be efficiently aerially counted (via drone or combined with an aerial
survey of MSFAs as per the previous section) ithtralasian gannet nest courgotentially
providing an indication of the smat-medium-sized pelagic fish that they prey up@@askin

et al. 2019a, Gaskin et al. 2019yhile an indicator for gannets by itself would not cover the
entire forage fish communit{Gaskin et al. 2019a3ome of these aspects would be covered by
MSFA quantification as per the previous section. Alternativebst otherseabirds are
nocturnalburrowing nesters (e.gfluttering shearwaters?uffinus gaviafairy prionsPachyptila
turtur) or nest in multiple separate small aggregations (dite blue penguin€Eudyptula
novaehollandiag some of which are more ephemeral than others (evipite-fronted tern

Serna striataand redbilled gullChroicocephalus novaehollandiae scopuliiGaskin et al.
2019b) Such nesting strategies would require lgvabed field work to be conducted, often
across multiple locationgheseother seabird net countsare therefore unlikely to have utility
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as indicatorslt is worth noting, that many factors beyond forage fish abundance could affect
gannets and other seabirds.

More focused methodologies investigatisgabird diet stable isotope signature, breeding
success and physiologyuldserve as more direct indicators of the forage fish community
(Dunphy et al. 2020, Gaskin et al. 2019d)ese more detailed metrics could be developed if
the coarser metrics relating to population size.,if gannets are chosen as a focal species)
prove useful.

Beyond documenting MSFAs and seabirds, a more direct measure of forage fish abundance is
also worth considering. Fish population abundance metrics are generally covered in the Fish
PopulationFocal Componenbut forage fish will be covered here due to their relevance to
marine food websln general, he best source of information on fish population abundance
comes from the fisheries research and monitoring commissioned by FNZ. For each individual
species the available research and monitoring data is cechpéind where there is sufficient
information a stock assessment is performed to determine the biomass for that species in each
management area and the status (relative to management targets) of each stock. With respect
to forage fish species, exceptingieavai which is covered later in the Fish Populatiocal
Componentthere are no indices of abundance or assessments available for any of the
component species (e.,gilchard, anchovy, saury, blue mackerel and jack mackerel) in the
Hauraki GulfFisheries New Zealand 2023a)

The most abundant individual forage fish species inHharaki Gulfs jack mackergParsons

& Bian 2022)Inthe Hauraki Gulfthe majority of jack mackerel aferachurus novaezelandiae
but all three jack mackerel species are reported under one code, which complicates
assessments. One method of assessment that has been investigated is the utility of aerial
sightings of jack macker@nd other pelagic speciesghools from purse seine spotter planes
(small and medium sized pelagic fishes aerial sightipgehis index, however, daigh
interannual variatior(likely due tovarying environmental conditions arnlde migratory
behaviours of the speciashich can extend over very larg@me rangéand was subsequently
abandonedThe commercial fishingdustry are currently looking into reestablishing an aerial
sightings index, but this would unlikely cover the Hauraki edbuse nearly all commercial
jack mackerel catch occurs in the Bay of Pl¢H@rtill et al. 2022JD. CookFaber R & Dpers.
comm.) The commercidishingindustry are alsinvestigatinghe utility of a sizebased
indicator of abundance, but at this stage it is not clear if this work will produce a useable index
of abundance or not (Denham Cook, Faber R & D, pers. goAmotheroption includes ajack
mackerelage-based indicatof abundanceavhich the fishing industry may investigate (Marc
Griffiths, FNZ, pers. comm.).

An alternative optiorwith more localisedrelevancewould bea small and medium sized

pelagic fishes acoustimdicator. An assessment of acoustic data obtained from recent Hauraki
Gulf trawl surveys was conducted for this purposeé’nkerton et al. (2023JFigurel0). They
found that the major limitation of using this acoustic data is the ability to identify the species
associated with different acoustic mark types. This is because estimates of biomass derived
from acoustic data are composite of the amount of acoustickscatter and the target

strength of particular species. An understanding of the mark types generated by different
species could be conducted by first speaking to experienced commercial skippers and then
conducting ground truthing surveys where fish aeeight (using trawl, purse sein@r sabiki

flies) or observed (using a drop camera) to confirm the species associated with a particular
mark type.lt should be noted, however, that even without mark identificatianderstanding

the total amount of acoust backscatter would still have some utili¥y/hile Pinkerton et al.
(2023b)investigated acoustic data from the Hauraki Gulf trawl survey, it is not clear (and is
potentially unlikely) whether this survey will continue. While there may be some form of
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replacement survey otheacousticdata collection options should be investigated. This could
include attaching acoustic equipment to a vessel of opportunity such as the Great Barrier
Island ferry. This could provide a c@dtective sampling platform that essentially conducts a
frequent transect that covers the depth gradient of thkauraki GulfA second costffective
alternative would be to utilise autonomous seacraft, for which preliminary trials were very
promising(Pinkerton et al. 2023b)rhe advantage of a vessel of opportunity, however, is that
additional sampling equipment could potentially be paired with the acoustic, @gtinuous
plankton recorder, see below).
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Figurel0 An example acoustic echogram showing a surface school observed on the RV Kaharoa trawl
survey in 2019. Acoustic data such as this could be used to generate an index of total acoustic
backscatter or the acoustic signal associated with particular pelagidepif mark identification work

was successful. For this example colours represent acoustic strength (red = strong, blue = weak). The red
line near the bottom of the echogram is the seabed (at a depth of about 55 m), horizontal extent is about
1.5 km. Rit reproduced fronPinkerton et al. (2023b)

Phytoplankton and zooplankton are at the base of the food chain and their levels of
productivitywill directly influence the rest of thelauraki Gulecosysten(Zeldis et al. 2005)
including the fish species which we all value. While phytoplankton abundance can be remotely
and costeffectively monitored via satellite observation of @hlsee previous section on

Marine Environment Variables), it may be worth considering an indicator related to
zooplankton abundancend species compositiofwhich is especially relevant to the

cetaceans, seabirds, MSFAs and pelagic fishes covered in this section). An extensive
zooplankton dataset was briefly described in the Marine Environment Vasaelction. This
NIWA dataset is focussed on the Firth of Thames and extends quarterly back to 198&tabut
collectionhas been discontinued\n indictor to document zooplankton abundance and
composition would require ongoing data collection as well as sample identification and
enumeration, which could be cost prohibitive. Given this, any indicator developed would need
to rely on more coseffective methodologies. Some options in this regard could incligieg

a continuous plankton recorder attached tovessel of opportunity (e.gthe Great Barrier

Island ferryXPinkerton et al. 202@)r the incorporation of zooplankton net tows into the
operations of cooperative vessels (e §WADS collected some samples@askin et al.
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(2019a). Samples collected from any surveys that are initiated irHaeraki Gulfi.e., a
replacement for the Hauraki Gulf trawl survey) would not be conducted frequently enough to
be useful. In addition to improving sampling efficiency, sample processing efficiency would
also need to be improved. Significant potential for these fficies is offered through the
application of eDNAnetabarcodingGaskin et al. 2019a, Yang & Zhang 2020)

The remainder of this sectiaelates to the abundance of large predatofdundant

populations of large predators are an indication of a healthy ecosystem containing fisheries
that have not been overexploite@Natsukawa & Sergio 2022, Pauly et al. 1988 often the
larger individuals from a population that exert the most influence on structuring the rest of the
ecosystenm(Langlois et al. 2006pr are of the highest value to fishgitsndner 2010)Given

this, indicators representing the abundance of large predators could potentially be relevant to
multiple aspects oFocal Componestof this indicator suite.

One large predator index of interest could relate to the presendarge rocky reef predators
which have a greater ability to predate on kina, and thus have more influence on regulating
the balance between algal dominated vs kina barrens dominated reefs. The two main known
predators of kina that could be used to construct such an index are gpiRylobster Jasus
edwardsi) and snapperGhrysophrys auratjis

Feeding experimenttaveindicated that rock lobster with a Carapace Length (CL) greater than
100 mm are able to eat all sized kina while lobsters smaller than 100 mm CL are restricted to
eating kina less than 50 mm Test Diameter (ADdrew & Macdiarmid 1991)

For snapper, diet work looking at the size of urchins eaten by different sized snapper suggests
that snapper greater than 55 cm Fork Length (FL) are able to eat kina larger than 50 mm TD (J.
Marinovich, University of Auckland, unpub. data).

Given this, large reef predator ifmscould be generated to reflect the abundance of rock
lobster greater than 100 mm CL and snapper greater than 55 cm FL. It may be desirable to
average these indices to generate an overall large reef predator index

There are a few different data sources to consider. For rock lobster the Rock Lobster Industry
Council (RLIC) collates logbook data from commercial pot fishers who measure the size and
catch rate of lobsters caught. The collection of this data is voluntamy its use would require

the permission of the RLIC. An alternative data source that could be utilised are dive survey
estimates of rock lobster abundance and size that have largely been conducted by the
University of Auckland, and often funded by D@@&na et al. 2021, Hanns et al. 202)ese

data consist of a 40 year time series, but are spatially restricted to fished and unfished areas
relating to the CROP, Tawharanui and Hahei marine reserves.

For snapper, monitoring of recreational catches at boat ramps does provide catch rate (a proxy
for abundance) and the size of fish cauffiartill et al. 2019)However, it would be difficult to
determine which of these catches related to rocky reef habitat. Commercial fishing data has
less utility aghe majority of the commercial fishery (and the associated size data that is
collected)is notassociated with rocky reefBotentially ,the most useful data set has been
collected by the University of Auckland and DOC, BRIV deployment® document the
abundance of snapper inside vs outside of marine reserves iH&oeaki Gulfagain mostly

CROP, Tawharanaind HaheiWillis et al. 2003)

BRUV monitoring for snapper and dive surveys for rock lobster are likely to continue at these
sites and could be expanded to monitor in and around the HPAs that will be implemented as
part of Revitalising the GulThese two methods are spatially paired and would be the best
option to produce large reef predator indices. It should be noted, however, that Bud/B
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methodology that has been used has a known size relatedBians 201Ayhich would need
to be accounted for. This farther discussed in the section relating to the Fish Population
Focal Component

An indicator describing the abundancelaige pelagic sharkswhich are vulnerable to fishery
exploitation(Pacoureau et al. 2021is also worth considering. The abundance of large pelagic
sharks(such adronze whaleiCarcharhinus brachyurpsammerheadSphyrnazygaena
threshersharkAlopiasvulpinus makolsurus sp.blue sharkPrionaceglauca andwhite shark
Carcharodon carchariabas been documented aerial{$tephenson et al. 20234 sightings
per unit effort metric for large sharks could therefore be developed if aerial surveys were
adopted as a monitoring tool to address multiple aspects ofHhearaki Guleécosystem (e.g.
MSFA frequency, gannet colony counts, large shark abunddna@ssigningsuch a survey, it
would be important to account fgpotentially high variatiorikely to arise from infrequent
encounters with pelagic organiswhichspend a proportion of their timéelow the surface
where they are visible.

Another indicator relating to the level of predatory regulation retained within marine
ecosystems that has been used elsewhere is the proportion of predatory fish
(https://indiseas.org/; Shin & Shannon 20%@)so referred to as catch ratios of functional
groups(Cury et al. 200%) Generally, this indicator is calculated from survey @eid includes
fish species that are piscivorous, or feed on invertebrates larger than 2 cm. The catch ratio of
other different functional groups, however, can also be calculatbdse different catch ratio
indicators are discussed together below under the Food web st&tysAttribute

C22R ¢So6 adl Gdza

This indicator group is intended to measure the strength of interactions (e.g., energy
flow/predation) between different components (or trophic levels) of the Hauraki Gulf fister
ecosystem. Such trophodynamic indicators have been identified as very important to fish
populations(Bax 1988)and there are a large number of potential indicat@sairy et al. 2003)
However, given the often extensive data requirements, complexity and sensitivity to
uncertainty of some of these indicatofBulton et al. 2004yve have chosen to address simpler
potential indices more directly focussed on the fish populations at the centre of interest for
this indiator suite. There were potentially relevant indicators that we did not consider here
because they are addressed in other pant the indicator framework (i.e., fish diversity, fish
distribution, fish sizébased indicators were all considered under the Fish Popul&iimal
Componen}.

Two indicators relevant to food web interactions are cabctiomass ratios of

species/functional groups (referred to aatch ratiog and thetrophic level of fish

communities Catch ratios could be used to describe the ratio of predatory, demensal
planktivorous fish and were partially covered above, from the perspective of the predatory fish
functional group. Such catafatio-based indicators are easily measured and understood, and
have been shown to be sensitive to fish{i@ury et al. 2005Alternatively, trophic level

indicators identify the position of a fish within the food web, which varies according to the
functional group and size of the fighuck et al. 2014)As fisheries generally catch the larger

and predatory fish first, the mean trophic level of the fish remaining in the community can
reduce with time(Pauly et al. 19980ne way to document these changes is through the Mean
Trophic Index (MTI), which is the mean trophic level of fishery catch (where a set trophic level
is assigned for each speciéBjnkerton et al. 2017, Shin & Shannon 2QEQurell). The

utility of MTI has been assessed from a New Zealand perspéBimeerton et al. 2017)Given

that many of these recommendations would also apply to catch ratios, both indicator types are
considered together here. SpecificalBinkerton et al. (201 Moted: (1) when these indicators
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are based on commercial catches the MTI (or catch ratio) can be influenced by gear selectivity,
targeting and market forcegalso important factors, but natoveredin this section seethe
FisheryFocal Componeit(2) The amount of shellfish catch (which are typically low trophic
levelspecies) can influence the MTI, so interpretation of the MTI can be con{B)eXpplying

a single trophic level value (or functional group for catch ratio indicators) is an
oversimplification as trophic level can change with fish size.

Given these limitationsurvey data should be used to calculate MTI or catch ratios in the first
instance. This is problematic given the doubt around the continuation of the Hauraki Gulf trawl
survey, but may be possible if a négheriessurvey is initiated. It should also be considered,
however, that fishery surveys also catch fish selectivity, which may mean that some functional
groups or trophic levels are less likely to be caught or observed. For example, baited methods
(e.g., bottom longliner BRUVsurveys, by their nature will capture predatory or high trophic
level species. Alternatively, benthic towed video methods $ikath Cam are less likely to

observe pelagic predators or planktivorous fishe size of fish captured/observed would also
need to be taken into account given changes in trophic level or functional group that occur
with fish size.
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Figurell Example of Marine Trophic Index (MTI) data for research and commercial bottom trawling for
some deepwater fisheries in New Zealand. Data and plot reproducedmiokerton 2012, Tuck et al.
2009)

An alternative approach would be to try andethe commercial catch data, but account for

the factorsthat may influence those catches. The spagmporal modelling framework

known as VAST (Vector Autoregressive Spedimporal) has potential in this regard, and even
has the ability to integrate multiple data sourcg@ariiss et al. 2023a, Gruss et al. 20231

this end, VAST could simultaneousbecommercial catch data for all species together and
incorporate survey data if/when it is available to standardise for the fishing behaviour and gear
selectivity influences discussed above. Such a platform could then be used to generate
indicator values @r a set area and year) for measures such as diversity, maximum size
(discussed in the Fish Populatibacal Componettrophic level or functional group.

The downside of such an approach is the complicated standardisation step that VAST provides,
which also means that a substantial amount of data exploration would need to be conducted
before any indicators could be produced.
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The advantage, however, is that once that exploration is done and a method has been
validated, food web status indicators could be produced with the data that is available now. As
such,there would be value iexploiing VASTestimates of average trophic levéb utilise
commercial catch data and also to reassess the utility of survey data contributing to these food
web status indicators if and when a new survey methodology is confirmed.

We also considered other potential food web status indicators. One of these sétate
trophodynamic modebenerated indicatorgthere isan existing trophodynamic model of the
Hauraki Gulthat could be used for this purpoyéPinkerton et al. 2023b)

The main limitation here is thatew abundance data would be requiréat all model
components (i.e., fish speciesach timean index of fish community change was needéd
additionaland more generitimitation, however, in that our understanding of the connections
between species in the Hauraki Gulf ecosystamd within any ecosystem modés) often

based on a relatively low number of diet samples often collected a long timé@agjcerton et
al. 2023b) This is especially relevant because understanding these connections underpins
EBM.

Routinely collecting tissue samples from a set of key ecosystem compdeenthighly

abundant ordisproportionatelyinfluential system componentss identified by the

trophodynamic model aboydor stable isotope analysis could be an effective way to address
this deficiency. However, stable isotopes by themselves are unlikely to provide the detail about
diet composition and shifts that would be requirddadds et al. 2020)

Taking a similar approach, but routinely documenting the diet of key system components could
be very informative, but diet analysis can be time consuming and expensive. If eDNA
metabarcoding methods were developed for the Hauraki Gulf syst@simay have the

potential to offer a coseffective supplement to traditional diebased methodgalthough

notingthe limitations reduced detajland artefactoof eDNA metabarcoding methodologies
(Canals et al. 202B)The collection of the diet samples for key system components could be
associated with a new survey methodology if one is initiated. As mentioned above, monitoring
of individual species dietr trophic levels(and the variation in these dietg)ould not only be
informative as a food web status indicator, but also has the potential to underpin ecosystem
modelling to support the transition t&BM in the HaurakiGulf.

Fisheries resources meet the needs of partners and stakeholders
Fish population

ThisFocal Componerdescribes the status, compositipand condition of the fishery

NE&2dNDSE 0AdSds (KS FAAK LRLIAFGA2ysd GKSY&ZSE O

Much of thisFocal Componeris related to singlespecies metrics that are already part of the
QMS. Given this, it is important to recognise that these siagkries metrics still form an
important component oEBM, but that itQ also important to broaden the scope beyond

these singlespecies metrics (which this indicator framewdidks done)The best source of
information for many of these metrics comes from the monitoring and assessments conducted
through the existing fishery science working group process. These working groups have put
much thought into determining indices that are highly reat to thisFocal Component

Ourfirst step wago choose the fish species or fish species groups for which to assess
populationstatus, condition and compositiolVe used our knowledge of the main fish species
caught on fishery surveys and by commercial and recreational fishers in the Hauraki Gulf
(Fisheries New Zealand 2023a, Hatrtill et al. 2019, Parsons & Bian 2022, Walsh et alV2022)
also considered species where current biomass was low and took onboard feedback provided
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o0& adl 1SK2f RSN It wagngt passibi hafinclude indicafassNdivety species
becausehis adds complexitywhich ultimately undermines the utility of the indicator suite as
a communication and management todhespecies or species groups we considered here
are:

SnapperChrysophrus auratyigthe most abundant fish in the Hauraki Gulf)

Kahawai(Arripis tutta) (highly important to recreational fishers)

| n LJdz] dz (Polymidn&(currently restricted to the outer Gulf and at low biomass

levels)

1 Tarakihi(Nemadactylus macropteryigan important part of the inshore mixed fishery,
currently restricted to the outer Gulf and at low biomass levels)

1 Smaltto-medium pelagic fishegan important food web connectioas a forage fish for
predatorg

1 John dory(Zeus fabér(an important part of the inshore mixed fishery)

1 Trevally(PseudocaraxdenteX (an important part of the inshore mixed fishery)

1

1

= —a =

Red gurnardChelidonichthys kumuan important part of the inshore mixed fishery)
Kingfish(Seriola lalandi lalanji{a highly valued sport fish and inshore commercial
fishery bycatch

1 ScallopgPecten novaezelandigéhighly valued recreational and commercial species
that is currently at low biomass levels)

| Rock lobster(Jasus edward$i{highly valued recreational and commercial species that is
currently at low biomass levels)

1 Intertidal shellfish(cockleAustrovenus studiuryiand pipiPaphies austral)ghighly
importantbya n 2 NJ&A 0

1 Reef fish(a valued norfishery component of the fish community)

When considering indicators for each of these species or species grmi@l candidate
indicator types were relevant for all species. In sarasesthis was because one indicator

type could serve as a proxy for another indicator type. To some extent this was also true when
considering the Fish Population vs the Fistteagal Componest The main differences

between these being that where possible indicators within the Fish Populatoal
Componentvould be informed by fishery independent survey data whereas comparable
indicators within the Fisherffocal Componemwould ke informed by data related to fishery
experience. But as mentioned above, the interwoven nature of the indicator framework
necessitated vision acrof®cal Componest and in some cases the indicatexsaluatedhave
relevance to multiplgoarts of the imicator framework.

CAAK LRLJz I a2y adlGdza 61 odzyRI yOSoy

The metrics in this sectiostescribe the best information available (or that coulddodiected in
the future) related to the abundance of thealued species groups listed abolrethe majority

of caseswve describe abundanadgelative or absolute) indicator®.g., Spawning Stock Biomass
(SSB) butwhere management targets are availabileicatorsrelative to those targetsould

be an alternative optiong.g., % othe populationbiomass without any fishing, @Bo). An
important consideratiordescribedfor eachspecies group is the spatial scale of the abundance
information. Assessments are usually conductgdpatial scales reflecting thevel of

biological mixing for th@opulation unitbeing assesse@he nominalgtock} This means that
often the Hauraki Gulfsonly part of the broader spatial scale that an assessment is conducted
at. Given oncernsrelating to differentialocalised abundance, reflecting the actual experience
of fishing within the Hauraki Gulivetry to pair these broader scakockabundance

40



estimates with finer scale abundance estimsii a following sectiomescribing the
distribution of fish populations.

Snapperg The Hauraki Gulf population of snappenriure, Chrysphrys auratuyfalls within

the SNA 1 Quota Management Area (QMA) where it forms a highly important shared fishery.
Regular fishery monitoring takes place to inform a fully quantitative stock assessment
scheduled for every five years. The data sources include -e&t@be sampling, historical

tagging biomass estimates, a trawl survey series, recreational harvest estiaral€atch Per

Unit Effort CPUIEanalyses. An assessment for the Hauraki-Balif of Plenty population

complex (snapper mix across both areas) wasgted in 2023, although there were

difficulties with defining reference poin{gisheries New Zealand 2023&) index of

abundance for snapper at an appropriate spatial scale already exists and could be utilised now
(snapper assessmer(tHauraki Gulf population5SB(Figurel?2). It stould, however, be noted

that future assessments wilkelynot just simply add additional points to this time series, but

will undertake a new assessment which will mean the whole indicator time series will need to
be updated at that timelt now seems likely that some of the main data inputs used in the
current assessment will not be available or wanted to be used going forward (e.g., the Hauraki
Gulf trawl survey and commercial bottom trawl CPUE). Given the high value of the Hauraki
Gulf srapper population it is likely that an alternative survey will be conducted to enable

future assessments.
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Figurel2 A potential indicatofor snapper could be the estimated Spawning Stock Biomass (tonnes) by
year for the Hauraki Gulf. For thégample estimates are: MCMC median (solid line); 95% confidence
intervals (shaded regions); MD estimates (dashed line). Plot reproduced with permissiéistienes

New Zealand (2023a)

Kahawai¢ The Hauraki Gulf population of kahawarripis truttg) falls within the KAH 1 QMA
where it forms a highly important shared fisheRegular fishery monitoring takes place to
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inform a fully quantitative stock assessment scheduled for every five years. The data sources
used include catclat-age, recreational CPUE, recreational harvest estimates aerial

sightings associated with the purse seine fishery. An assessment for the whole of the KAH 1
QMA (North Cape to East Cape) was accepted in @@&1ill & Doonan 2022An index of
abundance for kahawai does exist and couldisednow (kahawai assessment (KAH 1) $SB

but the spatial scale of this assessment is larger than the Hauraki Gulf. This is especially
relevant considering the mobility of kahawai. In previous ygaesabundance of kahawai
observed in the Hauraki Gulf has changed very quickly due to migration. Such localised
changes would not be expressed by a metric describing biomass at the scale of the whole of
KAH 1.

| n LJd&]bdgsg This species group consists of two spediegyprion oxygeneias K n LJdz] dzu
andP. americanugbass)the catches of which were reported together until recentlyypidku

& bass are highly valued fish species, so establishing an indicator of abundance relevant to the
Hauraki Gulf would be desirablegpliku & bass are mobile, but the size of the population

units relevant to management are unknowdlternatively,only a smallproportion of the

Hauraki Gulbverlaps with where hpuku & bass preseht occur (i.e., just the back éibtea

Great Barrier Island and parts of the eastern coast of the Coromandel Penififidaauraki
Gulffalls within the HPB 1 QMA (North Cape to East Cape), where recent reductions to the
Total Allowable Catch (TAC) suggest over exploitation has occurred. There is however, no
accepted assessment for HPB 1 or any of the HPB QMASs. The options alreadyediiside

the inshore fishery assessment working group are as fol(&gheries New Zealand 2023a)
Commerciabottom longline CPUIhformation has been determined to have little utility
because the fishery focusses on seabed features whggaku & bass aggregate and

therefore maintain catch rates regardless of abundance (i.e., hyperstalgHiayill et al.

2020a) The utility of commerciddottom trawl CPUEs also currently being assessed, but has
limitations in that it predominantly catches juveniles and the indices produced are at the scale
of all of New Zealan¢(D. Middleton, Pisces research, unpub. dafd)e potential for dottom
longlinesurvey was assessed but deenreat costeffective Work has also been conducted to
assess the potential of utilising population age structure to determine abundance (known as
catch curveanalysis)Maggs & Parsons 2023While it is possible that a pilot project may be
conducted, itis unlikely that this would initially include théauraki Gulfso a relevant catch

curve estimate could be many years away (if at all).

Two alternative and less conventional options could be investigated. It is possible that deep
water StereoBaited Remote Underwater Video (SBRUV) surveys will be conducted to monitor
the abundance of fish such agguku & bass inside and outside of the HPAs that will be
emplaced as part dRevitalising the GuliTherefore, &BRUVished vs unfishedatio for

hnpuku& bass, similar to that produced bjanns et al. (2022pr rock lobster, couldbe

attempted. Such a metric has good potential and should be investigated, hovesgisome

of the new HPAs will include deepwateamuku & bass habitat, and the variability of SBRUV
survey estimates (and associated replication required) remains to be determined. A second
alternative would be to investigate the potential foeatent of occurrencenetric. While the
current depth distribution of hpuku & bass ranges from about 100 to 500 m, historically they
were present in much gllower water and this contraction in their range is likely related to
abundance. Commercibbttom longlinecatches may have utility here, although detailed

spatial reporting fobottom longlineis only available from 2008, by which time much of the
abundance reduction (and likely range contraction) in response to historic fishing would have
already occurred. Such a metric would therefore only be future looking, in that it would
describe any futue expansion of range that may occur in association withesms in

abundance. The metric most commonly used to describe extent of occurrence when utilising
fishery dependent data is the top 50% CPUE polygon (the area of the polygon that contains the
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highest 50% of commerciabttom longlineCPUE). The advantage of a range metric is that it
could be calculated now from existing data, but it is unclear how sensitive a range metric is to
changes in abundance. Alternatively, the SBRUV survey abundance ratio described above will
cover a small progrtion of the Hauraki Gulfmay require more replication than is feasible, and
will require multiple surveys (i.e., many years) to be conducted before a useful relative
abundance index will exist.

Tarakihig Tarakihi Nemadactylus macropterysire a valued part of the inshore mixed species
fishery. The Hauraki Gulf falls within the TAR 1 QMA, which encompasses the northern half of
the North Island west and east coasts. TAR 1 has had two TAC reductions in recent years.
Tarakihi are highly molai) in that tarakihi off the east coast of both the North and South

Islands are considered to form part of a single population. Given the high value of tarakihi
regular fishery monitoring takes place to infornfiudly quantitative stock assessment

scheduled for every five years. This model is informed by commercial bottom trawl CPUE,
catchat-age information and trawl survey abundance estimates. The last assesfment

eastern tarakihivas conducted in 2022 and was accepfedngley 2022)An index of

abundance for tarakihi does exist and could be utilised rtavakihi assessment (east coast

New Zealand) SSB or %oB but the spatial scale of this assessment is much larger than the
Hauraki Gulf. This is especially relevant considering the mobility of tarakihi. Essentially patterns
of abundance observed at the scale of the whole stock may or may not be the same as
observed inthe Hauraki Gulf

Small to medium pelagic fishasPotential indices of abundance for small to medium sized
pelagic fishesvere covered in the Marine Food welB®cal Componerdabove

Trevallyg Trevally Pseudocaranx dentgare a valued part of the mixed species inshore

fishery (along with snapper, red gurnard, John dory and to some extent tarakihi). The Hauraki
Gulf falls within the TRE 1 QMA (North Cape to East Cape), which is divided into two
populations for stock assasent, east NorthlaneHauraki Gulf and Bay of Plenty. Given the

high value of trevally regular fishery monitoring takes place to inform a fully quantitative stock
assessment scheduled for every five years. This medaformed by commercial bottom trawl
CPUE and catedt-age information. The lastevally assessmentor east NorthlandHauraki

Gulf (SSByvas conducted in 2022, but was not accepted due to a conflict between CPUE and
catchat-age informationMcKenzie 2023)This creates uncertainty with regard to how either

of these data sources can inform about abundancebidttom long linesurvey is initiated in

the near future it is also unlikely to be informative becabsttom long linecatch rates of

trevally are low. The proposefivath Cam surveys that will document benthic habitats may

also be able to observe fish, however the us8eéth Cam for fish abundances yet to be
validated. UntilSvath Cam has been validated the best option is likely to utilise commercial
bottom trawl CPUEwhile noting the limitations identified by the assessmdhtraw! corridors

are introduced to the Hauraki Gulf this will spatially restrict the amount of trawling, so any
index based on bottom traw! will be less representative of the whole of the Hautdki G

John dory- John dory Zeus fabéerare a valued part of the mixed species inshore fishery (along
with snapper, red gurnard, trevally and to some extent tarakihi). The Hauraki Gulf falls within

the JDO 1 QMA, which encompasses the northern half of the North Island west and east

coasts. JDQ received a TAC reduction in recent years. For stock assessment purposes JDO 1 is
divided into three populations, east Northlasthuraki Gulf, west coast North Island, and Bay

of Plenty. The east NorthlaAdauraki Gulf gick assessment is a partially quantitative

assessment based on commercial bottom trawl CPUE. While thdolastdoryassessmentor

east NorthlandHauraki Gulf (SSByas conducted in 2022 and was accep{Esheries New

Zealand 2023ajt is unclear what future assessments will be based on because the
implementation of trawl corridors may limit the spatial coverage and therefore utility of
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bottom trawl CPUEAtrawl survey based index is unlikely to be an option if the Hauraki Gulf
trawl survey is discontinued, and catahage sampling is not conducted for John dory (ruling
out catch curve analysis as an option). As perséhetion discussingevally, abottom longline
survey (if it is initiated) will likely catch too few John dory to be useful and the util@yath
Cam for fish abundancestill needs to be validated. Given these considerations, the existing
bottom trawl surveyindex could serve as an indicatdut will becomeoutdated. At this point
the best future option is likely to be to utilise commerdiattom trawl CPUBwvhile noting
limitations due to restricted spatial coverage of trawling (assuming the trawl corridors are
introduced).

Red gurnard Red gurnard@helidonichthys kumuare also a valued part of the mixed species
inshore fishery (along with snapper, John dory, trevally and to some extent tarakihi). The
Hauraki Gulf falls within the GUR 1 QMA, which encompasses the northern half of the North
Islands west and east coasBUR 1 received a TAC reduction in recent years. For stock
assessment purposes GUR 1 is divided into three subpopulations, east Noittdaraki Gulf,
west coast North Island, and Bay of Plenty. The other considerations for red gurnard are
identical to Jon dory above.

Kingfishq Kingfish(Seriola lalandiare apelagic fish species that are prized as a sport fish and
a significant bycatch of inshore commercial fisheridee Hauraki Gulf falls within the KIN 1
QMA which encompassddorth Cape to East Capkhe age structure of recreational catches
suggests that kingfish ofast Northland/Hauraki Gulf and in the Bay of Plenty/East Cape
regions may comprise separgepulations No assessment is conductéat the Hauraki Gulf,
but partially quantitativeassessments are conducted feast Northland with inshore fish
assessed via standardisedbottom longline CPUBNalysisn 2023 and offshore fish match
curve analysis in 201isheries New Zealand 2023&) assessment resuis available fora
population connectedo the Hauraki Gujthowever,it is not clear how representative this
assessmenis forHauraki Gulf kingfish abundance.

Scallops; ScallopsHecten novaezelandipare a valued subtidal shellfish species. The Hauraki
Gulf falls across two scallop stocks: SCA 1 (Northland), which extendddigorulLittle

Barrier Island to the top of the North Island, including part of the northern part of the west
coast and SCA CS (Coromandel), which covers the restldatirakiGulf, including the

eastern Coromandel. The SCA 1 commercial fishery was closed g220@Mhile the SCA CS
commercial fishery was closed in 2@23 (Fisheries New Zealand 2023A)time series of

fishery independent survey monitoring exists for multiple scallop beds within both stocks,
although there are substantial gaps in the time se(i&dliams & Bian 2021, Williams et al. in
prep). This monitoring has generally consisted of dive surveys of some of the shallow scallop
beds that are fishedecreationally(Figurel3), anddredge surveys of the deeper scallop beds
that are commercially fished. The dredge surveys were used to inform assessments for the
commercial beds, however, a number of issues with the survey methodology and assessment
methods have meant that an assessreasnot acceptedor either stock for a number of

years. As a resylENZ are currently reviewing potential survey methods and also management
reference pointsPotential survey methods are likely to involve a combination of dive and
camerabased surveys. Such surveys would be able to produce a range of different potential
indicators. An important aspect to consider with regard to the decline of these scallop
populations is that in addition to biomass, the density of scallops (being a dassilicast
spawner(Joanna & Romuald 20043 likely to influence recruitmen®ne indicator that could

be generated from these surveys is thiective spawning stockbiomass(or number of
scallops)which represents scallops that a¥&0 mmshell lengthand at effective densitieso
enablespawning. Further research would need to be conducted to set a density threshold that
defines effective spawning density. Further, the biomass (or number of scallops) for the whole

44



of SCA 1 or SCA CS would be somewhat uninformative considering the patchy distribution of
scallops, and the need for effective scallop beds to be spread throughout the Gulf to ensure
larval dispersal to all potential beds. Therefore, having time serieffadtive spawner

biomass (or number of scallops) for each of a number of beds throughout thev@ult be an
indicator that incorporates abundance, the effectiveness of shellfish spawning and spatial
distribution. Whether generating these indicators aifficient spatial representation) will be
possible, however, depends on the review and research planning that is currently being
undertaken.
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Figurel3 Example time series of scallop density @D mm shell width) from Hauraki Gulf ron
commercial beds. This data was collected by diver surveys, but could be collected via camera based
methods Plot reproduced fronfFisheries New Zealand 2023a)

Rock lobster Spiny rock lobsteldasus edwardsiare a highly valued shellfish population. The
Hauraki GulMarine Parlaligns closely with the CRA 2 QMA. CRA 2 received a TAC reduction in
2018:19. Forstock assessment purposes CRA 2 is considered as its own population. A fully
quantitative stock assessment was accepted in 2022, with a rapid update in 2023, another
rapid update scheduled for 2024 and a full assessment in g0@5s et al. 2024)he

assessment is based on commercial CPUE, commercial length and sex data, and tag recaptures.
An index of abundance for rock lobster at an appropriate spatial scale already exists, is
scheduled to be updated frequently and could be utilised nmek lobster assessment (CRA

2) SSB or %P It should be noted, however, that the majority of the CPUE data in this
assessment is from the eastern Coromandel part of CRA 2 (statistical areth@f6)s much

less commercial effort from the western Gulf (stital area 905(Fisheries New Zealand

2023a) and patterns of abundance may differ between these ardasndex of commercial

CPUE from the western Gulf, could be a useful supplemental indicator as it would capture any
spatial differences in abundance tren@&e section below addressing spatial distribution of

fish populations)

Intertidal shellfishg Intertidal shellfishincludea range of bivalve species that are highly

Gt dzSRZ S&aLISOAIf & o Austoveruddtuthbulyand pigiRalghiess Sa> 02 O f
australig have been regularly monitored (supported by FNZ funding) across a number of North

Island beaches with consistent methods since 12990(Berkenbusch et al. 2022%ix of

these sites fall within the Hauraki Gulf, namely Whangateau Harbour, Cockle Bay, Umupuia

Beach, Te Mata Bay, Whitianga Harbour, and Tairua Harbour. At each of these sites a stratified

survey of the intertidal population of cockle and pipi (or jost species if only one occurs at a

location) is undertaken with cores to produce biomass estimdies.size of the cockle and
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pipi are measured, which can be used to generate a serees (with biannual sampling
TNEljdzSyoeov 2F GKS RSyaArde 2F I NBS 0201¢€S
length). Such a metrigarge intertidal shellfishdensity (survey)could be a useful indicator as

it is based off of a high quality, extensive and existing time series of survey data, has some
spatial representation throughout the Gulf, and is translated into an@ser relevant metric

by representing the density of laggharvestablehellfish(Figureld). Anumber of community
shellfish monitoring initiatives (some of which are funded by DKIWRG also exist, or did
exist in the pastHauraki Gulf Forum 2023Fhese community shellfish monitoring initiatives
should be considered as a way of increasing the spatial representation provided by the core
locations that are part of the FNZ surveys described above.
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Figurel4 Example of a potential indicatdor intertidal shellfish, specifically thesdsity of largecockles
(30 mm shell length)Berkenbusch et al. 2022 ote not all these sites are within the Hauraki Gulf.
Bars represent 95% confidence intervals.

Reef fishg Reef fish consist of a range of finfish species primarily associated with rocky reefs
and are of high public interest. This interest is not generally because they are harvested
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species (although some are), but because populations of diverse and abundant reef fish are a
visual representation of a highly valued healthy ecosystem. Some of the species that might be
considered part of this group include spoftyotolabrus celidotus red pigfish(Bodianus
unimaculatug> { I y Rl 3 $ed3sandeydh]) biack SngelfiskParmaalboscapulari
demoiselle(Chromis dispilysred moki(Chirodactylus spectabilismarblefish(Aplodactylus
arctideng, blue maomadScorpis violac§aand many others. The best method to survey these
species is Undarater Visual Census (UV®@Jjhile BRUVMethodology would capture some of
these reef fish speciett is less appropriatehan UVChecause many of these species do not
respond strongly to bait, andRB)V footage can become dominated by maggressive

predators such as snapper. A time series of UVC surveys (often conducted by the University of
Auckland and supported by DOC) have been conducted inside and adjacent to Hauraki Gulf
marine reservese.g.,CROPTawharanui, Hahei and also a control site at the Mokohinau
Islands), and in most cases extend back to the 1990s, although much eari&®@dfAllard et

al. 2022, Department of Conservation 20212)s possible that such UVC monitoring will be
expanded when th®evitalising the GuHIPAs are implemented. Potential indicators for
communities of fish are moreomplicated than considering individual fish species

Department of Conservation (202@¢scribes a range of potential indicators that could be
calculated from UVC data afidick et al. (2014Jiscusses the attributes of various potential

fish community indicators. In particularuck et al. (2014)otes that measures of diversity can
2FTGSY YAaa OKIFy3aSa Ay O2YYdzyAide O2YLRaA(GA?2
SPgSyySaa FyR {KIyy2y IyR | AfftQa AyRAOSa 27
intensity. Ametric documentingeef fish UVC diversitt A S 2 dzQ Zor Shabrdy ahd a &

| A f feféouldbg Worth investigating. It is important, howeveo, consider the factors that

reef fish are likely to respond to, which relate to the direct effects of fishing (i.e., extraction

the indirect effects of fishing such as habitat change, and lesgale changes not related to
fishing.Allard et al. (2022)lescribes how these effects relate to individual reef fish speties (

the Leighared). A potentially simpler metric would beeef fishUVCtotal biomass @ species

group biomassfor species that are known to respond to the factors of interédternatively,
biomass ratiodor these groups (inside vs. outsidernérine reserves or HPAs) could also be

an effective indicatofe.g., simmilar to the ratio developed by Hanns et al. 2022)

CAaK LRLz a2y O2yRAa2Y ORAAUGNAROdza2Yy 0

In addition tounderstanding the population status of fish species or communitiés
importantto consider other aspects of fish communitiesprogress towards EBFE@ne of
these aspectssthe spatial distribution of fish populationés discussed in the previous
section, fsh populationassessmentare generallyconducted on discretstockunits with an
assumption of limiteanixing(immigration/emigration)andthesestockscanencompass
spatial scales much larger than the Hauraki Gihianges in fishbundance at smaller spatial
scalesmaydiffer from that at the scale of the entire population unit. This can come about
through localised depletion, whemxtractionrates in a localised area are higher than that
across the entire population unit, leadingteduced abundance (relative to the entire
population wit) at localised scaleé New Zealand relevant examgeists for blue co
(Parapercis coligswhere localised depletion is exacerbatedtbg high levels of residency
(Fisheries New Zealand 2018}jhere localised depletion occyiisdoes not necessarily mean
that the entire population unit ioverfishedandgiven time it might be possible folocally
depletedportions ofpopulations to recoverdowever, if localised extraction persistently
supressedocalised abundance this can createamgoingissuewherea range of values
associated with that species may bentinually suppressedt that local scalée.g.,ecosystem
functionssuch agpredationand competitior; spawning success and larval disperaat end
user valus).In this section wesuggest additional metrider some fish specieshich may
provide information orabundance at more localised scales.
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Snapper and kahawai are both commonly caught by recreational fisbagoingmonitoring

of recreational catch at boat ramps throughout tHaurakiGulf provides opportunities to

assess spatial distributigiidartill et al. 2020b)Usingthesedata, it is possible to define specific
areas/strata within theHaurakiGulf that recreational catch of each species can be associated
with. Becausehis boat ramp monitoring also measures captured fish it is possible to generate
size specific indices for each of the areas/strata that are defihbis. meangatch rate (CPUE)

of size classes relevant to enders and/or for ecological functions (e.qg., predation) could be
produced for each area. For snapper, it may make sense to align such an index with the size of
snhapper described in the large predatoetric above, because snapper that ags cm FL are
also likely to be offighvalue to recreationalishers. For kahawasome consideration of what
sized fish are of value to recreational fishers would need to be undertéxesrall these

spatially specificecreational CPUE atength indicators have great utility as they

simultaneously address the abundance, spatial distribution and size of important fish
populations(Figurelb).
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Figurel5 Example of unstandardised recreational CPUEeradth for four kahawai size classes by area.
Similar indicators could be produced for snapper with specific size classes and areas defined as needed
(Hartill & Doonan 2022)

Hnpuku & bass generally occur ovepecifichabitatfeaturesand as a result are vulnerable to
localised depletion anthnge contractior(Hartill et al. 2020a)A measure describing their
spatial distribution could be worthwhile, buas detailed above, there is a paucity of data
relating to mpuku& bassandit is notknownwhat (if any)new monitoring will be put in place
(e.g., deepwater SBRUV).
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The best localised index of abundance for tarakihi would likely come from commizottimin

trawl CPUEWhile localised CPUE indices are used as inputs to the assessment model, the sub
areas that they are calculated for do not align well with the Hauraki Glfrefore, 2CPUE

analysis customised fétaurakiGulf areas would need to be performdditure restrictions on
trawling may limitthe utility of such ametric. If new survey options become available (e.g.,

Swvath Cam, BRUV or bottom longline surveys) these might be able to provide fishery
independent localised abundance indices, however, it is likely that catch rates of tarakihi via all
potential survey methods will be low.

Trevally, John dory and red gurnard do not have any known localised depletion concerns.
Further, the abundance indices discussed above were all in relation to commercial bottom
trawl CPUE, which is likely to be spatially limited within the Gulf. As &,regatial distribution
indices for these species may not have that much utility.

While kingfish are highly mobile, they are also highly associated with seabed features, which
receivevarying amounts of fishing pressure, which can in turn result in localised depletion.
Because kingfish are pelagmany of the availablsurvey methodologieée.g.,trawl, BRUV,or
towed video such aSvath Cam)would not effectivelydescribekingfishabundanceA

customised survey methodologlyat accounts for the pelagic, schooling and feature
dependent nature of kingfish would likely be requir€xhe opton that could be developed is a
pelagic drop camera survefpcussed on kegeabedfeatureswhere kingfish aggregate (and
where fishings concentratedl Whilethe utility of such a survesethod is unknownit would

likely be alogistically expensivapproach

Spatialdistribution of scallopgs highly relevant, as scallops aetativelysessile and can
become locally depletefWilliams et al. in prep)The time series of survdyased estimates of
effective spawner biomass by scallop bed/survey location discussed almule adequately
address spatial distribution. Similarly, the sunlmsedestimates for large intertidal shellfish
are also able to be represented by site and therefore provide information related to spatial
distribution. Communitybased shellfish surveys provide an opportunity to increase the
number of locations that shellfish abundance indices are available for.

Rockiobster commercial CPUE at the statistical area lewelybe able toprovide information
about patterns in abundancer the western(statistical area 905)s easterr(statistical area
906)Hauraki GulfHowever,the western (905¥tatistical aredhas lescommercial fishing

effort, andthe effort that does ocur is mostlyin the northernpart of that statistical area.
Anotheroption which couldorovide more spatial detaiwould be toestimate the abundance

of rock lobster by calculating thratio of rocklobster inside vs outside of marineserveqas
observed from diver surveys or experimental potting). Such an indicator has been generated
by Hanns et al. (20225lemonstrates different abundance patterns compared to the
assessment and is being considered by the Rock Lobster Working Group. One of the main
limitations of thislatter method is that it depends on sampling data that at the moment are
derived from two locations. The number of sampled sites may increase going forward as
monitoring associated with the HPAs is implemented.

Reef fishabundance estimateare gathered usinggVCcollectedon a site specific basis (which
may expand if more sites are added to monitor HPAs when they are implemeRezidrdless

of whether diversity, total biomass, or species graiipmassare utilised separatereef fish site
specificmetricsfor each of these sites could be produced to provide information about spatial
distribution/localised abundance.
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The size (and age) composition of a population or community reflects its life history strategy,
and alsdts response to fishing, which is often size selectveopulation orO 2 Y'Y dzyskdi & Q &
composition can also provide insight about the level of predatory force it is able to(@eary

et al. 1998)its reproductivepotential (Hixon et al. 2013and its associated value for end
users.Metricsrelating to size and age could be a powerful addition to traditional abundance or
biomass focussed fish population metrics. Size and age information, hoveeegenerally

only collected in association with fishery surveys (of which there are few in the Hauraki Gulf),
and for sampling associated with a small number of recreational (boat ramp sampling of
kahawai and snapper) and commercial species (eat&ye sarpling for snapper, trevally,

and tarakihi) As discussed above, a number of potential surveys or survey expansions (e.g.,
Swvath Cam, bottom longlinesurvey, BRUV monitoring), could also provide size and/or age data
if they come aboutA range of potential metrid® representsize or agare possibleincluding
mean length (or agejhe proportion of the population above a certain size cut off, and the
slope of the size spectrufneviewed by Tuck et al. 2014jhese metrics can also be applied to
entire fish communities andiould serve as a useful measure of ecosystem functio(@ign &
Shannon 2010)The difficulty with community metrics is that they need to capture the size
distribution of the entire community to be meaningfduch datado not currently exist.

Some of the fish population metrics discussed above already incorporate size, and therefore
could be useful multpurpose indicators. This is true for snapper and kahawai, where
recreational boat ramp sampling has the potential to provide CPUE informfati@pecific

size classegecreational CPUAt-length), and for multiple strata throughout the Gulf. Such an
indicator may therefore have great utility. An additional consideration is the extensive time
series of agand lengthinformation for snappepbtainedfrom samplingthe commercial

bottom longlinefishery (dating back to the 1980@8)alsh et al. 2022)This time series could be
used to generate a mean ag&e metricor the proportion of the population olddiarger than

a certain agksize. Given that predation, spawning productivity asthkeholder value are likely
associated with size not agklixon et al. 2013Jocussing on size based metrics is probably
more relevant for this sectiofe.g.,shapper mean size or proportion larger than a certain

siz@ (Figurel6). It will be important to considewhat this metric would add above and beyond
other metrics relating to snapper size, suchtlas largereef predator metricand the

recreational CPUERt-length metricsdiscussed aboveépecifically related to the large predator
metric, there is some concern about data quality because that metric is informé&iRby/
deployments, whiclare knownto underestimate the abundance of large snapfevans

2017) If survey methodology was modified to a horizontal camera system (SBRUV) this may
have more potential to provide a reliable reef predator metric.
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Figurel6 Proportionat-age distributions (histograms) amaefficients of variatioiflines) determined
from snapper landings sampled from bottom longline fisheries in XL YVhile these plots represent
agedistributions for just one yeaa time series of length data back to 198@vsilable and could be
used to generate an index representing snapper mean size or proportion larger than a certain size
(HAGU, Hauraki Gulf; BPLE, Bay of Plengample size; MWCYV, mean weighteeéfficient ofvariation)
(Walsh et al. 2022)

Rock lobster size information is available from the dive surgdgians et al. 2022put also
potentially through fishery log book data that is voluntarily collected via commercial lobster
potting. Either of these data sources could be used to generate dasmdmetric. Again, it

will be important to consider what this metric would add beyond other metrics relating to rock
lobster size, such as the large reef predator meigparating out a componespecificallyfor

rock lobster €.g.,proportion rock lobster > 100 mm Ltould be a useful metric that aligns

with the rest of the indicator suitelheutility of such an indicator may increase if the dive
surveys are expanded to monitor the implementation of HPAs.

The intertidal shellfish surveys already generatarge intertidal shellfish densitymetric. This
metric therefore already incorporates size in a way that is relevant toewesaas. Similarly, for
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scallops, theeffective spawneistockbiomassmetric suggested above would also incorporate
size in a way that is relevant to both ecological function andset value.

Size and age information is also availabledoakihiand trevally through catclat-age

sampling of commercial catches (conducted every few yéitsiKenzie et al. 2017, Parsons et

al. 2022) This meansizebased indicatorgmean size or proportion greater than a certain

sizg could easily be calculated for these species. The value of adding such mefoicadtive

for ecological functiomgor enduser value) to what could be an already sizeable list of
indicators, needs to be considered. This may depend on whether there are abundance metrics
for these species or not. Similar logic applies to reef fishlmsedindicators. They could

easily be calculated from size estimates associated with UVC data, but it remains unclear if an
additional metric (beyond abundance or biomass) relating to size would be of value or not.

As stated above, a sitmsed indicator for the entire fish community has the potential to
provide powerful insights describing how ecosystem functioning changes in response to
fishing. The key limitation, however, is the requirement for size data for all components of the
commurity, which can only come from survey data. Any potential future survey (suBhath

Cam, bottom longlinesurvey or a BUV survey series) will undoubtedly collect size

information, enabling metrics such as thole fish communitymean size or proportion

greater than a certain sizéo be calculated at that time. The selectivityaofy survey method

(i.e., each survey methodill haveits own selectivitywvhenobsening/capturing different

species and different sizes of fish) will need to be taken into account when calculating such a
metric.

CAaK L} Llz I $DNHABYRY a2y 0O NJ

From a fisheries perspectiyeecruitment refers to the process of fish becoming available to

the fishery (i.e., growing to a point where they are above a minimum legal size or vulnerable to
fishing geark Recruitment is important to fish stocks because it represents new cohorts of fish
that will support those populations and their associated fisheries into the fuRoéential
indicators for recruitment were identified through the cedevelopment procesas potentially
relevant. While recruitment is clelgrfundamentally important to fish populations, it is not

clear if separate recruitment indices (suchyasr class strengthwould provide valuable
additional information. Recruitment is already inherently incorporated into fish population
assessments i.e., if recruitment is consistently poor or good, this will flow through to overall
population abundance/biomass estimates ttzae already being produced.

CAEK LRLIZ I @y RAB2YRINYRY IND 6 (i K

The condition (e.g., weight to length ratio) and growth of fish can vary both seasonally and in
response to a variety of other longéerm factors. These issues are currently very topical for
snapper becausehie growth rate of Hauraki Gulf snapper has been declining for about two
decadeqWalsh et al. 2022)hese reduced growth rates are likely the result of density
dependent processe#\s snapper populations have started to increase this reduces the food
available on a per fish basis, resulting in decreased gréweish et al. 2022}t is not clear

what a\Joodrowth rate is, because growth is likely to decrease as a population increases.
Regardless, e way of illustrating these changes would be to generate a time series of the
mean length of snappdor a particular age (e.g., Ikear olds) and represent thatean
length-at-agefor each year when cateht-age samples were available.

In addition to growth, Hauraki Gulf snapper have also exhibited milky flesh syndrome since
mid-2022(Figurel?). The cause of this syndrome is uncertain, but fish with it have opaque
white and mushy flesh, and testing indicates that they are nutritionally dep(ideithson et

al. in press)The syndrome is common among snapper along the northeastern coast of the
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North Island, but also occurs at lower proportions in other inshore species and also outside of
this region. During 2023 two of the major commercial fishing companies from this region
started to estimate thecatchweight of snapper with the syndrome in each landing. This is the
best available information to monitor theyndrome andtould generate a metric such tee
proportion of landings (by weight) that are milkflteshed which could be averaged monthly

to create a monthly timeseries.Similar growth and condition metrics could be considered for
other species if and whetondition or growthissuesoccurwithin those populations.
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Figurel7 Proportion of milky fleshed snapper recorded at the Kai Ika filleting station and by recreational
anglers from the Mairangi Bay Fishing Club in the Hauraki Gulf between 1 January and 31 December
2023. Similar data is also available from fish grading utadken at commercial fish processing facilities
and could be used to generate an indicator that encompassed a far greater sample sizéJohfision

et al. in press)

Shellfish are prone to variation in condition, which is of importance tous®atsbecause it
influences meat weighti.e., the weight of muscle + roe divided by the green catch weight)

Much of this variation will be part of natural seasonal cycles related to spawning. However, it is
possible that shellfish which occupy roptimal habitats or those exposed to environmental
degradation (e.g., lanbased effects) may also exhibit poomctition. When the commercial
scallop industry was operational in tiuraki Gulf the proportion of the catch that was meat
weight for each landing was recorded. Such a mésgalloplanding proportion meat weighi

would be able to track the condition of scallops through time, but the influence of seasonal
spawning related cycles relative to environmental stress would need to be considered.

CARKLIZE | a2y UGBS AWK SE& UaK AL gy Ay3

As discussed above, shellfish sstativelysedentaryandrely on being close to other shellfish
for spawning (and subsequently population replenishment) to be successful. Therefore, a
metric that describesvhether shellfish populations are effectively spawning would be a useful
addition to any metrics describing abundance or biomass.stineybased metric described
above for scallops(fective spawning stock biomagsncorporated abundance, size and the

effectiveness of spawning (by assessing denaitghas the potential to be a very useful
multi-purpose indicator.
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Shellfish in particular caome prone to diseases which appear periodically. Potentially the best
known New Zealand example is tBenamiadisease which has had severe impacts on the
Foveaux Strait oyster fishefgonamiadisease prevalence is now routinely monitored in
Foveaux StraifMichael et al. 2022)There are ho comparable examples from the Hauraki Gulf
Hauraki Gulf scallops have had break outs of black gill disease (1990s and Ridb@sjes

New Zealand 2021and tail fan necrosis can affect rock lobster, but to date observations have
been limited to CRA 3 (i.e., outside of the G{#finde et al. 2021Piseases and parasites can
also affect finfish. The milky fleshed snapper syndrome was investigated as a potential
response tgarasites, but testing conducted by Biosecurity New Zealand did not find any link
to parasitegK. Johnson and D. Parsons, NIWA, unpub. datagntial indicators for diseases
(and associated monitoring) amongst Hauraki Gulf fisheries are likely to be reactive to
occurrences as they arise.

CAaK O2YYdzyAide O2YLRaAiaz2y

Measures of diversity describe how many species are present (richness), and how similar their
abundances are (evennes$herefore it would be reasonable to assume that a healthy fish
community(i.e., one experiencing low levels fighingor other stressorpwill be more diverse.
While diversity measures have been widely applied in community ecéfouierson et al.

2006, Hewitt et al. 2005}here is some concern that changes in diversity can be misleading (as
discussed in the reef fish abundance sectdmove)(Fulton et al. 2004, Rice 2000)

For example, a large pulse of recruitment for one speiag alter diversitylnterpretation (or

the understanding of directionality) of diversity indices can therefore be challenging. Further,
diversity indices are almost always calculated from survey data. This is because the diversity of
fishery catches will be influenced bytrjast the fish community itself, but also by fishing
behaviour whiclrespondgo market forces. As discussed in multiple previous sections, it is
possible that the Hauraki Gulawl survey series will be suspended and at this stage it is not
clear what new survey series will exist.

The type of survey methodologies that are available going forward will be important, due to
the inherent selectivitghat anysurvey methodolog will have For example, surveys that
utilise bait pottom longlineor BRUV) will only capturéhe predatory proportion of the fish
community.We know that in the Hauraki Gulf more than 90% of commehz&iom longline
catch is snappeiMcKenzie & Parsons 2013p it is likely that &ottom longlineor BRUV

survey will only provide limited observations of nemapper predatory fish that could be used
to generate a diversity indeAlternatively, viile aSvath Cam survey is noibaited, it will only
observe the demersal part of the fish community and the experience of previous towed video
methodologies suggests that few fish are observed ovéZalimpton et al. 2012Nonetheless,
towed video methods such &vath Camwill likely provide the greatest potential to inform a
whole fish community diversitymetric (Figurel8).

In terms of the specific types of indicator¢onsideE. t A St 2 dzQa S@SyySaa | yR
I A finfic®<10f diversity havereviously demonstratedelationships to fishing intensitjas

discussed in the reef fish abundance secti@nck et al. 2014)n considering whether to

includea whole fish community diversity metribowever,it is worth noting that some of the

previously discussed metriese somewhat similar (e.g., the average trophic level of landings

(or MTI), proportion of functional groups such as predatory f&hin & Shannon 2018nd

the trophic level of individual fish species), so it may be necessary to select from these to avoid
redundancy.
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Fishing makes a varietf different contributions to society, whether that be the direct
economic value of commercial fishing, the indirect flow on consequences of commercial and
recreational fishing through the economy and the jobs that are required to support these
industries, the provisio of food, and the recreational and cultural value that is associated with
fishing. Estimating the value of different fishery components can help the public to better
understand the contribution of each to society and can also enable managers to make
informed decisions when assessing traafés (NZIER 2023There have been a variety of
economic analyses that have estimated the value of some or all of these different fishery
components. These include: (1) an estimate of the economic impact of recreational fishing
conducted in 201§Holdsworth et al. 201§glthough noting that this did not produce any
specific estimates for the Hauraki Gulf); (2) a total economic value approach to valuing all of
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the ecosystem services in the Hauraki GNEIER 2023yhich incorporated the direct

contribution of commercial fishing as estimated Kkylwant & Carlaw (2022nd an estimate

of recreational fishing value calculated using average willingness to pay estimates; and (3) the
overall economic contribution (e.g., direct, indirect, and wages) of the seafood industry in New
Zealand, which was calculated by fishing eseand regionDixon & Mcindoe 202Zhoting

that while no specific estimates were made for the Hauraki Gulf this should be possible (H.
Dixon BERLpers. comm.)). What is clear from these different pieces of work is that the
approach to economic valuation varies, involves many assumptions, and that it can be
challenging to provide specific estimates for just the Hauraki Gulf. Given these circumstances
a primary objective should be to establish consensus fota economicvaluation

methodology across all user groups that can inform altbetvalue of each fishery component
going forward.

Fishing industry employmenwasused agart of some of the calculations above, however, it
may be worth separating out employment as its own metixon & Mclndoe (2022jescribe

a process for estimating seafood industry employment which is categorised by fishing sector
components and region. While Auckland is one of these regions, Auckland based fishing
companies will also fish outside of the Hauraki Gulf (includindiemest coast)To get

around this, me option would be to estimate the proportion of ea€h2 Y LJI cftéh@é@m

the Hauraki Gulf and use this as a coarse multiplier to estimate the Hauraki Gulf component of
these employment figures.

An additional societal contribution metric that may be relevant isdhantity or proportion of
commercially caught fish that supply local markefise., fish that is exported vs. consumed in
New Zealand vs. consumed in Auckland). Such a metric could potentially be calculated from
existing commercial fishing company data (N. Reid, Moana, pers. comm.). While similar metrics
have been used elsewhe(8hin & Shannon 201f)ey only address one part of the overall
contribution of fisheries to society relative to what would be incorporated into a total
economic valuation approacfihe utility of such an indicator, however, should netessarily

be overlooked becausthe valuethat it demonstrates is directlyelatable to the public (i.e.,

the consumerWwhich could go a long way towards restoring social licence of commercial
fishing (see below).

(2@ C2y2YA0 Ot dzS 202 0¥ KOB2E 6 D2 N yBYSHAIORE €
Beyond the contribution (economic or otherwise) that fisheries make to society, it may also be
worth having metrics that inform about the financial costs and financial viability of commercial
fishing activitiesEssentially these metrics wodiltlistrate the economic consequencefr the
commercial fising industry resulting from themanagement actions dRevitalising the Gulf

With respect to costs, a number of metrics could be considered which relate to aspects such as
increasing fuel costs or the in@ging cost of operation under more restrictive management
arising fromRevitalising the Gulft is important torecognise, bwever,that some of these

costs willoccur inresporseto much broader influences thdncalmanagement measures

(e.g., global inflationary pressur&)eemed valuega financial incentive for commercial catch

to not exceed annual catch entitlementsgre suggested asraeasure that could potentially

be informative, howevetthey are influenced by multiple variables, it not clea what

aspectf fishery ecoomics they would represerfFisheries New Zealand 2028

alternative approach would be to develop metrics that assess the finanalaility of

commercial fishing and how this changes in response to management interventions. Such a
metric is highly relevant, as it represents one part of a societal tcdfighe other part being

the alternative extractive or noextractive uses of those fisheresources) that are created by
those management interventions. To that end, understanding costs in the light of the revenue
earned by commercial fishing operatioms,profit, is potentially the best metric to understand
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financial viability. While data relating fshing companyprofit is available from Statistics New
Zealand (https://stats.govt.nz/integratedata/integrateddata-infrastructure/), specific
company names anedacted,and the data will only be reported for regions (which will not be
connected to the specific location of fishing operation). Similarly, fishing company annual
reports do list profit, but that profit is also not broken down by area of fishing operdé&an,
Moana NZ 2023)While it should be possible to use the methods describe®ibpn &

Mclndoe (2022jo estimate revenue associated with Hauraki Gulf fishing operations (by using
detailed catch reporting), area specific costs are not avail&stanating profit as a metric of
the financialviability of commercial fishing will likely require cooperation from the major
commercial fishing companies in the Hauraki Gulf, which may not be possible due to
commercial sensitivity.

A less direct measure of financial sustainability is the amount of commercial fishing effort
occurring in the Hauraki Gulf. For example, if part of a commercial fihthy LI operafiah

is less profitable it is likely that effort associated with that part of the operation will ultimately
be redirected away from the less profitable component. Metrics relating to effort are discussed
in the next section.

(22 Y2YA0 G f dzS 260 DKENBNID2 YLI2 Yy Sy (i &
Information relating to commercial fishing effort has the potential to inform the public, treaty
partners and managers about a range of different aspects. In this section, however, we
attempt to discuss commercial fishing effort from two perspectives: (1) The ease or difficulty
for commercial fishers to catch fish, which will be influenced by a range oblesiacluding

fish abundance and the management restrictions in an area. This metric is not meant to be a
proxy for fish abundance as per the CPUHFricgediscussed in the Fish Populatfeocal
Componentand (2) the overall amount of fishing effort expended in the Hauraki Gulf as a
measure of the financial viability of fishing operations in teurakiGulf. It is also worth

noting that fishing effort is also relevant to the amount of fishing pressure an area
experiences, but that is discussed in a subsequent section.

With regard to the ease or difficulty of commercial catch, a number of potential formulations
are possible. One option would be to estimate fireportion of a fishing tripthat is actively
fishing (i.e., setting, towing/soaking or retrieving gear). Such a metric would need a way of
accounting for multiarea trips, but this should be possible given the detailed effort reporting
that is now required. As mentioned above, it is likely that the easéfficudty of commercial

catch will be influenced by a range of variables, so a better understanding of what these
factorsare and how they impact effort would need to be explored to properly understand
what this metric describes. Another option relatingth® ease or difficulty of commercial

catch could be derived from th of stocks that reach catch limit3here are two main issues
with such a metric. Few fish stock QMAs align with the Hauraki Gulf, and fishers are able to
catch fish fromany part of 8QMA. Second, a variety of factors unrelated to the ease or
difficulty that commercial fishers experience influence whether a stock reaches its catch limit.
For example, in mixed species fisheries one species can reach its catch limit before the others,
therefore limiting effort (and the ability to reach catch limits for other speciesjhe

remainder of that fishing year

There are a number of potential formulations describing the overall amount of fishing effort as

a metric of financial viability of Hauraki Gulf fisheries. At the simplest levehuimer of

vessels fishing in the Hauraki Guabuld be calculated. Most vessels, however, will not restrict

their fishing activities to the Hauraki Galbne Therefore a cut off(based on a minimum

number of days fishing in the Hauraki Gulf) would be requrdddSy RSTAYA Y 3 | WI | dzN.
FTAAKAY 3 ©@S3aaSt Gaegededeedor éach\viSHe MaAjodfisiing dektheds (e.q.,
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bottom trawl, bottom longline, Danish seine, setnet, lobster pot etc.). A more detailed
alternative would be to calculate the amount of commercial fishing effort within the Hauraki
Gulf (by fishing method) in terms of the number of days fished, the numbleooks set, or

the total km trawled etc. Althoughthese more detailed effort variables are discussed under

the Fishing pressure section below, the coarser I#ghber of fishing vessdlnetric may be

a better match when considering the financial vl of Hauraki Gulf commercial fishing.

While commercial fishing effort variables contain valuable information, they also have multiple
interpretations.Understanding what variables influence commercial fishing effort and how
effort respond to tlose variablesvill be paramount.

(2B Y2YA0 G f dzS 260 0MKSNEBA G2 YA RfytSoy/Siray 3 0
The wellbeing of commercial fishers can be influenced by a variety of factors such as societal
and environmental expectations, financial pressures, compliance with regulatemmagement
interventions, and working remoteffparren Guard, Firstate, pers. comm.) These pressures

can make the commercial fishing industry undesirable, which at the coarsest level can lead to
fishers transitioning out of the seafood sector. Additional regulation or restriction within the
Hauraki Gulf could further contribute to thiscpure, potentially resulting imdditional

decreases to the number of vessels fishing inHagirakiGulf. Anumber of vesselfishing in

the Hauraki Gulimetric was discussed above. While its relevance to multiple parts of the
indicator framework may sugpst that ithas great utility it also emphasises the multiple

factors that can influence igherlevelvariable such as this. Other existing data sources which
could inform about fisher wellbeing include a comparisosahmercial fisheaveragewages
relative to other employment sectorg¢e.g., Shin & Shannon 2018¥hile commercial fishing
employment data is available, it would not be possible to estimate the average wage of
Hauraki Gulf commercial fishing alone, which is the component relevant here due to changes
in fishery restrictions within thélaurakiGulf itself. A better understanding of commercial

fisher wellbeing, however, could be gained from interviews conducted with Hauraki Gulf
commercial fishers, to get a more explicit understanding of how their wellbeing is being
affected.

FirstMate is a New Zealand charity that is currently supporting the wellbeing of commercial
fishers. FirstMate have also been involved in research to better understand the mental health
and wellbeing of commercial fishers, and also collate anonymisedmiation about

commercial fishers that approach them for supp@iirstMate 2023)While the results of this
research are not yet available, its findings could potentially be used to formulate indicators
(e.g.,number of FirstMate Hauraki Gubfasedclients) (Figurel9) or design austomised
commercial fisher wellbeingurvey The costs of conducting such a survey would have to be
weighed up against the specificity of the data that it would provide, and also the quality of the
data it would contain (questionnaire results can be subjective).
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Figure1l9 Number of commercial fisher clients (by month and year) being supported by FirstMate. A
similar indicator could be developed for just the Hauraki Gulf area. Figure provided by FirstMate
(https://www.firstmate.org.nz/).
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Recreational fishing is a highly valued and important pastime in New Zealand, with 32% of
households containing at least one fisher, and close to two million fishing trips undertaken
across New Zealand in 2618 (WynneJones et al. 2019¥%5iven this high level of value,
indicators thatdescriberecreational fishersyaluesshould be considered. Indicators relating to

the abundance of fish populations, the value of recreational fishing to society, and the
pressure resulting from recreational harvest are also relevant, but are discussed elsewhere.

The two most commonly caught recreational fish species in the Hauraki Gulf are snapper and
kahawai(Hartill et al. 2019, Hartill et al. 2020bih the Fish populatioRocal Component
sectionrecreational CPUfat-length for both of these species was suggested as a multi
purpose indicator that would describe aspects relating to the abundance, size and spatial
distribution of these specie®ecause the data used for this metric is obtained from ongoing
boat ramp creel surveys of recreational fish@rartill et al. 2020h)these metrics also provide
valuable information abouthe valuerecreationalfishers obtain from the fishen\Beyond

these most common species recreational fishers also obtain value from having a range of other
species that can be caugtising this creel survey data to generate an additional metric
relating to thenumber ofspeciescaught per fishing trip ¢ther than snapper and kahawai)
maytherefore be worthwhile.

Other species that are highly valued by recreational fishers include shellfish species such as
rock lobster, intertidal shellfish and scallops. These species are caught less often by
recreational fishers, so are infrequently documented by the standardetiomal monitoring
surveys in place (creel surveyartill et al. 2020h)as described aboyand the National Panel
Survey(WynneJones et al. 20193lescribed in more detail below). In response to this issue, a
creel survey specifically designed to estimate the recreational harvest of rock lobster in CRA 2
(Hartill 2019)is currently underway. This survey could be used to generegeraational rock
lobster CPUE (number or weight of lobsters per hour fishradjric. There are no surveys,
however, that reliably document recreational fishexluewith regard to intertidal shellfish or
scallopsFor these speciethe abundance metrics suggested in the Fish populdtiocal
Componentsection(scallop effective spawning stock biomaasadlarge intertidal shellfish
density) are likely the best available information.

An additional metric related to recreational fisheries that may also be worth considering is the
total amount recreational fishingeffort (e.g.,Figure20). The amount of recreational fishing

effort can be derived from the National Panel Surg@fynneJones et al. 2019Briefly, this

survey is conducted about once every five years and randomly recruits fishers from across the
country, who are then periodically contacted to provide details relating to any fishing trips
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conducted. These details are then used to provide an absolute estimate of recreational effort
and harvest by species. Between the years when the National Panel Survey is conducted, boat
ramp creel survey estimates of effort and harvest (which are relabtienates)Hartill et al.
2020b)can be scaled up to provide absolute estimates.

One advantage of the National Panel Survey approach is that it captures effort and harvest
that 4 2 yb@ dbserved at boat ramps (e.g., shdrased fishing). However, when fishers that

are recruited to the survey are subdivided down by region (e.g., Hauraki Gulf), the less
frequently conducted fishing methods may not be well described. Regardless, total effort (total
number of trips) could be deved on an annual basis from the combination of National Panel
Survey and creel survey approaches. As to what aunbtric informs is less clear.

Recreational effort is heavily influenced by weather, but is generally expected to increase with
population growth. These expectations are not always borne out, however, and are influenced
by a complex mixture of socconomic factors (e.g., levels of plisable income, population
demographics, the number of alternative entertainment options), and potentially fish
availability(Bian & Hartill 2011)While effort will undoubtedly be related to the level of

pressure recreational fishing imposes on fish populations, this is discussed below from the
more direct perspective of harvest.
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Figure20 Example plots of the number of recreational fishing boats observed at two Hauraki Gulf boat
ramps (Takapuna, left panels, Half Moon Bay, right panels) and associated recreational snapper harvest.
Data such as these can be used in combination with NatRaa¢l Survey fishing effort and harvest
estimates(WynneJones et al. 2019 produce indices of the total amount recreational fishing effort.

Upper panelg for all hours of the day, based on digital camera imagery, and for the four hours of the

day when peak traffic was expected, based on creel survey data, the proportibsesfed boats that

were used for fishing (second panels down), the average weight of snapper harvested per boat (third
panels down), and indices of the annual snapper harvest landed at each ramp calculated from the
product of the indices shown in the tdprée panels (bottom panel@jartill et al. 2020h)

A broader understanding of recreational fistetitudes andvalues withrespect tofishery

resources may also be worth considering. This type of information could only be obtained from
acustomised recreational fisher attitudes and valussrvey As for any intervievbased

approach, responses can be subjective, emphasising the importance of survey design, and that
care would be needed with interpretation. Options for a social science survey/questionnaire

are discussed in the section relatingResired Outcoméhree.
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The value associated with kaimoana resources is a broad topic with a number of different

aspects. This section, however, has a narrow focusx@tinginformation that could be used

to describe the value associated with customary fisheries specifically. Other aspects, such as
AKStftFTAAK SRAOAfTAGEY GKS AyOfdzZ@AAGAGE | yR LI NI A
YR G(GKS 0NERI R §inudhng theizSaduesoF tacaga 8pRdies and the

environment) are covered elsewhere in this repdiris important to define what is meant by

customary fisheries, whichés i KS G {1 Ay3 2F FAAKIE Fljdz2 A0 fAFSE
fisheries resources, for a purpose authorised by Tangata Kaitiaki/Tiaki, including koha, to the
SEGSYlG GKIFG &dzOK LizN1L22asS Aa O02yaradsSyid 6AGK ¢Aj
way norfor pecuniary gain or trade: those taken when authorised by Kait{dlew Zealand

Governement 1998)

A review of customary harvest reporting (for all of New Zealand) was undertakdarbi}
(2015)who noted that tangata kaitiaki are required to submit EbdlJ the authorisations that
they make, but there is no requirement for the amounts actually harvested to be reported.
Where catches are reported, multiple units of measurement were provided (e.g., sacks,
weights, numbers, binetc.). The customary authorisations thidartill (2015yeviewed were
dominated by shellfish (as opposed to finfish), but clearly there will be regional ar hap
specific differences as to the taonga species that are valued and available within the Hauraki
Gulf. Taking this information into consideratiomamber of customary authorisations issued
metric (which could be further divided by species) could be informative. Howtnege are a
number of potential issues with such a metiids feasible that more permits might be issued
if taonga species abundance was either high (the resource can sustain this harvest) or low
(fishery regulations do not provide for the level of harvest that is requirdijitional context,
which could only be gained by conducting interviews with ivaipn /whanau,may therefore

be of value Potentially more importantly, however, thereusicertainty around the
confidentiality of customary authorisation data, even at an aggregated level, which could
prevent use osuch a metric.

In addition to the number of customary authorisations that are issued, it would also be

worthwhile investigating more specific metrics that describe the catch rates (and therefore
F3a20AF0SR dzaSNJ @It dzS0 27F &LISOA®iAheiteportiig I NB O f «
of customary authorisation catch rateis inconsistent, and would not be able to inform such a

metric. Recreational harvest surveys, may have some potential in this regard because while

recreational harvest is separate from customary ae&vii > Yl y@& an2NA gAff FAAK
regulations as well. Metrics relating to recreational finfish catch rates for important species

(snapper and kahawai recreational CPWElength, as discussed above), may therefore be of

some relevance in this section as well. However, as describeiijl (2015) shellfish are

Oft SINI & 2F AYLRNIIYOS G2 an2NRI odzi IINB y2i oSt
conducted(Hartill et al. 2019, Wynnrdones et al. 2019nformation relating to shellfish

abundance (not catch) is likely the best information currently availablelarpe intertidal
shellfishdensitymetrics described above therefore has relevance to this section as well.

Beyond these existing data, it will also be important to utilise community amedumanga led

research that describes the abundance of taonga spdrigEommunity monitoring). While

there are many such initiatives, the Ministry for Business, Innovation and Employment

Endeavour Programm@IBIEXAt 2dz NhKdzA X LJ2dz GA{ly3l T L}Rdz 2Nl y3
Coll LI azlyl knygRisgaRiculmd Irelérant.dithis programriseworking with

five Hauraki Gulf iwtb conduct surveys to document the abundance of the taonga species in

their rohe. Community and ntauranga led research such as this could provide valuable insight

to inform metrics relating to the taonga speciedusd within the Hauraki GulBeyondthese
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surveys, interviews conducted with il#pn/whanau will also be important. These interviews
would likely need to cover thattitudes and valuesassociated witHishery resourceas well
asthe broader valusthat are held in connection with the marine environment. A framework
for these values is addressed in thikapa Moana, Te Moana raiT0i¢ Mana Moanasection

of this report.
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The edibility of seafood is highly relevant for anyone consuming seafood, but especially for

shellfish, many of which are filter feeders and will therefore more closely reflect the
SYGANRYYSYy({i INRdzyR GKSY® DAGSYy (K@artll 0033 NI | yOS
SRAOAfAGE YIlIe |faz2 KIFI@®S KAIK NBfS@OFIyOS (2 an2NJ
dimensions which are discussed below.

The condition of shellfish will vary seasonally as productivity in the marine environment
fluctuates and shellfish gonads mature. Taste or edibility will also vary with these seasonal
cyclesShellfish conditioris not discussed further as it is part of a natural seasonal cycle.

Pollutants, such aseavy metalscan be accumulated by shellfish making them inedible. Levels
of heavy metals are not currently monitored in shellfish themselves, but are monitored in
surrounding sediments b&Cand WRQhttps://www.lawa.org.nz/exploredata/estuaries). A
metric based on sediment monitoringom locations where shellfish are harvestgavy

metal (Lead, Copper, Arsenic and Mercury) concentrations in sedimeotddpotentially be

used to represent shellfish heavy mekvels(Figure21), andis discussed in the Pollution

status variables sectioabove

S
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P

SN |

Figure21 Example of estuarine stressor (heavy metal) monitoring from the LAWA website
https://www.lawa.org.nz/exploredata/estuaries/that could potentially be used as an indicator of

shellfish edibility. This example is from the Meola monitoring site with data collected by Auckland Council
(image captured 29 April 2024).
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Marine biotoxins can periodically occur in the phytoplankton that shellfish consume,
subsequently making the shellfish dangerous to &ae Ministry for Primary IndustriéMP1)
conduct regular monitoring of shellfish biotoxin levels within marine farms and popular areas
for recreational harvest (https:mpi.govt.nz/fishingaquaculture/recreationafishing/where
unsafeto-collectshellfish). This testing can result in shellfish harvest closures, however, there
IS no evidence to suggest that the frequerdybiotoxin poisoning in shellfish is increasing or
that it is related to pollution (P. Harrison, MPI, pers. comffu)ther, a indicator related to
marine biotoxingnumber of days shellfish harvesting closed due to biotoissunlikely to be
connected to management interventions in the Hauraki Gulf.

Animal faeces can contaminate waters where shellfish grow, with the shellfish subsequently
becoming dangerous to eat as they concentrate and retain bacterial and viral pathogens
(Burrow 2020) MPI and the marine aquaculture industry conduct regular bacteriological
testing (both of the water and in the shellfish themselves) within marine farms. This data has
been used to develop models that predict how long shellfish harvesting should be altesed
certain rainfall events. The relationships in these models are regularly updated based on the
levels of bacteria revealed by the testiriga catchment becomes more polluted with animal
waste, this will likely result in slower shellfish cleansinges after rainfall events, leading to
longer harvest closures. A metric could therefore be developed from these models describing
the number of days shellfish harvesting closed due to bacteria levélhile this metric would

be partially reflective of climatic variation, it would also reflect the level of pollution and the
first-handexperience of shellfish harvesters. It is important to note that the testing, models
and closures relate to marine farms. However, the distribution of these farms is reasonably
well spread throughout the Gulf (farms are located on the Coromandel Peniisita

coasts), the Firth of Thames, Waiheke Island, Clevedon, Mahurangi Harbour, and Great Barrier
Island). Such a matrwould therefore also have relevance to recreational or customary
harvesters of shellfish throughout thdaurakiGulf.

A related additional metricould be derived from the safeswimodel that uses wastewater
rainfall, wind and tidanmonitoring to predictf it is safe to swim at aumber of Hauraki Gulf
locations.These predictionsould beutilised by selecting locations where shellfish are
frequently harvested and calculating thember of daysvhen it wasunsafe to swinas a
proxy for shellfish edibilitysgfeswim number of days unsafe swim) (Figure22). While this
information would be freely available, its relationshipactualshellfish contamination is
unclear.
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Figure22 Example of water quality information available from the safeswim website
(https://www.safeswim.org.nz) illustrating a do not swim warning (due to sewage overflow) at Judges
Bay. The number of days with high risk or do not swim warnings for sites where shellfish are harvested
could form a potential indicator to inform about shellfish edibility.

LYLX SYSyidle2y 2F YIyNSSKVEFR  FRUXFRFNREAR Y 3
As for the Protected specié®cal Componentonsideration of metrics relating to the
management and monitoring of fisheries (and consequently fish populations) are described in
a specific sectiobelow. This is again because the management and monitoring of fisheries is
already well established, so specific metrics relating to the management and monitoring of
fisheries can already be considered. Alternatively, the management and monitoring of other
components of the Hauraki Gulf Fisheries Plan are lesblished, so a picture of what

metrics could be associated with those components is less clear. As a result, management and
monitoring metrics for the Hauraki Gulf Fisheries Plan as a whole are considered at a more
generic levein a subsequent section

CAAKSNE YIyl@BWBYG ljdza t Al

Many aspects of fishery management are spatial in natdsdery restrictions (whether

initiated throughRevitalising the Gudir not) will likely not apply to the entirety of the Hauraki
Gulf. Given this, metrics that describe the overall proportion of the Hauraki Gulf where certain
activities are permitted or prohibited could be an effective way of communicating the level of
protection afforded to Hauraki Gulf fishery resources and supporting habitats. Such metrics
are unlikely to change with gre&equency butdo contain valuable information that could be
communicated as statements of fact (as opposed to the figures or plots that will likely be used
to communicate more dynamic indicators). Some potential spatial metrics to consider include:
(1) % of the Hauraki Gulf where fishing is prohibitéde., marine reserves, HPAs or cable
protection zones)(2) % of the Hauraki Gulf where the seafloor is protectiedm bottom
contacting fishing methods such as trawling, Danish seining and dredgjifg of the Hauraki

Gulf where Ahu Moana management measures are in place
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It is important to have metrics which communicate the success and quality of fishery
managementFNZcurrently assesses individual fish stocks or populations against management
reference points (targets, soft and hard limits) as described by the Harvest Strategy Standard
(MPI1 2008) The performance of fishery management can therefore be measured against these
reference points. For exampl8hin & Shannon (201€gport on an index of sustainability

where the proportion of norfully exploited stocks is calculated. In New Zeal&Ncurrently
reports on a similar metric, thé of stocks above the soft limfFisheries New Zealand 2024)
(Figure23). This would be an informative indicator about the overall performance of fishery
management that is relevant to the New Zealand context (i.e., the Harvest Strategy Standard)
and comparable with indicators already in use. An important caveat, however, ighthat

metric does not include stocks that have an unknown status, so by itself could potentially be
misleadinglt may also be worth reporting th& of stocks with unknown statugn developing

this metric some consideration of which stocks to inclwdrild need to occur as it is likely

that there will be a number of stocks that are within the QMS, but where catch is minimal (and
so the threat posed by fishing is also minimal). Including thmsecatchstocks in calculations
could unduly deflate the % ofacks with known status, so some cut off (potentially 10 t, as
applied within the National Inshore Finfish Fisheries fffasheries New Zealand 2022b)

would need to be incorporatedilternatively these metrics could be reported for the top 20
stocks (based on Hauraki Gulf catebight). In addition, onsideration of the spatial scale of
assessments would also need to be undertaken, as the Hauraki Gulf will not align with the
spatial definition of the QMAs or population units being considered. The simplest approach
would be to use the stock status fdre QMA that the Hauraki Gulf falls within even if it is

much larger than the Hauraki Gulf. Where thaurbki Gulf falls across two stocks, the stock
status of one would need to be used.

# stocks
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Figure23 Time series of New Zealand fish sto@fthosethat were assessed) which weabove the soft
limit (reproduced from Fisheries New Zealand 2084jimilar % of stocks above the soft limit indicator
could potentially be developed ferauraki Gulf fish populations.

With regard to the quality of fishery assessments that are applied to the various fish species in
the Hauraki Gulf, one way of measuring this is to describe the stability of the fish populations
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in the Hauraki Gulf. This can be done by calculatingtiefficient of biomass variation over

the last 10 yearsas conducted bghin & Shannon (2010pne issue with this approach,
however, is that biomass can vary due to environmental fluctuations or strong recruitment
pulses, as was observed for Hauraki Gulf kahgWatitill & Doonan 2022)An alternative could

be to ue the assessment quality categorisations th&{Zapply to stock assessments. Briefly,
each assessment th&NZconducts is categorised from Level(fully quantitative (Level 1),
partially quantitative (Level 2), qualitative evaluation (Level 3), and low information evaluation
(Level 4)JFisheries New Zealand 2023A)metric relating to assessment quality could

therefore be developed to represent thé of Hauraki Gulf fish stocks that have a Level 1 or 2
assessmen(i.e., at least partially quantitative)

Another aspect of management quality relates to the frequency with which stocks are
assessed. A suitable metric could simply beawerage number of years since the last
assessment was conductddcross all Hauraki Gulf stocks with more than just a nominal
catch). One issue with this metric, however, is that assessments are not always performed
when stock biomass is understood to be high. This issue would unduly inflate a metric that
described tle average number of years since the last assessraother metric also
considered is th&o of Hauraki Gulf fish stocks that have catch limit reviews or with new
science informationAs per theaverage number of years since the last assessntieatutility

of understandinghe % of stocks witkatch limit reviewss not clear because theye not
appliedon a routinebasis

A management quality metric that has been used elsewhere relates tmttiesic

vulnerability of the species that are being landéshin & Shannon 201 ssentially each
species receives a vulnerability score based on its life history characteristics. These
vulnerability scores are then weighted by the landingsfiosespecies, and averaged across
all species caughthis metric has the potential to provide an indication of the overall
vulnerability of all fished species in a practical way that does not require detailed information
about stock status and that is comparable to metrics used elsewhere.

Two other metrics that were considered included #eof stocks that have Hauraki Gulf

specific management settingsaand the% of stocks with localised depletion concerns

Regarding the Hauraki Gulf specific management metric, the Hauraki Gulf has not been
designated as its own Fishery Management Area (FMAjagement measures or settings for
individual fish populations within the Hauraki Gulf will likely be part of the measures or

settings that apply to those fish populations across a broader FMA. The scope for Hauraki Gulf
specific management settings is tieéore more likely to apply more generically than to

individual fish populations, through spatial management measwuch as trawl corridors or

HPAs. Ahu moana areas could potentially apply species specific management measures, but it
is too early to tell what the management interventions that will arise from Ahu moana areas

will be.

With localised depletion, the difficulty here is defining which stocks have localised depletion
concerns. This would likely require monitoring conducted at a reasonably fine spatial scale, or
some form of area of occupation analysis of commercial catch @ described in the Fish
populationFocal Componergection above). Recommendations to describe the spatial
distribution of some fish species (some of which have localised depletion concerns) as detailed
in theresearch and monitoringection could semr as a more focussed way of describing these
concerns.
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Understandindhow recreational, customary and commercial fishers comply with fishing
regulations in the Hauraki Gu# highly relevant becaussmpliance is needed for fishery
regulations to be effective, and becausempliance demonstrateactive engagement with
management. Complianaeetrics have two main aspects, the amount of effort that is being
expendedo identify noncompliance and the anount of non-compliance that is occurring.
These metrics can be monitordisrough theon-water compliance interiews conductedy
fishery officersandusingcamera monitoringwhich is currently being rolled out across the
commercial fishing fleet.

Some potential metrickom fishery officer interviews include number of inspectionand
the % noncompliancefor those inspectiongwhich covers both recreational and commercial
fishing) Thesemetrics would be cost effective as fishery officers already recobaibliance
interview detailswithin a georeferenced@ompliance databas@hese metrics are available
now and specifiaspects €.g.,HPA compliangecouldalsobe calculatedin terms of utilising
camera monitorindoften referred to a3V RA I A G | f), theg Wrkaindnkdr of different
metrics that are possiblé8ecause not all commercial boatse equipped wittcameras
understanding théb of fishing eventsvith cameraswould be useful.

Not all the camera footage collectedhowever,is reviewedreview of footage is targeted to
where specific aspects, such as protected species interaction, is more, ldeymetric
describing the% of camera footage selected for reviemould also be usefuFinally, the
number of norcompliant events per dagould also be obtaineftom camera footage
reviewed.Each of these metrics could peoduced for eacltommercial fishing method or
different spatial zones within the Hauraki Gulf if needed.

CAaKAY3 LINBaadz2NB

Fishing pressure metrics describe the level of exploitation that fish populations are exposed to.
As fishing pressure increases, the biomass of those fish populations may therefore be expected
to decrease. A number of different aspects of fisheries coaldd®d to describe fishing

pressure, including the number of fishing vessels, the amount of fishing effort (or effort
intensity), catch, or the ratio of landings to biomass. hteh to biomassatio (actually the

inverse of that ratio) was used I8hin & Shannon (201&) describe fishing pressure. While

this metric is therefore internationally comparable, it has limited scope, in that it can only be
applied to the species for which there are biomass estimates. For the Hauraki Gulf such a
metric would exclude importarépecies that have not had assessments accepted (e.g.,

trevally) or those that were assessed using CPUE analyses (e.g., John dory and red gurnard).
Total catch(t) of all fish species may therefore serve as a simpler and more broadly applicable
metric (andcould be expressektlative to TAC|Figure24). Conversely, the main issue with

catch, however, is that it is not standardised, so it will be vulnerable to fluctuations in biomass,
which are known to occur especially for pelagic spegiestill & Doonan 2022Y0ne option

that may partially ameliorate this issue would be to report total catch by method (e.qg., trawl
catch, bottom longline catch efc For recreational fishing, the total annual catch should be

able to be reported by using a combination of National Panel Survey and boat ramp creel
survey harvest estimategHartill et al. 2020b, Wynné&ones et al. 201$)nd as described

above).
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I 2017-19
I 2020-22

Figure24 Commercial catch (for fishing methods that caught more than 50 t) of finfish in the Hauraki
Gulf Marine Park between 204¥7 and 201819. A total catch metric such as this could potentially be
produced annually (and could also incorporate recreationallcas well). Data supplied by FNZ, figure
reproduced fronHauraki Gulf Forum (2023)

Fishing effort is another potential way of describing fishing pressure. Effort was briefly
discussed above, but mostly from the perspective nfimber ofvesselsnetric to describe
commercial fishery financial viability, as welltasl recreational fishing effort(humber of
trips). As already discussed, effort can be highly influenced by a variety of varigisles.
possible that effort could become somewhat disconnected from fishing pressure because
catch rates can change through variation in fishiffigiency or fish availability. It is also not
really possible to combine fishing effort across methods in any meaningful way, because the
forms of effort are so different (e.g., hooks set vs km trawled vs pots lifBidgrent effort
variables would be needed for each method. One option would be to convey efffishay
intensity for each commercial methodoy dividing the effort unit by the area within the
Hauraki Gulf where that method is permitted (e.g., hooks pet, kmaggregate area swept per
km? etc.). These intensity metrics, however, will not change the relative pattern of an effort
time series, but theyvould provide some spatial context for the use of each particular
method.

Intensity is particularly relevant for towed fishing gears, because effort associated with these
methods is not just related to the amount of fish that are caught, but also the amount of
seafloor that is contacted (which can impact habitat complexity shgiports fishery

resources). The extent and intensity of bottom contact by trawling and shellfish dredging is
described on an almost annual basisHNZ although no separate estimates are made for the
Hauraki Gulf as its own spatial unit (but this woudddwssible]MacGibbon & Mules 2023)

The metric most relevant is likely tlaggregated area of seabed contacted by trawl and
dredge gearswhich could then be divided by the area of the Hauraki Gulf available to those
methods, to create trawl and dredge intensitetrics(Figure25). Adjustments would need to

be made to the area available to these methods if restrictions such as trawl corridors were
implemented. No estimates of the area of seabed contacted by Danish seine gear are currently
calculatedMacGibbon & Mules 2023Panish seine reporting did not previously have spatial
information beyond statistical area, but since the advent of electronic reporting all Danish
seine effort is reported by event with spatial details. A new analysis method, however, would
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need to be developed to describe Danish seine bottom contact (door spread and tow length as
applied to trawl bottom contact analysis are not immediately transferable to describe Danish
seining)(D. MacGibbonNIWA, pers. comm.)
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Figure25 Annual estimated aggregate area of bottecontacting trawl effort for All stocks, Deepwater
stocks, and Inshore stocks between 1990 and ZBREGibbon & Mules 2023)\n indicator similar to
this could potentially be developed for trawl and dredge effort conducted within the Hauraki Gulf.

An additional metricof publicinterest,relates to the amount of discards from commercial
fishing.In deepwater fisheries observers are used to estimate disqards, Anderson &
Finucci 2022)but observer coverage is too low in inshore fisheries for this to be possible.
While cameras are rolling out across the inshore fleet, they are unalgeantifynon-QMS
discards. However, commercial fishers are required to reporintbight of undersized fish
released(e.g., separate species codes for under sized snapper, SNX, and taraKhiThe
proportion of catchthat ismade upof undersized fish which are subsequently releasdt
however, be heavily influenced by the amount of recent recneitt, so it is unclear what this
metric actuallycommunicates

What isapparent when considering metrics to describe fishing pressure, isthadtential
metricsare likely to be influencetly multiple variables, so a direct relationship between a
particular fishing pressure metric afidh population abundance may not always be possible
or straightforward Initially, investigating the relationshipgsetween potential fishing pressure
metrics, fish population abundance and other influential variaklesld be prudent.

Ultimately, the metrics chosen to describe fishing pregs(and the other relatedey

Attributes above) will need to try and achieve a balance between providing relevant detail that
is of value to public communication, minimising the number of metrics chosen so as not to
duplicate or overwhelm, and avoiding metrics where it is not clear what they ar
communicatingln the shortterm, total catch (potentially by fishing method) may be a simple
way of conveying fishing pressure that is more directly connected to impacts on fish
populations. Additional metrics desioing the intensity (aggregate area) of bottom contact
fishing gears would also be of high ecosystem and public relevance.

70



Inclusive and integrated participation in fisheries governance
Tangata whenua

To effectively undertake EBFM FNZ and other resource managers will need to align diverse
knowledge stream§Alexander & Haward 2019, Reid et al. 2Q02hy one of the most

effective and respectful approaches is to maintparallel lines ofndigenous andvestern
scientific inquiry(Tengo et al. 2014Pespite this recognitiorsuccessful examples of
implementation especiallyn afisheries contextare uncommor(e.g, Cooke et al. (2020)

Laidler (2008) In this report we adopthe wakataurua fouble-canoe) framework where two
waka/canoes (each representing distinct knowledge systems) are lashed together for a
common purpose (e.gMaxwell et al. (2019) This approachecognsesthat there are

inherent diferencesn both approachesandassumeghat both knowledgesystems values

and actions aréndependent As a result, two sections of this report assess indicators related
to tangata whenualn the present section we discuss indicators related to the resourcing of
and capability building for iwi and hafpy FNZ and other Government agencies in the context
of fisheries management in the Hauraki Gulf. Whereasitte{ | LI a2 y Il &Tot S a2l y I
¢ Mana Maanasection below describes a framework and associated indicators to enable and
identify critical levers for mana moana to exercise their rangatiratanga (chieftainship, right to
exercise authority) within their rohe moana through the prism of EBFM.

¢CKS / NRgyQa 20f A3l GA2Yy A ( 2re detoht thioygRa rambariefh.  O2 y 0S|
pieces of legislation, including the Fisheries Act 1(@88v Zealand Government 1996jhich

sets out to enable tangata whenua input and participatioio fisherysustainability proposals
andconsultationto ensure thatkaitiakitangas provisioned for.

To facilitate this FNZ have worked closely with iwi anchiapnitiate the establishment of Iwi

Fisheries Forums throughout New Zealand. These collectives of kaitiaki amthbagbers

LINEGARS | F2NXNIfAASR LI I GF2NY F2NJ RAFE23dz2S | yR
commercial fishers and FNEhese forums often also allow for more streamlined applications

using the Kaimoana Customary Fishery Regulatidaw Zealand Governement 1998)ch as
YnlilAlGFEAD / dINNByidte mn adzOK F2Ndzya SEA&G Ay bSq

One of the goals dRevitlaising the Gulfias to establish a Hauraki Gulf lwi Fisheries Forum
(New Zealand Government 202b)provide a platform for iwi and hapu can to actively
participate and advise fisheries management. Currently, a Hauraki Gulf Iwi Fisheries Forum is
still in development and may be some time away from being formed. Until that point a more
useful indicatotto describe tangata whenua participation in fisheries management could be
the proportion of Hauraki Gulfiwi or hap representedat Hauraki Gulfwide fisheries
wananga and hui Often tangata whenua participation at fisheries related hui (evgrking
groups, specialmanagement area meetings, fisheries stogkiews and research meetingis
limited by capacity and the topic of the meeting. By tracking the proportional representation
of Hauraki Gulf hapor iwi (rather than individual attendees), FNZ has an opportunity to
engage specifically with those hapr iwi that are underrepresented. Further, the attendance
relative to specifichapl YR A 6A Qa NRKS OFy 06S ARSYGAFASR® C2 N
focussed on management issues relevant to theerof a hap or iwi that were not
represented this could be identified as an opportunity for improved communication and
increased resourcing.
I AGF AT nhui ex:hddnéﬁd td beé Rowdtdul mechanisms to achieve
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2018) Voluntary closures, onhui, to maintain the health or mauri of their whenua (land) and
moana (ocean) have been practised by tangata whenua for genergttamsvell & Penetito

2007) These temporary closures are placed by kaitiaki, elders or leaders in response to
reductions in kai moana species, a shift in the health of an ecosystem, or a death in the area
(Taylor et al. 2018)Tanpure and nmtaitai are permanent fishery protection areas that limit

the amount or method for fishing and harvesting within an area that is of special significance
for iwi in relation to food gathering and traditional fishing. An imttic that monitorsthe

number or aea of Hauraki Gulfin voluntary customaryfishery closurecould be a useful

metric to understand the level of concern by iwi for their rohe. Although these closures and
management tools are applied at localised scales, an overview @ftire area in closures

would be informative with respect to the level of engagement with fisheries management over
time and the amount of the Hauraki Gulf where public access to fisheries is restricted.
However, there are challenges with voluntary clasjmwhich can be ignored or go unnoticed

by the general publiMaxwell & Penetito 2007)To this end, there may also be value in an
additional metric that addresses customary closures provided for through Section 186A of the

Fisheries Act 199@\New Zealand Government 199@g., mhui,( | A n LIdzZNB ) @& Yn dF A4 A

numberor area of customary fishery closures through Section 186A of the Fisherig@s Act
(Figure26). Forboth of these indicators above, however, it is important to note that the area

or number of customary fishery closures (both voluntary or through the Fisheries Act 1996)
could be driven by multiple different factors. For example, greater iwi capacity and
engagement with fishery management (and willingness from the Government to work with

iwi) could lead to more closures. Alternatively, degraded fish population abundance could also
lead to more closures independent of the level of engagement with fishenagement.
Interpretation of these metrics could therefore be problematic.
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QOutcomes of applications to have Rahui recognised through closures under
Section 186 of the Fisheries Act

2020-23

ziskn]
East Coromandel Outer Gulf islands
Ngati Hei Trust Motairehe Marae

Tikanga Dec 2020, Active application
Endorsed by Minister in Sep 2021. ~yet to be decided.

Waiheke Island
Ngati Paoa Iwi Trust

Tikanga Jon 2021.
Endorsed by Minister in Dec 2021.

Addition: h

Figure26 The area of the Hauraki Gulf inhui through Section 186a of the Fisheries Act 1996 in 2023.
Reproduced from the Hauraki Gulf state of the environment report (https://gulfjournal.org.nz/wp
content/uploads/2023/08/SOEBNIline.pdf)

HGMP

Thenumber of customary authorisations issudxy tangata kaitiaki is a metric of potential
relevance to tangata whenua. This metric was discussed unde&dbmeconomic value of
fishery components (customary valuggy Attributeabove and containsqgiential issues with
interpretation and data confidentiality.

FNZ is legally obliged to seek feedback from impacted stakeholders when making fisheries
management decisiong(g., see
https://fs.fish.govt.nz/Doc/21817/consultation_standard%5B1%5D.pdf adfor many
stakeholders and community members, this opportunity for input may come toward the end

of a process where requests for submissions related to a suggested management decision are
called for. However, there is an additional obligation to enstied tangata whenua are

involved throughout the decisiemaking process. Theumber2 ¥ NB a LGPl yf af Sia  Fii22NJ
a4 dzo YA & NEXWAK | Al y R is’a nétric for which data already exists (K. Lister, FNZ,
pers.comm) in the form of submission reports. However, it would be important to make a
distinction between individual submissions and those made on behalf of &agb iwi, which

could be challenging. Further, many FNZ management and sustainability decisions are made at
the fish stock level, which are efh at spatial scales larger than the Hauraki Gulf. In addition,
because tangata whenua should be involved throughoutdbeisiormakingprocess, this

should infer that the rate gbpost hocsubmissions on fisheries management decisions by

tangata whenua should be low.
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Stakeholder satisfaction with fishery management is a major driver of stakeholder

participation in fisheries decisiamaking processe&offey 2005, Msomphora 2015, Salas &
Gaertner 2004)An indicator that describegangata whenua attitudes and values associated

with fishetly management couldtherefore be a usefulvay of describing metrics such as
satisfactionwhile alsoprovidingcontext around other potential indicator®.g.,including
participation in fisheries related hui and wanang#e rate ofresponses to FNZ calls for
submissionand the number oBectionl86a closure applicatiopsTo establish anetric to

describe tangata whenua attitudes and values a survey questionnaire would need to be
developed and implemented. Such a survey should consider the values, framework and
indicators presented in the secticaddressing o { | LI+ a2 y I &ToixMana 2 | y Iy dzA
Moana below.Such a survey would likely require significant investment to build trust and
relationships between FNZ and key tangata whenua to ensure consistent participation.
Consideration should also be given to the delivery of these sukashi ki te kanohi to

increase engagementrustand uptake When the Hauraki Gulf Iwi Fisheries Forum is
developed, the survey could be distributed to the forum members as a core respondent group.
To reduce potential bias that can arise from questionnaire surveys, the design and structure of
guestions included shdd be carefully considered, utilising advice from social scientists and

the experience of previous/similar survey approacfeg., Msomphora 2015)

Community

EBFM is an approach that not only considers the ecosydiatralso the community
depending orthat systemand ther associatedralues.Commurnity and public participation are
key ingrediens of good governance anare particularly relevant to the development of EBFM
(Berghdofer et al. 2008)Ihere are many advantages of involving stakeholders decisiaking
procesgsincluding thedevelopment of acommon understandingf issuesbuilding strong
relationshipsgstablishing trust, resolving/avoiding conflicts, increadioth parties
responsibility and accountabilitg,higher level ofacceptance of management policies and
decisions, and more effective enforcement of ru{dsntoft 1989, Kapoor 2001, Pita et al.
2010) Involving resource users in the fisheries management decisi@king process is not a
new approach

Globally social,and scientific research recogngthat community and stakeholder

participation infisheriesprocesesis essentia(Coffey 2005, Mikalsen & Jentoft 2008)

However, most literaturalso suggests that often stakeholders are not satisfied with their level
of participation and influence the decisiormaking processs(Pita et al. 2010)In the

European Union the topown management of fisheries has been identified as one of the main
barriers to stakeholders feeling that they can play a meaningful role in decision making and
policy(Msomphora 2015)Hsheries management processes are often characterised as being
only partially open, i.e., due to commercial or privacy interests not all information can be
shared with key stakeholders or the community. This perceived lack of transparency can create
an atnosphere of mistrust (Mikalsen and Jentoft, 2008). Throughout the development of the
indicator suiteas part ofthis project community members and groups have expressed that

they have similar concerns regarding their ability to participate in fishemmsagement

processes in New Zealand. They cited some of the major challenges being the lack of ability to
maintain long term engagement due to resourcing and investment shortfalls, a lack of
champions to push forward the process and misalignment of expiengbetween partners.

FNzhas a range of tools and pathwayhich aim to enable the involvement of stakeholders in
fisheries management decisianaking processs These range frormvolvement in research
and local enforcement or managememtdvisory functioa including review of research and
participation in technical advisory groups or working gro@sl feedback into fisheries
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management decisions (such as adjustmenth&TAQ. We suggest that using data related to
one of these tools, namely the submission or management decision feedback process form the
bases of useful and informative indicator @2 Y'Y dzy A 1 & | Yy R LJdzo® MaOK SN 83 S Y
YEyYyF3SYSyd | ONP aThenimies2 T | NIEBNG 102k yE DS Fi22NT NMBI26 YA & 4 A 2
Chb %08 ¥ Ydzy A ( & is & Srxight®iErd metric for which data already exists (K. Lister
FNZ pers.comm). Public submissions are madeadable byFNZafter they have been

incorporated into management decisiomsthe form of submission report3 hese reports

include details of the submitter, the proposal relevant to the submission and the submissions
itself (e.g.,https://www.mpi.govt.nz/dmsdocument/59164€LublicSubmissionfRReceivedor-
the-2023-OctoberSustainabilityRound). Although the data is readily available there are a
number of challenges associated with making it relevant to fissananagement in the

Hauraki GulfFor example, mny FNZ management and sustainability decisions are made at

the fish stock levels which are at spatial scales larger than the Hauraki Gulf. Further, many
submissions are made on behalf of multiple parties by advocacy groups or using standardised
submission templates whicgllepending on format, camake data extraction more

complicated ldentifying submissions that are spatially isolated to the Hauraki Gulf will be
challenging and may require manual sorting of the submissloissalso important to note

that different sections of the community will have differing demographics, resourcing,
awareness, and satisfaction with fisheries management, which will likiencestakeholder

ability to engage with the submission process dhd fisheries decision making process
general(Msomphora 2015)

Fish stocks are shared resources #ndsource scarcitincreases oenvironmental issues are
highlighted public awareness of, and interest in, fisheries issumifisalsoincreaseMikalsen &
Jentoft 2001)One way this increased concerauld beevidenced ianincrease in the number
andmembershipof community advoacy andselfmanagemengroups.In the HaurakiGulf
community groups, organisations and individuals have critical influence on fisheries
management and governance. Groups sucheggaSea and the New Zealand Sport Fishing
Councilhave been major contributors to recent legal decisions regarding the lawfulness of
fisheries management decisions. Other groups and individuals have championed restoration
efforts such as the reestablishment of grelgpedmussel beds around the Hauraki Gulf
(https://lwww.reviveourgulf.org.nz). Althougha metric measuringhangein these community
groups could be usefuhere we suggest thathe number of multistakeholderfisheries
advisory groups active in the aliraki Gulf as an indicator with more potential utilitfor EBFM
in the Hauraki Gulf. Thisliecauseactivemulti-stakeholderfisheries advisory groups are not
onlyameasure ofecreational or community participation in fisheries manageméent also
the level ofvalue that FNZ places on these grotip®ughtheir involvementn fishery
management processeAn example ol potential multi-stakeholder fisheries advisory group
couldbe a grougormedto advise on the creation of Special Management Aierdbe Hauraki
Gulf(Fisheries New Zealand 2023Hpwever, manynulti-stakeholder fisheries advisory
groupsare project specific and short lived which is a significant arttfeattcould influence
longterm trends,potentially making this indicator problematic for inclusion in the EBFM
indicator suite.

Research suggests that stakeholder satisfaction in fisheries managéetieaprincipal driver
of therate of stakeholder participation ifisheriesdecisionmaking processs(Coffey 2005,
Msomphora 2015, Salas & Gaertner 20@4)houghtrends in fisheries submissions are
relatively straightforward to analysee suggest that they will be more informative and
relevant when combined witimetrics describingtakeholderattitudes and valuesAn
indicatorbased orcommunity attitudes and values towardéisheriesmanagement as
measured by a surveguestionnairewill more accurately identiffhe motivationand drivers
of participationin fishery management processes whiohymore accurately reflect
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community concerndMany of the considerations for this metric would be similar to those for
the similar metridocussed on tangata whenua attitudes and valuesdiscussed abovéo
that end, he development osuch asurvey shoud considerthe mostfrequentlyencountered
hurdles for community participation and inclusion in the management pro&sseys will
likely require careful consideration of tlteemographics of Hauraki Gulf communitaasd be
conducted at regular intervals to identify shifts artthogesin community values and
satisfaction. Consideration should be given to the afsgcaled metricssuch asubrics or
multi-choice questionsand design could benefit from consultation wihcial scietists. These
surveys could be circulated to existing community groups or as part afotheultation
process, e.gresponsdetters could be sent to submitters and include a link to the survey.
Example®f surveys used in similar contextave beerused byMsomphora (2015and
Gelcich et al. (2009)

Government

FNZ areesponsible for the management of commercial, recreational, and customary fisheries
resources in New Zealari@errard 2021)Since 1986 the QMS has been used to matiage
sustainabilityofb S & %S ffish anyg $hallfish speci¢kock & Leslie 2007yheQMS

continues to underpin how fisheries in New Zealand are managed, providing a foundation for
fisheries management now and into the futuiutwith the move towards EBFMere is a
greaterneedto incorporate societal values and goalihin this mae holistic approach to
managemen{Gerrard 2021)To achieve the potential benefithat EBFMcan providegreater
supportofit KS O2YYdzy A (ie Iayidgreaencalaibratibovitdbtyes NE&
Governmententities with responsibilities for the marirenvironment(Figure27) will be

required Themetricsproposed belowhave the potentiato track progress towarsithis goal of
more collaborative fisheries management in the Haui@if.

Fisheries NZ / Ministry for the
Ministry for Primary Environment
Industries

V2 N,

4 Sustainable .
use of
fisheries
resources

monitoring N\ '|'| based

Y
and p impacts
N,
‘.. reporting e W
* ‘s~-_,—'
Threatened species
Biodiversity

Marine Parks and Reserves

~
e

Department of Regional
Conservation Councils

Figure27 Responsibilitie®f the differentGovernment agenciescrosshe marineenvironment and
fisheiiesin New ZealandReproducedrom Gerrard (2021)
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Monitoring theaveragenumber of years sinckast update forHauraki Gulffisheries
indicators (i.e., the frequency at which chosen indicators are updateauld bea cost
effective and informative metridetailingFNZgprogressowardsadopting, communicating,
and monitoring the indicator suitandreflective of the understandng of values expressed by
the stakeholdersvho hadcontributed to thedevelopment of these indicator®nce the
indicator suite is establishedhtareflectingthe frequencywith whichindicators are updated
would be straightforward tapdate

Although FNZ has authority over fisheries resources and actitltissnanagemeninusttake
into accountprinciples regarding the impacts of fishing on the maengironment(Gerrard
2021) EBFM will require a collaborative approdoleffectively manage and protect the wider
ecosystem, landbased impacts and biodiversity within the Hauraki @eikheries New
Zealand, 2023cBy building relationships withe key regulatory agencies includitige DOC
the Ministry for the Environmenand Regional Councils, FNZ will be able to work toward
integrated management of the complex issues that affect the health of the Haurakaliifs
fisheries In terms of monitoring the progress to collabticl between FNZ and other
management agencies, intuitive and informative metrics inclimeproportion of fisheries
projects that are multiagency or with local governmerandthe number of interagency
fisheries publications and research outputs for the Hauraki GBUith of these metrics are
practical and costféective despite thdact that historic baseline and ongoing data collection
methods would need to be establishddata collection could bé the form of attendance
demographics aturrent and preious meetings, workshops, hui and wanangiated to
fisheries management, th&tructure and number of fisdries projects with one or more key
agency in a lead role @nline search engine data extraction for papers and publications
related tofisheriesmanagement in the Hauraki Gulf with one or monanagement ageries
as a funder, author cacknowledgedi.e.,Researchgatgsoogle ScholguThe most significant
challenge with both indicators will be placing boundariesuad what is considered a
WFAAKSNASAEQ KNRBt& SNZperslcomi), ahdimpatidtyisolating effort to the
Hauraki Gulf area.

FNZ have identified that aligning with and understanding different knowledge stredtins
westernfisheries management is a key priority for the Hauraki Gusheries New Zealand,
2023c) This sentiment was reflectday co-development partnersluring thedevelopment of
the indicator suitefor the current projectOne of the metricer indicatorsmost citedby the
co-developmentgroupwasthe consideration ouse of local and indigenous knowledge in
fisheries managementDespite recognition of the valu® indigenousknowledgein
understandingaquatic ecosystems arfishery managemente.g.,BennettJones et al. (2022),
Clapcott et al. (2018), Memon et al. (200)3he practicalities of collecting data to inform this
indicatorare challenging. The definition of local and traditional knowledge in a western
governance contextan be subjective, and how to align two different world vievithin a
legislative framework can be challengiMye suggest that using a combination of more
guantitative indicatorsas aproxy for the use of local and indigenous knowledge in fisheries
managementould informchanges in thalignmentof fisheries marmgement withlocal and
indigenais knowledge in a more consistent way. For example, nsdtradt measure the
investment by FNZ in EBFM developmentd alignment with local knowledgeuldinclude
FNZfunding forcommunity-basedfisheriesmanagement groupsprojectsand research in the
Hauraki Gulf. Some of the pathways f@ommunityparticipationandfisheries management
researchsupported by FNificludeco-management groups (e.gjuota owners, central and
local governmentnon-Government Orgnisations community spokespeopl@ndrecreational
selfmanagement groupMemon & Kirk 2010FNZ may support communities by participating
in, or funding these groupand the research outcomes or projects that may arise from them.
Whileit would be possiblguantifythe level of budgetarjunding andfull-time equivalents
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employmentallocated to these projects and groygkere would besignificantwork involved
in the extraction and interpretation of the relevant information specific to the Hauraki Gulf.

FNZhas both legislative andoluntary pathways to facilitatadgheries cemanagementwvith
mana whenuareturnrangatiratanga (governance, chieftainship, skdtermination) and
acknowledgehe rights of tangata whenuéBennettJones et al. 20225ome examples of
these pathways includthe legislativesupport of the development and management afgi,
¢ AnLJzZNB I yR astlblishadiusingectioGL868 dIMS Fseries Act(Jackson et
al. 2018, Memon et al. 2003\nother example is theontractualrequirementset byFNZfor
allfisheriesresearch providers tacknowledgeraditional ownershipof fisheries resources
andhow to align their research withf n (i I dzNheyahtial change iesourcingallocated
to build tangata whenua fisheries management capacity by FA valuabléndicatorfor the
regardand alignment of fisheries management withn (i | dzNJ- taditionalkyoRledge
These dataouldbe extracted for both previous, current and near future investisdog
analysing-NZzZ(and otherGovernmentagencybudgetand employmentnformation (K.Lister,
FNZpers comm)and by its nature is of high public importance and understanding

Implementation of management and monitoring of the Hauraki Gulf Fisheries Plan

Asmentioned in the Introduction andt the beginning of th&kesultssection it is important to
develop indicators which detgirogress made witthe implementation oimanagement and
monitoring aspects oRevitalising the Gudswell asdeveloping indicators that descrilike
status of the fishery system itseFor example, a management implementation indicator
might bethe % marine protection in the Hauraki Gulf, whereas an associated status indicator
would be the relative abundance of fish in protedtes. norprotected These implementation
indicators are important because they provide transpareasyo whether the commitments
of Revitalising the Gulfaveeventuated, which isnecessary for change in the fishery system
itselfto occur.Below we considethree indicatorghat might provide ahigherlevel
assessment of progress made towards the implementatiomafhagement and monitoring
commitments ofRevitalising the Gudndthe Hauraki Gulfishery plan

The first option relates tthe Management Actions in the Hauraki Gulf Fisheries (Fiaheries

New Zealand 2022bYhe completion of these management actions could be documented and

averaged for each component of the Hauraki Gulf Fisheries Plan. Due to the nested structure

of the Hauraki Gulf Fisheries Plan, each of these components could be subsequently averaged

up to provide an overallb of management actions achievestore at whatever level of the

Hauraki Gulf Fisheries Plan that was desired. These % management action complete scores will

be directly comparable to other aspects of the indicator framework desctileee because

the higher levels of the framework were intentionally aligned with the Hauraki Gulf Fisheries

Plan. Assessing completeness of each management action may not always be straightforward

and may be somewhat subjective. For example, while some gamant actions will be

SELX AOAG &Saky?z2 aaSaayvySyida o6Soaovr a9EOf dZRS 062
Y2NBE @ 3dzS 6SPIPE 4Gt NA2NRGAAS 20aSNIWSNI O20SNIF 3¢
could be addressed by using a traffghliapproach, where each management action is

FaaSaasSR (2 0SS SAGKSNI aO02YLX SGSE€3 LI NGAKEE& O
consideration is that one of the principles of EBM is adaptive managefHetitt et al. 2018)

A cumulative increase through time in the percentage of management targets complete would

not be compatible with this principle. Rather, management actions should be updated and

modified as new information becomes available and societal perspectivegeh@he

percentage of management actions complete should consequently be refreshed as the

management actions themselves are updated. FNZ currently updates management actions on

an annual basis already by producing an annual operational plan for the H&udaki
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Therefore, the% of management actions achieweduld be better connected with this
operational plan than the Hauraki Gulf Fisheries Plan.

Asecond would béo document the amount spent (by Government departments as well as
Auckland Council and Waikato Regional Council) on management and monit@ring
Government operational budget ($) associated with each component ofttaeiraki Gulf

fishery plar). This may require some apportioning of individual monitoring projects where only
part of the project is conducted in the Hauraki Gulf or is relevant to fishefines should be
possible but may not be practical

A thirdoption is to document the frequency of relevant monitoring. This frequency could be
documented as the number of years since the last monitoring event averaged across relevant
monitoring aspects. This is likely to be more complicated than documenting tbargrapent

on management and monitoring. This is because there will be a much larger number of
individual monitoring components that are relevant to the Hauraki Gulf Fisheries Plan. For
example, the assessment of one fish species alone may havplmtime series that are
monitored; each of these would be relevant to the Hauraki Gulf Fisheries Plan. As discussed
above in the Fisherlyocal Componenin some cases monitoring frequency may also be
uninformative. A potential solution could be to wait uriRévitalising the Guthonitoring
commitments have been finalised, and then pick a number of critical monitoring components
(ensuring coverage acroddferent aspects othe Hauraki Gulf Fisheries plan). Therage
number of years since monitorinfpr key components of the Hauraki Gulf Fishery plasuld
subsequently serve as an overall headline indicator related to monitoring.

¢col LI a2l yl aTddMamaBloaya Yy dzA

A criticalcomponentof this project was to support the integration of iviy R K LJh Ay G SNB A
within the indicatorframework.¢ KSNB N8B YlIyeé AgA |yR KFLRQh 6A0KA"
Moananuta-Toi, the Hauraki Gulf. At tHeeginningof this project a iwireference group was

establishedthe MMAG, as referred to in the Methods abov&hisgroupwas comprised of iwi

leaders from acrosthe Hauraki GulfMany of whom had advised on and been deeply involved

with Tai Timu, Tai PagiSeaChangéSea Change 201 8s well agnatters relating taheir own

iwi fisheriesTK S (1 SN W Yhasybeen Ysetlergdsdn extension of mana whenuss

it encompassesth®2 yy SOGA2Y G KI G A ¢ Arohé rfoRnaKd A9hS Ko EL f4IAAINK
Talei 2024)Mana moanaalso encapsulates the environmental context in which this research

was undertakenThe MMAG provided feedback and advice around the direction and

implications of EBFM in theauraki GulfAs a result of this feedbaekframeworkwas

developed toenable mana moanas well as central and regional governmentconsider and

apply effective EBFM with respect to mana moana righiginterests. To that end, his

sectiono ¢ ¢ 1 I LI a2 I yia-ToicM&na Meahdyresgnizilargely seHcontained

(i.e.,it includes contextual materiainethodological descriptionas well agesultsand

discussiohdescription ofthat framework

Toachieve effective EBFM thitinclusive oimana moana rights and intesss, it was

important that themana moandrameworkfor indicators waseparate but alignedl'he

purpose of this framework is to enabded identifycritical levers for mana moana to exercise

their rangatiratangdchieftainship right toexerciseauthority) within their rohe moana

(territorial waters)through EBFMThe framework is callefie Niho Taniwharhis name was

adopted in recognition of thegariousroles and functionshat taniwhahaveas kaitiaki.

Taniwha embod¥aitiakitangaand have many forms, symbolising leadership, prestige and

strength(Rout et al. 2022With dominion over our rivers, seas, and other territories, taniwha

are powerful yetauspiciousTheirpresencereminds us to act correctlyo respect ther

authority, and respecthe tikanga, kawak YR Yn G dzNI y 3l | aa20AlF GSR G A Gk
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the taniwha.The taniwha is fitting for framing this resear¢lEBFM in thédauraki GulfFor
example, he role and function of the taniwha relates to the work around developing
indicators that carsupportandenhance the rauri of theHauraki Gulflt also relates to the
combined efforts and work being undertaken amangna moana, calevelopment @rtners,
and other entities that have shared vision and drive to addrete recovery of theHauraki
Gulfandits associatedisheries This is where the notioof the taniwha is also embodied,
among people. The role and function of peopled the political drivers that motivate people
to take actionForthe Hauraki Gulfconcentrated and multiisciplinary approaches to address
increasing concernglating tothe state of theHauraki Gulaindits associatedisheliesare
examples of thisThe taniwha itselfs capable of transforminigito different formswhere it can
take action as a guardiaof not onlythe environment but alsofor Mnori peopleas well, and
represents theiright and ability to act autonomously in the interests of the collec{Reut et
al. 2022) Niho represents the triangle shaped tooth of tteniwha(Figure28). This is not a
new concepts nihotaniwha have been used as frameworks and structures in many areas
such as educatioand health(Rout et al. 2022)

In terms of gparating mana moana rights andterestsfrom the other indicator groupings
within this report that was undertaketvy designand by request of thIMAG. Further, the
project team were mindful of mana moana voices baidilgted or relegated when situated
alongside theco-developmentpartnersassimply,stakeholdersTorectify this and lift mana
moana approaches to EBFM, the project teammatedTe Niho Tanihwa tepecificallyalign
with Desired Outcoméhree of the Fisheries PlgRisheries New Zealand 2023b)

While the focus of this project is tdevelop indicatorspecificallyrelated tofisheries, this
requires thatbroaderprinciplesrelated toeffective EBM in Aotearoa New Zealaare taken
into account(Reid & Rout 2020hamely

i Human activities ¢ this acknowledges that humans and our actions are part of the

ecosystem

Qollaborative decision makingendorses participatory decisiemaking processes

Knowledge based based onscienc&n G I dzNJ y 3l = FyR O2YYdzyAide QI f
SQustainability¢ marine enviroments are safeguarded for future generations

Adapts¢ Adaptive management tit promotes appropriate monitoring

Tailored ¢ spatial and temporal specifigitthat recognises ecological complexities and
connectedness

1 Qo-governance; governance structures that provide for partnership

=A =4 -8 8 9

Te Niho Taniwhhasbenchmarked irdicators against thee principles toensurethat
interconnected and holistic approaebto EBFMare implementedor mana moanan the
Hauraki Gulfin addition,the indicators that have been developed from tadvice and
feedback of calevelopment partners are useful fadvisingnana moana also. Alignment in
this senseis necessary for ensuring that quantitative and qualitative data (setdassociated
indicatorg arerelevant for mana moant enable active participation, protection, and
partnershipthrough EBFMBelow, is an overarching view ©é Nito Taniwha.

Te Niho Taniwha

Theframeworkdepicted inFigure28 illustratesatrianglewhichrepresents Te Niho Taniwha.
There arghree levelsto Te NihoTaniwha, they are:

f b3n an Owrghihg Principles
q b 3n gPRatz of Success
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1 b3dn ¢h&ldelicators

Each of these levels is depictabundthe boarder of theframework Also aound the outside

of the figure are each of the overarchingINA y OA LI S & - KaéitAkitangan G n LJ2 y 2
anil dzNI y 3l T WhdkdpapHzMauti; @rilflan@akitangaln the middle of the
frameworkarethe pillars of success, I3 n & B 82 | NBot 2bf FAnOe¢ deNBSR f SIA &t |
Haporic Communitymobilisation; NI n Y | ASkewardship anddvocacy; andb Imn G-S |
Investments and innovationslot depictedare the individual indicatordy 3 n  tRiéhdz

would stem fronthe pillars of succesb, 3 n . Eaghdaf the levels of Te Niffl@niwha are
intended to provide a structural framework to ensure effective EBFM is facilitated in the
Hauraki GulfThe relationship between these three levels is not linear. Each level exists to
support the notion of the ecosystem being a functional unit that is influenced and effected by
many variablesEach of the three levels is discussed in detail below.
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Te Niho Taniwha

Nga Ture
Policy and
legislation

Nga Hapori
Community
mobilisation

Nga Kaihapai
Stewardship
and advocacy

Nga Putea
Investments
and innovations

NGA MATAPONO
Mauri Whakapapa

Figure28 TeNiho Taniwha, a framework fandicatordevelopmenin the Hauraki Gulf

82



b3an an ioOwaghihgrinciples

¢KS aninlLl2y2 LINB jpSydésieundatipn friorvkhich iddiSaibis kah e

built and arebased orthe findingsof Jackson et al. (2017As overarching principles, these

YninL2y2 KIFI@S 0SSy aStSOGSR 2y UGK&tohmmtaria 2F K2
indicators.To better understand these overarching principles, the following sections provide

an overview of eacprinciplewith respect tohow they relate tathis research project and the

HaurakiGulf.
Kaitiakitanga

Tod dzLIJLI2 NI (G KS dzy RSNRGF YRAY 3 2 Fit cdnlhelpio breaktthed | y 3 o |
word into its component partghat together form kaitiakitanga. According 1@ Aka (2024)

kai is a prefixo express an action through a human agent (i.e., the person doing the action).

The term tiaki means to guard or protect, and tanga is used as a suffix to designate the quality

derived from the base noun. The word kaitiaki therefore, refera guardian or protector,

while adding tanga designates the qualities derived from the role of a guardian or protector to

now become kaitiakitanga, or guardianship. The breadth of this term can be vast in that it is

applicable across many areaspecially in the naturanvironment.However, in the context

of thisresearchd S O2y aARSNI GKS GSNY (FAGALFAGaETEAF (0 KN d:
the HaurakiGulf.We explore kaitiakitanga through the rich tapestry tlma&nawhenua mana

moanahave in relation to their rohe moana.

Manaakitanga

Following on from the method used to describe kaitiakitanga, the same approach is useful in
helping to interpret and understand manaakitanga. Again, three kupu can be derived from
YEYEFF1IAGEY 3 ® ¢KSe MaBisk YIORYDSAJIA I KIF iR Al OBy di NI
and is of critical importance. Mana refers to the prestige, authority, control, power, influence
or status that a person, group, place, event, or object may possess or ififreka 2024)

This is a simple explanation for mana and does not take into account certain types of mana,
such as mana tangata (the mana one inherits through their accolades or achievements) or
mana tupuna (the mana one inherits from their ancestors). While we havednted mana
whenua as one example of mana, the scope of this review is not to provide great depth of
analysis for certain kuptrather, to provide a basis of understanding and interpretation within
this framework.

¢KS ySEG (dzldJdz Ad nl1AZ (Whebtidgodal ae§dinedjzNES 2y X 21
manaaki is to support, take care of, give hospitality to, protect, look oytstoow respect,

generosity and care for othef§e Aka 2024When conjoined with the suffix tanga,

manaakitanga refers to the process of showing respect, generosity and care for (ihekka

2024) Therefore, to demonstrate manaakitanga is to actively enhance the mana of others

through actions of respect, hospitality, and generosity.

I 02YY2y gl & (G2 SELNBaa YIEyFF{AGEy3al Aad GKNRdzAF
O2y GSEG 2F GKS Y2FylFEsS AT | KnlFNR FSFH,GdNBa {1 A
especially ithe kaimoanas locally harvested. This is one example of the inherent relationship

GKFG an2NR KIS gAGK GKS Y2FylF 2NJ GKSANI Lhndlk 1
has offered a bountiful source of kai and nourishment forwredlbeing andongevity of iwi,

KFELMZI YR gKnyldzp LY FRRAGAZ2YS GFy3lLadl gKSydzZ |
(guests) at events and gatherings, which in turn has enabled them to express manaastanga

just one example
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Wairuatanga

Spirituality is a common translation for wairuatanga. Yet this simplistic definition, while useful,
does not fully encompass the vastness for wiighiruatangacanbe perceived or even
understood. Similar to mauri, wairuatanga is subject to internal and external influences where
it can flourish and languish depending iofluences that are preserfiNgawati et al. 2018)
Wairuatanga also extends to groups of people whereby collective wairua can be identified.
Similarly, that group can be subject to altering levels of wairuatanga whereby the collective
wairuatanga can be influenced by stimuli from the outside and fromimitbositively and
negatively.

If we consider the moana, the notion of wairuatanga can be subject to the relationship that

2yS KFa gAGK GKS Y2FylFxX 2NJ 0KFG F 3INRdzZL) 6 adzOK |
their rohe moana. This connection and intricate relationship that peoplesiwith the moana

is deep. The moana has offered communities an abundant food source, a means to travel and

navigate, and is even incorporated in ceremonial or other spiritual practices. It is imbued in

karakia (prayer), waiata (songs), haka (dance), mateS I 6 OKI yG = f I YSYy G0 X LI NJ
GKIF1lFGFdZlo OLINRPOSNDBAaAavOY YR 20KSNJ 2N} f GNI RAGAZ2)
(Kennedy et al. 2015 hus, the moana is a significant catalyst for supporting and nourishing

wairuatanga.

Mauri

hFGSy GNIyatlldiSR a WEATFS F2NOSQT YIdzNRA Aa | O
things have a mauri. The moana in this sense, including the flora and fauna that reside within

have a mauri. Like the tide, mauri is both susceptibledimf regressive and resurgeffdurie

2015) In other words, mauri can be influenced positively and negatively from stimuli. Human

activity is a critical catalyst for influencing mauri. We have seen examples where human

activity has positively enhanced and negatively diminished the mauri of theaBalow we

explore different states of mauri.

al dzNR T{yF2yKaedzA A KAy 3 Y dzNR

In health circles, we might consider an individual who is unwell and perhaps suffers from one
or more symptoms of ill healths having languishing mayBurie, 2015). The same can be said
for te taiao (the environment)it is possible that, aspeots te taiao are susceptible to the
manner in which we treat them and therefore, are subject to a state of mauri noho as a result
of human activity. Take for example, the presence of kina barrens iHalieaki GulfFishery
extractionis anexample of how humaactivity has altered these inshore ecosystenteading

to a reduction in the predators of kinanconstrainedyrazing by kinsandthe presence of kina
barrenson shallow rocky reeféShears & Babcock 2002 addition, kindrom barrens are

often in poor condition as they do not have a plentiful food soyRert et al. 2018)These

factors all contributdo a state of mauri noho, or languishing mauri.

al dzNAc! NBNKg f SR Y dzNR

This state of mauri is representative of imbalance. That imbalance can be due to many things
but the effect of distraction on mauri leading to imbalance is the key concept(Banée

2015) Human activity in thélauraki Gulhas undoubtedly led to a state of mauri rere. Our
presence(through fishing & SRA Y Sy (I (i A habdepldidd thdatlnidan2e/andS i O X 0
diversityof the Hauraki Gul{Hauraki Gulf Forum 2023jo shift from this statef imbalance

will require human interventiomnd most importantly,cooperation
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al dzNAc! #K3 Sy Ay 3 Y dzNA

The notion of mauri oho is often one that comes as a surprise or as a means to cause action to
shift from one state to another. This is usually in a positive direction seeing as mauri oho or an
awakening mauri pertains to the process of realisation thatimis languishing and therefore
needs to be activated to bring about the necessary change to move towards flourishing mauri
(Durie 2015) 1t should be noted that mauri, like the tide is resurgent and regressive. There are
many variables that can act on mauri to enhance or diminish it, but in relation to mauri oho,
this is generally considered a linear pathway that focuses on resurgemgpased to

regression.

Given the state of thélauraki Gul{Hauraki Gulf Forum 2023@hd the multiple groups,
organisations, and people trying to restore the mauri of Heuraki Gulfit would seem as
thoughmauri oho is an evidential state from which collective efforts are seeking to occupy.
Some may argue that thdauraki Gulfs in a state of mauri noho or mauri resghich may be
correct, however the concentrated efforts to restore tHauraki Gul€ouldalsosuggest that
the realisation of the current state of thdauraki Gulfaises awareness and opportunity to
shift the state ofmauri.

al dzZNJ{ 8§ tzZSR Y dzNX&

While mauri rere is representative of an imbalanced state of mauri, the opposite is
demonstrated for mauri tau where there is balance. More importantly, mauri tau encompasses
an acceptance and openness to renewal and rejuvendfiamie 2015) This is perhaps more
obvious with people and individuals rather than the moana, but the concept is still applicable.
This is evident in the restorative nature of the natural environment. When left alone, without
disruption, without human interference, thenvironment oftenbut not alwaysreplenishes

itself. This is known as passive restoration. Given the diverse interestsktatiraki Guland

Ada LINPEAYAGE G2 ! 2 (pSpulatidniitisrfikely tisbpadsivey RQ& | NBHSA |
restorationby itself will be sufficientThat is not to say however, that théauraki Gulfs not,

has not, or cannot reach a state of mauri tau. In fact, there are some reassuring examples from
within the Hauraki Gulfvhere mauri tau has been exhibited. Such examples include the
restoration of biodiversity and biomass through the implementation of marine reserves and
rahui(Allard et al. 2022, Babcock et al. 1999, Babcock et al. 2010, Shears & Babcock 2002,
Shears et al. 2006, Willis et al. 2003)

al dzNJg C 2 RHzNW ladgMy 3

The final aspect of mauri is that of mauri ofidis concept is reasonably well known as it is

more widely used and referred to. This is considered the highest state and represents
flourishing vitality and life forcéDurie 2015)For EBFM in thidauraki Gulfmauri ora can be a

goal or outcome that the indicators and framework seek to reach. This does not necessarily
mean that it is an end point. Rather, it denotes a state wherebyHheraki Gulfthe

surrounding ecosystems and us as people are able to reach. While this may not be considered
to some as the current state of théauraki Gulfhaving this vision and goal in mind might

prove useful when measuring and assessing the state dfitheaki Gulin relation to the
HaurakiGulfFsheriesPlan (Fisheries New Zealand 2022i)d broader development at

framework for EBFM indicators.

Whakapapa

This overarching principief whakapapah & 2y S GKF G Aa 2 7F tioNgF 0 A Y L2 NI
dzy RSNAR Gl YRAY 3 (GKS 2 NA 3 A acksghret aDZOYAY Sliteialisenge, 12 ¢S !
whakapapa denotes the layering of one thing on another as segeriaalogicatonnections

GKFG LIS2LX S KIFE@S gAlGK SI OK 32 (rKy/SRNES AdiAKG Ky FnS  F(dl d&l | 3
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(@ n 2 NR ) &g ibthed thinggJackson et al. 20LAVhen it comes to EBFM in the
Hauraki Gulfthe whakapap&onnections that mana moana have with their rohe moana,
including theflora and fauna that reside within and around the moana, iarportant to
recognise and understand to proteshakapapa and ensure mana moana are enabled to do
so.Effective EBFM in thidauraki Gulshouldseek toincorporateand recognise the
importance of whakapapa when implementing aagkessingndicators for the fishergystem

anidl dzNI y3t

andl dzN» y3l Aa SyOl Ll dzivbridvieRwherg obgeatibonZexperiecdsh = | an
and ways oknowingand understandingre those ol n 2, thd indigenous people of Aotearoa

New ZealanqJackson et al. 2017In (i | dzMhsyertlired a turbulent colonial period in the

history of thecountry'sexistencefrom before and after the signing of Te Tiriti 0 Waitangi and

SPSy (2RI &8 KISAISYRdeNBARE yak A& NBaz2tdziS Ay GKS
here and have doneo for generations anccenturiesLINA 2 NE G KF G Aa 6KSNB VY
survivedMni | dzNF y 3l KIF & | f a2 &adz2NWAPGSR GKNRBdzAK (S NB?2
thekeytoi KS R22NJ 2F ¢S 12 an2NRI (K ®ristowasdithe | y I dzk 3
development and revitalisatiod ¥ S NEONPam2 ISy SNl GA2ya Kl a Syadz
prosper.Therefore, it should be noted thahanagement othe fisheies ofthe Hauraki Gulf

through indicators that are supposed to provide useful and meduingformation for people

and placE &dK2dzZ R 0SS AYI2NMKSFIdE K¢gRZ ORNNHzyAGASA o
resides. This method aligns with the principle of -governance from the EBM principles

developed in theSustainable Seas National Sce@halleng€Reid & Rout 2020)

b 3n ¢PRaiz of Success

The Poudescribed belovhavebeen designed as a tool thaill enable mana whenua, mana

moang and otherpartiesto assess the fisheigystem of the Hauraki Guliroughfour key

pillarsT b 3In Y{IAKMILBRAE KA L) | YR /RO OdzyOR(ITe bYAMo AKEl ALZRINRA 2
t n {-$vestments andnnovationsandb 3 Ture- Policy and legislatioThesepillarsare

critical areas fosupportingmana whenua, mana moanaactive participation in EBFM

through key partnerships for the protection9fK S ¢ o1 I LJ- a Audi-gfToigthe¢ S a2 y I
Hauraki GulfA description of each attribute is as follows.

1. b3an YI AKn Ll avadvacdsy Repr#sankatiohht all levels of the fisheries
management system is vitd ensueSlj dzA G 6t S 2dzi02YSa F2NJ AgA |
includes but is not limited to supporting the provision of roles and representation
within and among governance structures and statutory authorities; increased capability
FyR OFLI OAGE F2NJ I RRNBAaAYy3A A gaquitabeR KIF LN FAa
NBAa2dz2NOAY3I F2NJAGA FYyR KFELMWT YR FRRNBaaaAy3
that permeate current governance structures that inhibit stewardship and advocacy for
A6A YR KILNO®

2. b3dn | FLRNRY /[ 2YY-@nhminitiesr? énktded ta pattakeirydecision
making processes and outcomes effecting their rohe moana. The role of the community
in fisheries management is a vital function in understanding the relationships that
communities have with their rohe moana. Mobilising communities to actively participate
in fisheries management will endorse a widespread approach to fisheries management
and enable the community to feel empowered and connected to their rohe moana.

3. b3an tndSIl Y ardyimd&otsYCoyiniitted funding and investment into
an2NA f SR NBaSIFENOK YR Ayy2@0FiAz2ya Attt Syl
KFELIMZI YR gKnyldzp ¢KS NBFfAaFGA2Y 2F (KS 2L
and innovations has been showcased through $lustainable Seas National Science

0
JL.
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Challengeas well as otheexamples such gbe MBIEEndeavour Programm@ou

NhKdzA = LJ2dz GA1Fy 3T Lkdz 2N y3ILY wSAIyAdAy3
Moananuin-ToE.
4. b 3An ¢ dzNEWIlegislatibrk Thdpillar relates tathe complexandfragmented

system of policy and legislation across the Hauraki @lifisheries indicators proposed,
considered, or implementedill be subject to legislation and policy in our marine and
coastal areaAn example ishe mismatch that often occurs when considersyatial
scales of biology (i.e., the scale of fish movement or fish population units) relative to
managemenbr legislative boundaries.

To assist users with the categorisatimnscoring ofthe status ofeach of these pillars we have
developed a rukic, which provides broadescriptorsof the state of each pillar across a
spectrum from inadequate tgreat(Table2). A generic description of each of teeandards
within the rubric is:

Great-This is the highest standard within the rubric. To be considered withistiduglard the
associatedndicatorsneedto exhibit a standard of excellence.

Satisfactory This standard suggests that the category assessed is at a decenbigubkere
may be some areas where improvement can be made.

Progressing This demonstrates that the measured indicators are progressing within the
category being assessdulit there are aspects which need attention or can be strengthened
further.

Developing This standard informs that the indicators within the category need work and are
developing or need further development to move up the rubric. This denotes an unacceptable
standard but acknowledge that attempts are being made to progress.

Inadequateg An unacceptable standard that requires immediate attention.

Table2 A rubricto assist users to categorise or score each obtf#n

¢ PRlat® of Success

b3In t 2dz Inadequate Developing Progressing Satisfactory Great

b3an YFAKLGA | YR AdvocacyfortheL6A | YR (L&A | yR Equitable

Stewardship and representation | interests and represented at all | represented at | representation

Advocacy within rights of iwi and | levels of all levels of from iwi and
governance Kl LJh A& governanceand | governanceand| K| L SE
structures and | and is validated | are able to inform | are enabled to | all levels of
inputinto according to planning, co-govern the governance
decision making | local management, management of | and they are

is nonexistent. | government, outcomes, and the fishery in the| equipped and
central ideas surrounding | Hauraki Gulf enabled to ce
government, fisheries govern the
and other management in fishery within
governance the Hauraki Gulf. the Hauraki
structures. Gulf.
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b3In t 2dz Inadequate Developing Progressing Satisfactory Great
b3In 14 LI Communities Communities Communities can | Communities Communities
Community are are aware of partake in are resourced | are
Mobilisation disenfranchised | decisions and decisionmaking and enabled to | empowered to
and actions processes and have their inform and
marginalised surrounding governance of perspectives anc partake in the
from their rohe | fisheries fisheries voices heard in | governance,
moana, management in | managementin | the management,
disenabling the Hauraki Gujf| the Hauraki Gulf. | management and decision
them from but are not and governance | making
engaging within | permitted to of the fishery in | processes
fisheries inform and the Hauraki Gulf| around
management partake in the fisheries
planning and management of management
customary the fishery. in the Hauraki
practices. Gulf.
b3an t-dzi § Noinvestment = Some Investment in Growing Equitable
Investment and | or funding into | investmentinto |an 2 NA f S| capability and investments
Innovations an2N®h f ¢scienceand and innovations, | capacity among and
research and Y n G dzNI y but further researchers, opportunities
development, research that requirements communities, for iwi and
including & dzLJLJ2 NIi & needed for AGAS FYEKEFLA AY
Y n (I dzNJ y led research and practical from targeted greater
an2NA A ¢ innovations implementation. | investment into | capability and
apparent in the a n 2lbh capacity for
management of research and researchers,
the fishery in innovations. government,
the Hauraki Gulf, and institutes
to enhance
a n 2lsih
research and
innovations.
b3n <¢PdihE Policy and Policy and Policy and Policy and Policy and
and legislation | legislation legislation have | legislation legislation are | legislation are
development some provisions development developed to developed and
acts as a barrier| that allow iwi addresses empower iwi amended to
F2NJ AgA kYR KI LI fragmentationand | y R K I LJ rectify the
involvement and| have some say | attempts to partake in the fragmentation
engagementin | in fisheries enable greater co-governance | and ensure
fishery management participation for | of the fisheries | equitable
management A% A YR [ management outcomes and
fishery opportunities
management are afforded
for iwi and
K Lh o
b3In {§Ehé&ndicators

In this section wesuggest potential indicators t@vitalisethe mauri ofthe Hauraki Gulf

fisheries systenby recognisngand consideingbarriers and enablers for mana moana and FNZ

that take intoconsiderationthe iwiand ham with mana whenuaand mana moanastatus and

rights within the FwrakiGulf. It is important to recognise that these suggested indicators are

just a starting point, and it is intended thtitey would befurther developedo providelocal

and ham specific contextwith appropriate data sources identified (or appropriate monitoring
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established) as needed.one sizefits all approach to fishery managemaenitil fail to take into
consideratiorthe rights andnterests2 ¥ A Y RA @A R dihréughbusthe Hawaki GHfl LJn
andshauld be avoidedThe rights and interests of mana moana should be recognised and
actedon accordinglyto appropriatelyapplyand develop tle indicator indexand subsequent
indicators as informed by mana moarfhese ng tohu should not operate in isolation from
the indicators discussettiroughout the rest of thiseport. Ratherboth sets of indicators
should be used in conjunctiomith each otherto ensure that mana whenua and moana led
indicators(ngn tohu) are positioned to leveragigom allindicatorsand alldata sets. This is
important as it ensures that all indicators relevantmana whenua, mana moana are
recognised and supported alongside the other indicators to ensure effective EBFM in the
Hauraki Gulf.

In developing and assessing thes& tajhu we followed a similar evaluation procetssthat
conducted for the indicators developed and assessed throughout the rest of the report.
Specifically, wetilised the same eighgvaluation criteria described ifiablel. This evaluation
process is discussdxlow in more detail, and is supportdéy a traffic light approachs
detailedin Appendix3.

Evaluationof ngatohu
b3aIn YIAKnLI A
[ dza 0 20V 1 ¢BHzZNRA Yy 3 6@AND KA K[OR8 b ! DRIEKSe VijHzZldy2e & 2 F

Odza G2 YI NB REWPISRI & & |y | NBlI (&KKXGAOREz RAHSdz&S§RB
Y2NB RSGIAf Ay G(GKS A802%¢ YR®O2 @6 t NSt RF ah RES N 2 O
FTNEXKS O2yaraiaSyoOe LR NbRuAl F NNBS ILEGHEYPS 2 2y URSY o
AdadzsSa NBfl w$al MRt KA A Kbz b &Y ILIRE Sile| S &s ALY LIZEVIl
RFEGFE &2d2NDOS YR AYRAOFG2NI 2F LI NbOdzf I NJ NBt SGI y (
Customarnypermits¢ Connected tacustomary take is the issuance of customary permits or

authorisations by tanagta kaitiakhgain, data relating to customary permits or authorisations

are discussed in the section relatingSocieeconomic value of fishery componenend again

also contain the same issues relatingdta confidentiality It will likely be necessary to

identify alternative data setef relevance to tangata kaitiaki as they consider the issuance of

customary permits. Data such as tlaege intertidal shellfish densityetric discussed above

may have relevance in this regard.

Ahumoanag Datasets, and associated indicatodgscribinghe number and location oAhu
moanaestablishedhroughout the Hauraki Gulf undétevitalising the Gu({New Zealand

Government 2021 )are likely to be of high relevance to mana moana and coastal communities

alike.In addition,it would also be useful to understand the state of the ecosystem within those

Ahu moana locations. potentially relevant examplssi KS a. L9 9y RS PozidzNJ t N2 AN
NhKdzA = LJ2dz GA1lFy3lFrT LRdz 2N y3IlY wSAIHAGAY3I (KS
ToE. This is an iwi lead project, with those iwi identifying and measuringthumdance of

taonga speciewithin their rohe

Governance structuregs/ + LI 0 At Ad& yR OFLIOAGE F2NJI AGAI KI LI
governance of the Hauraki Gulfasarrier for mana moana tactively participant in the

goverranceof the Hauraki Gukind its fisheries. As a resuthe lack of representation aihana

moanain decision making and governance structurgsts the influence that mana moana are

able to have inthat decision makin@nd governanceDatarelating to theresourcing,

capabilityand capacity buildingpf mana moandas supported bgentralandregional

governmenj would be highlynformativein understandingprogress towardgquitable

outcomes for all partners of Te TiritMdaitangi
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Kaitiaki¢ There are a range of people who are either fulfilling professionabluntarykaitiaki
roles. Though these roles they upholggulations, tikanga, kawetc. Datathat details the
number ofpeople in these rolewould help to understandhe level of guardianship that is
being effected within the Hauraki Gulf fishery system.

b3an | kL2 NR

Communityawareness; Awareness ofhe concepts relating t&BFMand progress towards
the goals of EBFM the Hauraki Gulf are an integral part of ensuring that the community is
connected and engagedlith fishery governanceData pertaining to community awareness
these aspectgpotentially obtained through a survegduld therefore be a relevant metrto
consider

EBFM formanamoanag There are a range @otential levers thatcanenablemanamoanato
participate in the governance and decisioraking processeshen working towards EBFM in
the Hauraki GulfA structured survey of mana moana could heith the useof these levers
and theireffectiveness and impaat deliveringEBFMor mana moana.

Locally led approachesAcross the Hauraki Gulf, there aveverallocally led approaches to
EBFM includingenvironmengl, habitat, fishand shellfish monitoringgs well asctive habitat
restoration Some of thesprojectsare supported via partnerships and resourciwhjle
others do not receive funding and/or suppotinderstanding the number of iwi, hagnd
community led monitoring and restoration projediand the level of support they receive)
would be a useful indicator

Partnering with communities and iwThis is a treaty obligation for th&own and

government agenciehowever, it is useful to monitor these partnerships to ensure that

equitable outcomes for all partners are achieved. There are often inequities among these
partnerships om lack ofpartnering with iwi at alln some case<stablishing a data set and
associated indicators to describe the level of effective partnership would be especially useful in
highlighingkey areas wheréurther development is requed.

Inter-generational planning This tohu relates to ata that supportthe long term goals and
outcomesfor mana moanaThis might includéongitudinal data sets and researtifat can
describe progress towards these long term aspirations

bamasSl

Ly@sSaiagySyida Ay AsA>x KI L3> | yBPatathatdesdribeshe SR N
' Y2dzyi 2F FdzyRAy3a | ff20FGSR T2NJ YR NBOSA QO
innovations.Such a data setind associated indicatonswpuld highlightanyinequities in

TdzyRAY3 f620FG8R (2 NBASINDK FyYR Ay@SaiySyia

Investments frongovernmentg Similar to the indicator described above, this indicatauld
detail the level of broader financial investme(ine., beyond just research and innovatidrom
Government to supporiwi organisationsvith kaupapathat isrelevant to the Hauraki Gulf

Funding requiremenig An indicatorthat reflects the funding required (or the gaps in funding)
for effective EBFM to béeveloped andperationalisedFurther, he indicatorsdeveloped in
this report should assist with highlightinghere thesegapsexist so that the associated
investmentthat would be needed t@ddress each aspecbuld be calculated.

¢ KS amarthéEkonomyc An indicator that describes the size of then 2 NA Y NA y S
economyin the Hauraki Gulf-urther, if such an indicator was broken down into its
components it would help tadentify opportunities for mananoana toparticipate in

commercial activities to support thdevelopmentmana moanaf the Hauraki Gulf
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b I Ture

Regulatory frameworks of thdauraki Gulg Theledgslativeframeworkrelative to the
management of the Hauraki Gulfaemplex and fragmentedndicators thatsimplify and
describe this complexitwill enableA 6 A = K I LJn 3o bettgrRndérsamd/tiliszand
suggestevisionthat could improve thdegislativesystemand the outcomes it intends to
deliver.

Legal enablers for mana moagdData that informsabout thelegal leverghat can be pulled to
support mana moana expressionsrahgatiratangaFor example,lere are certairstatutory
rights that support mana moana &xercise their tino rangatiratanga throughechanisms
such as Custonmg Marine Title, Protected Customary Rights, &vighi Tapu RightgNew
Zealand Governement 2011)

Optimising future policy enactmeqiData sets thatquantify policy amendmentand
developments for mananoanagoing forward This isa critical componentto enabling
effective EBFMs legislatin governsthe level of progress that schieved

Cultural impact assessmerg®ata that enables cultural impact assessmenmetating to
activitiesin the Hauraki Gulthat impactculturalvalues. Data could be gathered from resource
consent applications. An example of such daging utilised as an indicator is through the
mauriometer(http://mauriometer.org/), atool that provides a measure for assessing mauri
marine environments

Operating outside of theegulatory frameworlg This indicator would describe the level of
lobbying for greatepolicy and legislative provisions for mana moana in tharaki GulfTo
this end, it woulddocumentpolitical and social movements aindtiativesaround the Hwuraki
Gulf.

Te Niho TaniwhaDesired Outcomehree, and indicator implementation

TeNiho Taniwha has been designed to connect to and leveragetfrerather indicators

developed throughout this report, anespeciallyto connect withDesired Outcoméhree of

the Hauraki Gulf Fisheries Pléfisheries New Zealand 2023bhis interrelationship is

illustrated in Figure29). To this end,tiis envisioned that Te Niho Taniwha can support the

implementation ofmanagement objectivesuch asmprovedsupport fortangata whenua

engagementn fisheries managemerand decision makingmproved regard fotangata

whenuat SR {1 FAGALF {AGF Y3l I §kidingichsedabadity forfamgala dzNJ y 31 a
whenua
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Hauraki Gulf Indicator framework Te Niho Taniwha
with a focus on key attributes of fisheries
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Figure29 An overviewof theinterrelationship between Te Nifianiwha and thédauraki Gulf indicator
framework with some detail of théierarchical structuref each framework

The structure of Te Niho Taniwhdends to allow fola breadth of indicatodevelopmentfrom
the Ngntohu (the indicators themselves), through the fourrNzpu (pillars of succeg$o
connect tothe foundations for which positive impaate generatedthe Ngna n (i n L{iRe/ 2
overarching principlé@sMeasuring and quantifying these indicatasdikely to be challenging.
Not becauseof the legitimacy of the data, information, and knowledge, nor the sources from
which theywill be obtained or acquired. Rathebecauseof a mismatchbetweenthe science
systemandthe thoughts, knowledge, and experiencegmdna moana athe indigenous
people of that landand sea.Efforts to enablanana moando provide intergenerational
1y26f SRAS | yawity mfdnin oehichtgfAdhuare, however essential to
effectively implement EBMnd support mana moana to exercise their mana motuhake a
Treaty partners under Te TiritiWaitangi.

Adaptability is a key aspect of Te Niho Taniwha. We recognise that mana moana should be in

0KS WRNAOGSNHE aSIGQ 6KSy AlG O2YSa (G2 RSUSNNAYA)
them. Therefore, Te Niho Taniwha has not prescribed indicators, twrarovided a

GSYLIX TGS F2NJ AGgAZ KFELIMWI YR gKnyl dzIndigatols RF LJG (2
could be interdeveloped, expanded on, or swapped out accordingly, depending on the needs

YR glyita 2F AgAI KI LI doghiBe the Hiversd rights andy G KA & O2
interests of mana moana in the Hauraki Gulf, including but not limited to, complications with

contested land and the management of natural resources and the environment.

Efforts to develop specific data sets informed by mana ma@aeaneeded We note the wok
beingundertakenthrough theUniversity of Waikatdhrough the MBIE Endeavour Programme

Pourn K goudikanga,pouoranga-NB A Iy AGAyYy 3 GKS YIdz2NR 2F ¢oll LI
n-ToiQThis projectims to develop capabiligmongiwi to assess the need for and
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implementation ofNh) KdzA = ONXBIF G Ay 3 | & LI -GaSed degididmaking | dzNJ y 3 |
and managementThis research is likely to produbgghly relevantlata sets that could inform

indicators of relevance to mana mortforts to supportsimilardevelopments across the

wider fisheries systemwill berequired to effectively implement and deliveBBM.

Discussion

The Hauraki Gulf is a place of immense beauty and diverse values. But the Hauraki Gulf is
under threat from the very uses that it is valued fRevitalising the Gui$ the Governments
action plan to protect and enhance the beauty and value associated with the Hauraki Gulf
(New Zealand Government 202hyough a process of broadening the approach to
management in line with the principles of EENewitt et al. 2018)The purpose of this project
is toevaluate potentialndicators, and associated monitoring, specifically related to the fishery
system of the Hauraki GulFherefore, i is just one part of a broader action plan. It is our
intention that theindicatorsevaluatedin this report willguide FNZ, other Government
agencies and local authorities $electa suite of indicatorsthat will enablea pathway tavards
EBM by facilitating a greater understandimgrossa much broader fishery system than
traditionally considered under a conventional approach to single species management.

Fundamental to the process of indicator development isleselopment(Boldt et al. 2014,

Jennings 2005, Kershner et al. 2011, Rice & Rochet 2005, Shin et al T204.3) essential

because many of the indicators being considered represent values, which can only be

articulated by the stakeholders and mana whenua who cherish those vdladhis endgthe

co-development process represents a journey, and while its aimesatuateindicators, it is

G§KS AYONBI&aSR YdzidzZ £ dzy RSNBRGFYRAY3I 2F 20KSNRQ |
understanding of BB/, increased knowledge of the Hauraki Gulf system, and the relationship

building that happens along the way thaill ultimately enable us to achieve B8. To that

end, this project has been an incredibly rewarding journey of joint learning while also

consideringa suite of indicators.

Our original intention when developing fishery system indicators was for the final suite to be
constrainedo maximise management utilitfzor example, the originakt offisheries
indicators established for the IndiSeas project only had seven indicéd8hs & Shannon
2010) Whileevaluating our candidatmdicators, howeverjt becameclearthat the suite of
indicatorsthat will inevitably beselected by FNiglikely tobe a much larger. This because
the framework that we developed (which was intentionally aligned to the structure of the
Hauraki Gulf FishgiPlan(Fisheries New Zealand 202Bajas cedeveloped to represent the
values,needs and concerns of the -¢velopment groupRefining the indicator suite to
reduce potential redundancy, reduce the likelihood of indicators trending in opposite
directions, and maximesmanagement utilitywill therefore be difficult to achievevithout also
decreasingts utility in representing the diverse values of thed®velopment groupHowever
oncea suite ofindicators(and associated monitoringfave beerselected andstablished
their trends will reed to beexplored so that relationshgand responssto other system
componentscan bebetter understood.Through this process a greater understanding of
systemdynamicswill be establishedandthe indicator suitecouldbe further refined.Only at
this stage would it really be appropriate famuchsmallersubset of indicatorsvith high
management utility to be identified.

As previously mentioned, our original intention when developing indicators was to follow a
discrete stepwise process that led to a set of indicators that scored highly against a formulaic
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combination of screening criteri@oldt et al. 2014, Jennings 2005, Kershner et al. 2011, Rice &
Rochet 2005, Shin et al. 201@ur actual experience was quite different. First, it was not
possible to decide on a list of candidate indicators without also considering whether they
would be good indicators (i.e., indicator evaluation) and whether there was or could be data to
suppot such an indicator. As a resutie indicator development process ended up being more
circuitous andluid, iterating back and forth across these development st¥psalsoadapted

the indicatorevaluationprocess to enhance flexibilitwhichwill provide space for FNZ to

make final decisions, considering that it is ultimately their role to achieve a balance from
multiple perspectives. We attempted to achieve this by applying a traffic light system where
each indicator was assessed agasweening criteria, as well asovidingan overallrating,

While this may have been a subjective process it would not have been possible to more
objectivelyscore many of the indicators without established time series to assess some of the
screening criteria (e.qg., specificity & sensitivity). The added flexibility was also seen to
outweigh this subjectivity, andhile evaluatingindicatorswe have attempted to be as
transparent as possible by documenting our thought processes within the traffic light table
(Appendix2). Oncea suite ofindicators have been selected by FNZ ainak serieshave been
established this process could be reassessed and more formal scoring against screening criteria
could beperformed to assist witliurther refinement of theindicatorsuite.

A fundamental consideration for EBI in AotearoaNew Zealan@ @arine environment
includes governancestructures thatenableTe Tiriti 0 Waitangi partnerstsphrough active
participation,andthe protection revitalisationandinclusionof tikanga kawa, and

Y n G I dzMishjftdid maurito a state of mauri oraThis projectattempted to develop a
indicatorframework for EBFM based on the feedback and advice from cdegelopment
partners and theMIMAG, so that indicators could bimformed by and aligned withutcomes
relevantto the rights and interests ahana moanaThe waka tauruapproachdescribedoy
Maxwell et al. (202Q)s a usefulanalogy to demonstrate theeparateyet alignedspace fora
frameworkrelevant to mana moandt is important to recognise thahdicatorsdeveloped for
the other hullof the waka(i.e., the cedevelopment group indicatorgre also useful for
informing mana moana led EBFdproachesn the HaurakiGulf as well For that reason, it is
vital thatindicatorswhich produceor yield quantifiable, scientific data sedse developedin
collaboration with mana moana to ensure a balanced waka and therefore, an equitable
approachto EBFM in the kuraki GulfWhile indicator frameworks have been developed to
describe the status of values relevantrtana whenuan other locations and for other
systems (e.ghttp://mauriometer.org/ and https://marineculturalhealth.co.n?, we thought
that it was important to develop a framewotkat encouragesnana moana tanake
adapttionsto meetthe aspiratiors of their people address localiseaquirements andhold
decisionmakers and other partners accountaliter deliveringeffective EBFM inthe Hauraki
Gulf. TheTe Niho Taniwhframework described in this repois intended to serve this purpose
by providing &ramework that can be subsequently utilised by individualfhtpadd specific
placebased contextelating to taonga species and values relevant to theseK I LJh = | Y R
gKnyl dz

Te Niho Taniwhhasa number of similarities with the edevelopment group led indicators.
Both are hierarchical in structus@e Niho Taniwhaxtends fromb I n  a n 4 Qvedgrghidg
principlesthroughb 3 n ¢PRads of succestob I n ¢ Th&imthicators Atraffic light
system for evaluating the utility of potential indicatassutilised for both frameworks~urther,
arubric to assistvith the evaluation ofS I OK b GPillars o2 Sikcessprovided. To inform
this processvould likely require a welllesigned surveinvolving face to facenterviews
Developing indicators through a process of engagement at localised scales that will be
meaningful to individual hapandé K n yid-likely to be resource intensive, but a challenge
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that will be central to the success of anABprocess thagives effect to Tiriti 0 Waitangi
partnership.

Research and monitoring recommendations

An aspect that was emphasised by multiple members of thdeeelopment groupvas the
need to set up new monitoring initiate data setso support indicatorghat have not
previously been considereak part of fishery managementhe indicator evaluation process
was also thought teveight existing data sets too heavilikely at the expense of
recommendingiew monitoring.

At this point it is important to reflect on thdiversity ofindicator categoriesissessed within

the frameworkdescribed in this report relativ® the narrow scope of indicators considered
under conventional single species fishery managemiat examplegxisting data sets can
support indicators describing habitats, protected species, food webs, fish population condition,
sociaeconomic values, fishing pressuagd management implementatiowhereas

conventional fishery managemelargelyjust utilisesindicators ofabundancébiomassfor

individual specieas per the Harvest Strategy Stand@ktinistry for Primary Industries 2008)

Clearly even if only existing data sets were utilishds still representssubstantialprogress
towards EBM. It is also important to recognise the extra utility provided by existing time
series as thewill support anadvance understanding of how a particular ecosystem
component respond#o or influences other systernomponents Existing time series are likely
to accelerate the setting of reference points and associated management attaingill
enable more holistic managemeimplementationand shoud therefore be taken advantage
of where possiblelt is important, howeverto not limit thinking to jusexisting data sets and
to consider whamonitoringgaps need to be filled to suppoatcomprehensiveet of fishery
system indicators.

As pointed out by the calevelopment groupthe identification ofsampling efficiencieis also
important asthese could make a fundamental difference as to what monitoring is possible.
Accordingly, lhis sectionis intended todescribemonitoringthat, if initiated, would support
sucha comprehensivsuite offisherysystem indicatorsThese research and monitoring
recommendations are not presented in any order of priority.

1. Theestablishmenof aviable and socially acceptalfishery independent surveg
fundamentally importan{Erisman et al. 2011 properlyunderstandfish communiy
diversityandstructureas well asndividualspeciesassessmentslowed camera
methodologies such as an upcomiiggath Cansurveycould potentiallyfill thisgap A
bottom longline survey is also likely to be initiatédt would havelimited value beyond
assessing snapper abundangay fishenjindependentsurvey methodology coulde
considered as a platform fateploying other survey methodologies (e BRUY
acousticsdiet sample collectio®& (. OX 0 ®

2. Localised depletion could baonitored by thedevelopment ofequipment anda
supportnetwork, to Sy I 6 f Scorfitencial fishershoating operatorandlocal
fishing and boating communities to deplsgmiautomatedBRUV camergg.g.,
Brooker et al. 2020gs partof their normal operationsData collectedrom these
deployments couldbe analysed via the development of Artificial Intelligence
methodologiegMarrable et al. 2022)The substantial additional benefit of a
community-basedapproachwould be theengagement with fishery management that
would ariseas communities take ownership of fishery monitoring in their area.

3. Qupportingandutilisingcommunity data collection in genershould be seemasa
potential opportunity This is epecially redvart for shellfishdue to their relative ease to
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monitoringof taonga speciewould allow localy specific indicators to be developed
(which could support th&e Niho Taniwh&amework described in this reporénd
would ensure that these surveys provide maximum benefit by aligningtikéhga

while empoweringthosehapn | & .{Thedt (RAdr {N&) KdzA = LJ2dz GA 1t y 3l

NBAIYAGAY3 GKS YI dzZNA 2 EnToMBIE pdbgramdés afl | Y R
exampleof hapn basedmonitoring whichshould be utilised to inform indicators where
possible.

Potential (and coseffective) optiondo document local and indigenous knowledge

includea webbased platform fotocal andndigenousknowledgepractitioners to

record observationsr a network ofhighly engage@nd frequentmarine usersvho are
routinely promptedto register significant observation¥he substantial additional

benefitslocal andndigenousknowledgecapture would provide ibetter spatial and

>
¢

S

temporal coverage andetterengagement A § K 02 YYdzy AGASasX TFTAaKSNA

yiSNBASsa O2yRdzOGSR 6A (K KIHtadinderstarid theirl dz | y
attitudes and valueswould have great utility in supporting indicators relatedBesired
Outcomethree: Inclusive and integrated participation in fisheries govern&idss

would require avell-designedsurveyto avoid any unintentional bias creatélarough

the interview proces¢Tesfamichael et al. 2014)

Total economic evaluatiowf all fishery components couldform managers (and society
in general) as to the relative value of different aspects of fishefies key aspect here is
establishing a methodologyat all fishery sectors agree on.

Measurenent of contaminants(such as heavy metals) in shellfish themsewesld
providea direct measure of edibilitfhese measurements could be focussed on
important shellfish beds and/or areaghere contaminants are expectead improve
costefficiency.

The extent of Ballow waterstructuredhabitatsthat support fish populationss

currently poorly understoodFNZ are currentlworking on arapproach to address
Habitats of Significance to Fisher{€sheries New Zealand 2022ahd Councils are
likelyto extend their mapping of habitats into the shallow stidtal, but more needs to
be doneto map the extent of thesdabitats Due to the large areaasnd often poor

water visibility involved, a combination of different survey methods would likely be
required.

Consideringhe importance of sedimentation as a stressohraader network of
sedimentation ratemonitoring (settlement plates) could have utility
Expandedmonitoringassociated with the potentiamplementation of marine proteed
areaso S®IA DI | t !caudinforin many iddicaioxsiroughthe calculation of

inside vs. outside of reserve ratidar multiple species (e.g., rock lobsté&,n LJdz] dz 3 O |

S (i Pixwill also be important to aligthis marine protection monitoring witthe
approach that FNZ are developing to documkinia barrens.

Acoustic survey methoduldhave utility for assessing the abundance of small and
medium sized pelagic fishesspeciallyfivessels of opportunity are able to collect
acoustic data costffectively.A primary consideratiois whether the species
compositionof different acousticmarktypes can be reliably determined.process for
investigatingacousticmark types was described in the main body of the report
Aerial surveys have the potential to serve as a highly efficient platform to callewde
array ofdata types many of which are related to pelagic food webs thapportmany

of the Hauraki Gu& fisheriegPinkerton et al. 2023bsome of the aspects thabuld
potentially be measuretbgethervia aerial surveys includdSFAgwhich are associated
with small and medium sized pelagic fishegtaceans, pelagic sharks, turtles, gannet
nesting colonies, shallow water habisaandrecreational boat counts.

L
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13. Costeffective options to understand the diet (and tropltiennections) of marine
species should be consideredeDsamplescould beroutinely collectedas part ofother
surveysalready taking place. Samples could be targetedsahall number of key system
components spread across trophic levielgprovide focus. Furtherféciency could
potentiallybe gained from eDNA metabarcodingethodologiegKim & Kwak 2022)

One particular system component that coderve as a potentidbcal species is the
Austrahsian gannetGannet colony countgsee aerial surveys above) paired wdibt

information couldpotentially providesubstantial insight into the small and medium
sizedpelagic fishes that they prey on.

Conclusion

Thefisheries of theHauraki Gulfand the system that supports them are highly valued,drat
showing signsf degradation due to thenany uses othe Hauraki GulfRevitalising the Gulf
presents an action plan to restore the mauri of tHauraki Gulf through a more holistic
process oEBFMNew Zealand Government 2021)

Central tothe concept oEBFMs broadeningthe valueshat are considered by management
and trying to achieve balance (not exclusion) in that medtue spac§€Haugen et al. 2024)
This projecis intended to contribute to that process leyduatingindicators(connected to
the Hauraki Gulf Fisheries Pl@fisheries New Zealand 202Biat capture those broad
values other system componentstressors of that system, arble implementation of
management actions.

Oncefinal indicators have been selectég Fisherie®New Zealangdtheir utility will allow us to
see ifmanagement actions are being implement@ad whetherthe system (and the multiple
values that it containgk respondng positivelyto achieve thanulti-value balancehat society
desires(Jennings 2005)fthat is not occurring, then the indicators will allowtassee that and
adjust in line with an adaptive management proc€bslke et al. 2004And so the cycle
repeats.

Theindicatorsevaluatedhere represensubstantial progress towardsBFMas they captura

much broader system than is currently considered within the scope of fishery management.
The indicatos evaluateddo includea large humber of indicators relevant to individual fish
populations These single species indicators will continue tinig@ortant to fishery

management; they should not be discarded as we make incremental steps of addition towards
EBM. Bven these single species indicators contain substapt@jressas they capture

aspects such as the distribution and condition of fish populationshihaé notreceived as
muchemphasifrom management previously.

Aside from management utility, indicatosspport communicatiombout thestatusof various
system componentsvhat management actions are being implemented, #rallevel of stress
the system is underThis is important becausrisconceptions careplace accurate

information if it is not communicatedeven the single species indicators that we currently use
are not well communicated, so having them all in one easily accessiblewilbbe

paramount.

We suggesthe creation of a web portal to communicate the status of the indicators will be an
essential next stepfter final decisions have been made about which indicators to adopt
There a number diigh quality examplet base this step on (e.dhttps://www.lawa.org.nz/
https://protectedspeciescaptures.nzhttps://marineculturalhealth.co.nz).

At the conclusion of thiproject, it is important to note that there is still a lot of work to be
done.Decisions need to be made about which indicators to adiaph the evaluations
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providedin this report Monitoring recommendations need to be considered andnitoring
initiated. Andthere is still a need foa n 2tdlde enabled as kaitiaki alongside existing
managementndfor the management actions &evitalising the Gutb beimplemented.This
will only be possibléhrough greater cross Government coordinatjavhich remains a
challenge withthe existingdivisionsof responsibility across multiplmanagementgenciesAn
immediate challenge in that regard will be to coordinatalalignthe recommendations in
this report with the broader research and monitoring plan for alReVitalising the Gulf
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Appendces

Appendix1

Word clouds produced from egdevelopment group indicator suggestions. Text font size is

large for indicators that were suggested more frequently. A word cloud was produced for each
Focal Componertf the indicator framework. Text font scales fewcal Componerdre
independent.

(a) Tangata whenugocal Component
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Engagement with HG iwi fisheries forum

Capacity for tangata whenua participation in fisheries mgmt
No. of customary permits
Iwi engagement with new s186 customary regulations

Capacity for Maori led governance and co—governance.

No. of Maori—led fishe
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(b) Governmentocal Component

Frequency of catch limit reviews
Percentage of active cross—agency projects
Recreational panel survey frequency
Speed of stock assessment publication

Stock assessment frequency
Quality of governance

Number and quality of EIA's

Qualitative questionnaire
Number of finalised 186a's

= N

rate of engagement with fisheries education

Area of Controlled Area notic

Fisheries research compliance budge
Recreational boat registraton rate
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(c) Communityrocal Component

y led projects

Number of multi-stakeholder groups

Number of community meetings
Number of community led projects — restoration

Level of community engagement — management
Stakeholder satisfaction with regulatory processes
Data accessibility to public

rea of protection or fishery closure
Qualitative questionnaire

Level of community engagement - proposals
Stakeholder input to regulatory change

>

Number of community led projects — science

Number of advisory groups and involvement
Funding for community based projects

Number of commun
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(d) Benthic habitats and communiti€®cal Component

iversity

Rate of passive restoration in closed areas

Benthic community vulnerability score
Area of benthos subject to bottom contact fishing

Benthic species accumulation Abundance of slow-growing habitat forming spp.

Depth range of kelp Turf algae cover  Epifaunal composition and change
Abundance of benthic predators Area of healthy shellfish beds

. Kelp cover area and density
Biogenic habitat complexity
Benthic organism diversity

Area of klna barrens

Biogenic habitat area

Sediment grain size Area Of S ea g ra SS Benthic community diversity
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(e) Marine foodwebgocal Component

Size and freguency of multispecies workups

Ion

Stable isotope food web changes

Functional diversity
Duration of multispecies workups
Shark abundance
Rig abundance
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(f) Marine environment variabldsocal Component

Trenberth circulation indices

Nutrient concentrations
Sediment grain size Invasive species diversity
Net primary productivityFrequency of synoptic weather types

Interdecadal Pacific Oscilation ¢ 5tchment population density
Southern Oscillation Index

Dissolved oxygen

Frequency of marine heatwaves

Water temperature at depth

Amount of underwater noise pollution

Dissolved oxygen at depth

- G&T
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—

Marine heatwave frequency, duration and intensity

Ocean heat conten

€S cover

Shoreline changes
Phytoplankton biomass

Sediment grain size changes

Speed and resourcing of invasive species responses

Pressure triangle indices for Northern New Zealand

Sedimentation rates
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(g) Protected specigsocal Component

Seabirds—-Storm petrel abundance

Trophic level of protected species ©
Seabirds—Red-billed gull abundanceg

Seabirds—-Spotted shag abundance [

Seabirds— Support ($) to black petrel working group 3
£

Seabirds-White—fronted tern abundance »
Seabirds-Grey-faced petrel abundance=

ondition

rwater

n

Rate of seabird—-commercial fisher interactionsE
Performance of NPOA sharks=S

Breeding success of protected species

abird abundance
horebird population size

- %@abirds—Fairy tern aundance
Register and awareness of protected species
Vocalisation rates of Cetaceans Protected species abundance

Cetaceans— abundance
Bycatch and mortality rates

Seabird breeding success
Seabird fitness and breeding success
Seabirds—Black petrel abundance
Seabirds-Blue penguin abundance
Seabirds-Fleshy footed petrel abundance
Threat status and changes for protected species

Cetaceans—Abundance, distribution and population connectivity of Common dolphins
Cetaceans—Abundance, population and distribution of Brydes whales
Cetaceans—Abundance, population and distribution of Orca

Percentage of Gulf where protected species are exposed to fishing

Rate of human mediated mortality of protected species
Reproductive rates sufficient for population management- Seabirds

ty of Brydes whales

—Abundance, distribution and population connectiv

Cetaceans
Cetaceans—Abundance, distribution and population connectivity of Bottlenose dolphins

Risk of seabird=commercial fisher interactions

Seabirds—Abundance and breeding success of Gannets
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(h) Fish populatiofrocal Component
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