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Understanding, living within and utilising this domain requires a
well-developed knowledge of the physical oceanography - fate,
provenance and transfer of ocean-water, material and energy. In
the Aotearoa New Zealand context, understanding and utilising KEYWORDS

the environment through science also requires that Maori have a Matauranga Maori; physical
stake in the science and a pathway to connecting with their oceanography; Aotearoa New
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matauranga. The patahitanga (intersection) of matauranga Maori Zealand; cross-cultural
and western science perspectives brings challenges for studies; te reo;
implementation of the Vision Matauranga framework for physical interdisciplinary science

oceanographic science. Here we discuss the drivers and key
themes for the patahitanga and propose a mahere kaupapa/plan
bound by: (i) climate, (ii) decolonisation, (iii) shared language, (iv)
data sovereignty, and (v) developing a cohort who can lead the
field in the coming decades.
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he reo tohatoha, (iii) ko étahi raraunga ka mau ake a Ngai Maori
(@ whanui nei), (iv) whakaahu te pito mata o tétahi rangai kia arahi
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Introduction

Aotearoa New Zealand was the last large landmass to be populated by humans, achieved
through substantial innovation by Polynesian marine navigators (Anderson 2017). In a
time before GPS, satellites and computational weather forecasts, successful long-distant
voyages required significant empirical experience and technology as well as resilience.
Thus, understanding the physics of our oceans is one of the cornerstones for having a
knowledge-based connection between seas and land (Stevens and O’Callaghan 2015).
Maori hold this knowledge and from their perspective, to have a meaningful stake in
the science, there must be ways to engage with the science on shared and equal terms.

In a science in Aotearoa New Zealand context, sharing and equity require an under-
standing of matauranga Maori - a holistic knowledge system originating from Maori
ancestors, which adapts and changes but does not lose its integrity nor sense of origin
(e.g. Broughton et al. 2015; Hikuroa 2017). Like working with non-linear equations of
motion, the holistic approach considers all the important themes and connects them.
Matauranga Maori encompasses not only what is known but how it is known and includes
Maori cultural world views, language, principles and practices (Paul-Burke 2017). In the
early 2000s, the government ministry responsible for science at the time developed the so-
called “Vision Matauranga’ policy framework to provide strategic direction for research of
relevance to Maori (MoRST 2005) so as to ‘use matauranga Maori to inform research,
science and technology’. In the present context it is important to acknowledge pioneering
work (e.g. King et al. 2008) that lay the foundation for making such connections.

Here we examine the patahitanga (convergence/intersection) of physical matai
aumoana (oceanography) and matauranga Maori. We suggest the putahitanga be
framed as matauranga supported by the tools of western science. This is a way of separ-
ating aspects of matauranga Maori that connect with western science from the realms of
philosophy and religion. Thus, the focus is on puitahitanga providing a set of tools for, say
in the case of physical oceanography, understanding topics like ocean currents, waves,
tides, stratification and climate and directly informs biophysical oceanography and
ecology which in turn underpins things like fisheries and aquaculture. We focus on phys-
ical oceanography here because it is at the more challenging end of the spectrum of marine
sciences in terms of connections to matauranga Maori. It can be viewed as the ‘western
science’ perspective on how the ocean works.

As described by Mercier (2018), terms like ‘matauranga Maori’ and ‘western science’
are multi-dimensional and mean different things to different viewpoints. Many of the
themes in connecting the areas of knowledge have commonality (Clapcott et al. 2018)
and so we consider these ideas in an ocean setting and describe the general drivers of
why there is a need to connect perspectives and then explore a range of themes specific
to the putahitanga. These themes include climate, decolonisation, language, data owner-
ship (sovereignty) and capacity. We then close by proposing initiatives that potentially
can accelerate this connection using a mahere kaupapa/project plan.

There are a number of whainga/drivers for why we seek to connect between mataur-
anga Maori and physical science perspectives of the marine environment. It can, for
example, help local communities particularly in terms of kaitiakitanga/active guardian-
ship. Every iwi/hapi (tribal division) has a coastline, stream, river or lake in their rohe/dis-
trict and all require the tools and results of western science to be able to be listened to and
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successfully participate in the decisions and legal processes relevant to issues surrounding
water, water quality, coastal development and climate change. Many hapi are not able to
successfully challenge or defend their right as kaitiaki as they don’t have the access to these
western science tools. As applicants in resource consent cases often have the access to
science and, be it computer modelling or observational studies, it puts the hapt at a dis-
advantage. If the tools of physical oceanography can come along-side matauranga Maori
supporting kaitiakitanga it will assist the many hapai around the country that are facing
these challenges.

Maori-owner companies are arguably unique (Jones et al. 2017) in that they are driven
not only by financial outcomes but, to a greater or lesser extent, by principles of kaitiaki-
tanga (environmental responsibility), manaakitanga (capability building), and taonga tuku
iho mé nga uri whakatipu (guardianship of resources for future generations). This has
synergies with kaitiakitanga as a principle and has direct connection to the impact of
science in that there is a wider awareness of the science results and motivations and
also greater input into decisions that drive what science is being done.

From a legal stand-point the Treaty of Waitangi provided a basis for the Wai 262 claims
to intellectual property and science (Waitangi Tribunal 2011). This ruling was precedent-
setting in that it was the first to focus on the present and future relationships between the
crown and Maori in terms of use of Maori knowledge. In addition, the management of
coastal seas has been at the forefront of legal exploration of the relationship between
Maori and the Crown, most recently through the Foreshore and Seabed Act 2004 and
the Marine and Coastal Area (Takutai Moana) Act 2011 which recognises the customary
rights and relationship of Maori for their traditional marine and coastal area while con-
tinuing to provide free public access, fishing and other recreational activities for all
New Zealanders (Takutai Moana 2011; Sullivan 2017).

Kaupapa/Themes
Ahuarangi/Climate

Past, present and future knowledge of the ocean is contained in both matauranga Maori
and physical oceanography. Whakatauki oral traditions provide evidence of past usage
and awareness of the marine environment (Whaanga et al. 2018) so that moteatea and
waiata tawhito (traditional chants; karakia/prayers); parakau (traditional stories) and
whakatauki (proverbs) provide vehicles for the live transmission of knowledge from one
generation to the next (Whaanga et al. 2018) and, importantly, record evidence of past
usage and awareness of marine environments through time.

Around 39 generations prior to the date of documentation, Kupe, known as the disco-
verer of Aotearoa New Zealand (Te Matorohanga 1913), is recorded as making the journey
from Tahiti driven by the search for kai moana/seafood and informed by matauranga
Maori as to the likelihood of finding land. The success of this voyage and subsequent jour-
neys would have required excellent understanding of weather, the seasons and climate.
Past climate changes have been linked to navigation whereby particular climate configur-
ations better support trans-Pacific navigation enabling migration and colonisation (e.g.
Goodwin et al. 2014; Anderson 2017). There are broad connections between the timing
of availability of maritime technology (i.e. the ability to sail upwind) and climate structure
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changes relevant to Aotearoa New Zealand over the last millennium (Lorrey et al. 2014)
and thus motivate putahitanga between physical oceanography, climate and matauranga
Maori.

This changing climate is now central to regional social policy and action over the
coming decades as sea level rise make increasing inroads into the sustainability of
Pacific Island nations (Storlazzi et al. 2018). Maori intergenerational awareness enables
the matauranga Maori world-view to directly engage with climate timescales. Impacts
will extend beyond ‘simple’ sea level and take in other non-linear interactions such as
increased damage from storms and associated reduced availability of freshwater.
Pasifika island communities will be potentially more able to respond to this change if
they can make knowledge-based decisions based on the science underpinning the
drivers, impacts and mitigation options. Putahitanga acts as a connection between the
ocean and the Maori-Pasifika-Pakeha continuum.

Combining celestial information with wind and ocean waves and swell propagation have
long been known to be a viable navigation tool. By the mid-1960s oceanographers could
quantify how wave energy propagates across ocean basins (Snodgrass et al. 1966). A com-
parison of western and indigenous scientific knowledge of wave propagation (Genz et al.
2009) suggests that much of this was contained within matauranga for at least a millennium
prior. The emphasis on oral and graphical transfer of knowledge, rather that written text, is
often identified as a point of difference between western science and matauranga Maori.
However, the Wapepe (indigenous Wave model) of the Marshall Islands and elsewhere
has much in common with graphical wave propagation descriptions developed by
western science (Genz et al. 2009). Such graphical representations have similarities with
science communication using pictographic representations or data visualisation.

This example from the Marshall Islands brings to the fore the place and role of Pasifika
people. While they are not identified in the Vision Matauranga overview (MORST 2005),
with the marine context in mind, it is straightforward to see why Pasifika should be con-
sidered in any socio-cultural context for physical oceanography in the Pacific region. What
makes the voyages of Kupe and his contemporaries all the more remarkable is it is one
thing to navigate by wave patterns in an archipelago where the bathymetry will be a domi-
nant and invariant factor, it is another to consider wave-based navigation across the deep,
mostly island-free waters around Aotearoa New Zealand where synoptic weather patterns
and the very large islands will dominate. This points to the breadth of matauranga Maori.

Purenga ihomatua/Decolonisation

From a Pakeha view of putahitanga, the Tahitian navigator Tupaia provides the superfi-
cially perfect model for championing the value of cross-cultural connections as he was
a significant element in James Cook’s first voyage of exploration and mapping which
clearly relates to the evolution of western science. However, Tupaia’s contributions are
made complicated by association with cultural first-contact and the wider impacts of colo-
nisation (Scanlan 2017). Furthermore, by focusing on the European-Pasifika partnership it
takes the emphasis away from Maori and Pasifika navigators who made significant
advances in their own right.

In the early part of the last millennium the voyager Toi-te-Huatahi (or Toi-kai-rakau,
Toi for short) was known to be exploring the northern regions of Aotearoa New Zealand.
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Ocean flows that approach Aotearoa New Zealand in this sector evolve from the East Aus-
tralia Current and the Tasman Front carrying water from the east coast of Australia. This
becomes the East Auckland Current which travels down the eastern side of the North
Island sustaining a sequence of large eddies (Roemmich and Sutton 1998) including
offshore of the Bay of Plenty. Toi-te-Huatahi lived about A.D. 1150 and stories tell of
him searching for his grandson Whatonga. On arrival in Aotearoa he is reported to
have settled at Kaputerangi in Whakatane (McLintock 1966) and his influence and descen-
dants extend along the eastern coastline of the North Island including Northland, Hauraki
Gulf, Tauranga, Whakatane through to the East Cape. His descendants are referred to as
nga tini o Toi and the Bay of Plenty is also known as Te Moana-a-Toitehuatahi.

More recently, Pius ‘Mau’ Piailug (Papa Mau) from Micronesia worked with mataur-
anga in a physical oceanographic context and recently enough (1970s) to overlap with
modern oceanography (Scanlan 2017). While, voyaging revivalists found they could
build a vessel, his seafaring and wayfinding knowledge was critical when it came to navi-
gation without modern technology. Communication of the priority and skills of these
navigators and explorers to younger Maori and Pasifika scholars is vital for the develop-
ment of this intersectional topic. As with origin stories from any culture, there is power in
being able to connect with past perspectives, history and language. Many origin stories
have a connection to navigation. This is not surprising as the first peoples to arrive in
Aotearoa New Zealand travelled great distances in challenging conditions. Clapcott
et al. (2018) describe effective pathways for communicating western science perspectives
to Maori with a strong emphasis on location. The challenge from an oceanographic per-
spective is the water itself crosses iwi/tribal boundaries. Overlapping of interests is more
common than not and iwi resource management plans typically engage with neighbouring
interests. If for example, one is studying the East Auckland Current, running from the
northern tip of Aotearoa NZ to past East Cape, then there is an array of iwi that might
potentially be engaged with in order to gain approvals and communicate science.
However, once physical sampling is initiated, as with local council approval, the jurisdic-
tion becomes clearer.

Every colonised state is unique but there are common themes in their interface with
science. Consequently, there is a role for putahitanga to support decolonisation by con-
necting the Aotearoa New Zealand science-matauranga Maori nexus with other situations
internationally. Australia, with its very large land area, also has a large and relatively het-
erogenous set of indigenous languages and little in the way of an original legal framework
for sharing land and resources. Despite this, there is evidence of these groups having gov-
ernance over large areas of ‘sea country’ (Yunupingu and Muller 2009). A 2002 report into
indigenous perspectives on the Australian Oceans Policy opens with text that could be
ported directly to the present setting.

Indigenous people have a culture that relates to the land and sea in a holistic way that also
includes connections to powerful and significant places. However, the emphasis that is now
put on management of discrete sites can overlook and diminish Indigenous connections to
the environment as a whole. (National Oceans Office 2002)

Recently, the Australian Bureau of Meteorology produced an on-line indigenous weather
knowledge resource (BoM 2019). Emphasising the importance of place and language, the
first menu option in this resource is geographic which takes the user to the various
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language-grouping. These not only have their own words but also often seasonal struc-
tures — as one would expect for a nation ranging over 30° of latitude. On the opposite
extreme of the Pacific Ocean to Aotearoa New Zealand in British Columbia, various
coastal tribes provide ecological knowledge around the properties of their natural
capital and the associated marine conditions (Turner et al. 2000). These approaches are
the vanguard of expanding research combining science-indigenous initiatives seeking to
understand, translate and connect with new perspectives on our collective knowledge
banks (e.g. Huntington 2011).

Te Reo/Language

Any true interdisciplinary collaborative work requires a shared language as a starting point
(Bracken and Oughton 2006). At a fundamental level, patahitanga is about development
of a shared vocabulary. Descriptions of Kupe’s battle over resources with Te Wheke o
Muturangi, a giant octopus, tell of a pursuit across the oceans that ends with the creature
being chased into Te Moana o Raukawa (Cook Strait). Kupe, aware of the turbulence of the
Strait (Stevens 2018) lures Te Wheke to the relative calm of a nearby bay where the
octopus is finally subdued - its eyes becoming the Brothers Islands (Grace 2019). In
fluid mechanics, when talking about Kelvin-Helmholtz billowing that is a key phenom-
enon in ocean mixing, the coherent structures that form get referred to as ‘cat’s eyes’
(Chang et al. 2016). These structures are just one component of the variability driven
by the strong tidal currents induced by the confluence of the narrowing of the greater
Cook Strait, and the close synchronisation of the propagation of the ‘tidal’ wave around
the combined islands of Aotearoa New Zealand (Bowman et al. 1980).

King et al. (2008) and Whaanga et al. (2018) provide some examples of shared
language. Here we seek to build on this (Table 1) with te reo Maori equivalents to
common oceanographic terminology (e.g. types of tides, waves, heat, salt, currents, cold,
ice, weather). Some concepts are not so directly described (such as pressure, stratification,
ocean productivity, deep time, space, research, continental shelf) while other words
around methodology can be quite general (e.g. data). Alignment of words from
different languages comes with the potential of losing the origin of the words. Conversely,
discovery science generates new concepts that potentially won’t have specific terminology
in any language. Certainly, there is scope to build on the list of terms, and their origin and
context, developed here.

Raraunga/Data sovereignty

Oral traditions describe how Te Kawau-a-Toru, a companion of Kupe, becomes ensnared
(King-Turner 1970) at Te Aumiti (French Pass), the narrow stretch of water separating Ran-
gitoto ki te Tonga (D’Urville Island) from the mainland. Kawau is captured by the substan-
tial vertical eddy structure present which is dangerous to anyone drifting through other than
at slack-water (Stevens et al. 2019). In the origin story, Kawau ends up becoming the shoal
region that significantly constricts the ocean passage between the mainland and the island.

These days data for tidal streams for locations like Te Aumiti (French Pass) are com-
monly shared (LINZ 2019). In ocean science, especially the physical sciences, there are
growing calls for large datasets collected by costly taxpayer funded research programmes
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Table 1. Te Reo Maori — English oceanographic vocabulary/papakupu/glossary (Moorfield 2019), see
also Mercier (2018) for more general terms.
Physical oceanography/matai aumoana

matai aumoana Oceanography

au o te moana ocean current
parumoana Seabed

huki (nga tai a Kupe) tide (king tide)
whakapaparanga Stratification
puhautanga Buoyancy

koko Wind

ngaru pou Waves

thatea whitecaps, breaking wave
awhiowhio, koripo, au whirlpool, eddy, wake
pamahu Heat

totetote Salinity

whakaihu Headland
moutere Island

tai aniwhaniwha Tsunami

tuahiwi Shoal

hakerikeri, whakaranu turbulence, mixing
péhanga Pressure
Associated science

pangarau Mathematics
pukohu ngaruru algal bloom
waipara Sediment

moana hua marine productivity
whakahoro Accelerate

ronaki Gradient
taringiringi Diffuse
Operational

raraunga, patengi raraunga data, database
tipako Sample

anga Mooring
whakatere Steer

whitianga Voyage

to be made open to all uses and government declarations support this to an extent (NZ
Goal 2015). However, generally speaking, because of past experiences, Maori are cautious
about the subordination and/or misrepresentation of Maori knowledge. This raises ques-
tions such as how do Maori influence the parameters for the use of such data (Hudson et
al. 2016)? Furthermore, what are the intellectual property rights in the context of research
and the dissemination of matauranga-based knowledge (Kukutai and Taylor 2016; Smith
et al. 2016)? Hui like the Maori Data Futures workshop (SFTT 2018) identified themes
around control, matauranga-accessed, multiplicity of formats (including digital, analogue,
biological, korero/speech, and whakairo/carving - Figure 1), understanding the non-
financial value of the data, and potential to support innovation, and that the worth of
the data be used to support Maori growth.

This issue is not special to Aotearoa New Zealand as many indigenous cultures are
making headway at reclaiming their intellectual property rights, for example in Australia
(Janke and Sentina 2017). As a result, not all knowledge derived via piitahitanga can be
expected to be openly accessible. Maori customary knowledge that remains today is
highly valued and, in some cases as a direct result of the scarcity and loss of knowledge
(Forster 2012). Matauranga Maori is regarded as nga taonga tuku iho (treasures handed
down by the ancestors) and so certain knowledge has been reserved and protected from
the public eye (Smith et al. 2016). This is common in applied physical oceanographic
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Figure 1. Whakairo/carving on the stern of a nineteenth-century waka taua/Maori war canoe in the
collection of the Auckland Museum, containing a number of elements with oceanographic relevance
(image: Kahuroa/public domain).

science, where data are sometimes protected due to commercial restrictions, publishing
priority or (unintentionally) through lack of resources.

Aheitanga/Capacity

In the oral stories related to Kupe, there is a description of taniwha, Araiteuru and Niua,
who lived at the heads of the Hokianga harbour entrance. These taniwha were left by Kupe
to guide returning waka to safe landing, but if angered they whip the sea up into a storm
(Te Ahukaramu 2005). This provides context for the challenging navigation conditions
across the Hokianga bar created by shoaling waves, the flow out of the harbour, and
the stage of the tide (Leach 2006). This story connects seemingly academic issues like
energy dissipation during wave-current interaction (Gallop et al. 2018) with the practical-
ities of navigating in and out of a safe port. It provides a pathway to bridging the ‘cultural
interface’ (Nakata 2011) connecting matauranga Maori with physical oceanography in a
way that works for potential Maori scholars.

Assuming a fifteen-year period is required from the end of primary school, through a
graduate degree, and then some science training with aspects of matauranga Maori
included, and with the Vision Matauranga initiative only starting to become cemented
in the mid-2010s, the science sector is in the middle of a systematic capacity vacuum.
To some extent, this is necessary in order to drive a resource-poor system to invest in
developing the required capacity. Physical oceanography has modest representation in
the university system which is sensible for academic replication but not good for injecting
ocean physics-aware people into the Aotearoa New Zealand knowledge ecosystem
(Stevens and O’Callaghan 2015). This creates a feedback that opposes self-correction.
Areas good at, or better able to develop, matauranga Maori synergies outcompete areas
that are less good at, or less able, or less willing and so there is less investment in the
poorly supported areas.
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While Maori representation in the sciences is growing (Figure 2), there are few Maori
students going into physics. Of these, the number of students then going onto have an
interest in physical oceanography is virtually zero. ‘Fund a scholarship’ is a typical
response but this requires a meaningful and engaged senior Maori scientist to supervise
and/or mentor. As noted by McAllister et al. (2019) and Naepi (2019), Maori and
Pasifika are poorly represented in the research/academic sector. A consequence is
researchers with Maori interests and perspectives are highly over-subscribed in terms of
projects they are asked to contribute to, and get co-opted into. Potentially, this is at the
cost of their own specialties and initiatives.

This scarcity of Maori and Pasifika researchers generates a feedback loop. Physical
oceanography science typically requires a high level of mathematical competency. Few
data are available on Maori participation in mathematics or the physical sciences. The
Marsden Fund run by the Royal Society Te Aparangi (Gush et al. 2018) makes available
numbers on proposal success rates indicating Maori success rates are of the order of 10%
(Figure 2) although oceanography projects are rare. For school ages, international surveys
of competency point to a correlation with socio-economic well-being when quantifying
low equity outcomes (Caygill et al. 2016; May et al. 2016).

Aotearoa New Zealand has one of the world’s largest Exclusive Economic Zones -
something that becomes even more apparent when normalised by population. Economic
drivers are one pathway for justifying putahitanga, especially as the Maori view of the
ocean makes distinctions around access to, and availability of, kai moana. Applied ocean-
ography has connections to kai moana, both for wild fisheries and aquaculture. For
example, waves, tides and weather are fundamental aspects of matauranga Maori, particu-
larly in terms of food gathering. Maramataka/lunar calendar provides a guide for the best
times to go fishing. Consequently, the connection has implicitly already happened in that
there is substantial Maori ownership and participation in fisheries and this industry, while
strongly informed by experience, is also open to science (Ogilvie et al. 2018). Another
example is the rock lobster Jasus edwardsii which is the basis of Aotearoa New Zealand’s
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Figure 2. Percentage of Principal Investigators applying for Marden Fund support who identify as
Maori (Marsden Fund 2018).
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largest live export industry with substantial Maori ownership and participation. Because of
its long oceanic larval lifetime (up to nearly two years), the population dynamics of the
species is strongly influenced by oceanographic processes (Chiswell and Booth 2017)
and so subject to phenomena like marine heat waves and El Nifio-Southern Oscillation.
In a reversed perspective, native eels (tuna) are long-lived in streams but navigate ocean
currents across a wide range of latitudes — possibly as far north as 20°S (Kuroki et al.
2009) and are highly valued by fishers in local communities (McCarthy et al. 2014).

Discussion and mahere kaupapa/Project plan

The focus here is finding and growing/whakatipu - the patahitanga — between western
science and matauranga Maori. So, rather than looking at points of difference between
matauranga Maori and western science, we start with recognition that they overlap.
This is not suggesting that there is, for example, an explicit Maori replacement for the
Navier-Stokes equations — the underpinning mechanistic description of a fluid that is
the basis for how western science interprets ocean physical processes (Gill 1982). There
may however be information and awareness of how the various components work and
where they could be applied in Aotearoa New Zealand. Nor are we suggesting that mataur-
anga can provide silver bullets for present-day science challenges like climate. Instead, the
putahitanga should enable better understanding and application of what science is
required in an Aotearoa New Zealand context, how it’s results should be applied, and
what will the wider impacts be. It will certainly diversify access to evaluating and
valuing evidence for critical components of both society and environment and enhance
participation. The pioneering work of King et al. (2008), predating Vision Matauranga,
is recognised here as a model for how to connect environmental science that is heavily
invested in the physical world with matauranga. In the following we propose a number
of initiatives that align with the kaupapa.

If we are truly seeking to build an equitable space for marine science, we should start
by decolonising some of the seascape by renaming some currents/oceanographic features
(c.f. Reweti 2018). As it stands, most of the major ocean current features around
Aotearoa New Zealand are named after land-features (Southland Current) and Euro-
pean explorers (d'Urville) and only the Wairarapa Current and Hikurangi Eddy have
a Maori source. Renaming and reclaiming is a powerful cultural statement (Rose-
Redwood 2016), and while often initially contentious in the media, there is evidence
(e.g. Mount Egmont/Taranaki, Ruru 2004) that the name changes are far less challen-
ging than actual transfer of ownership. One such choice might be the East Auckland
Current, the downstream extension of the similarly named East Australia Current
where a name change would remove confusion. While a number of potential names
exist in the preceding text, the next step on this pathway is listening to the korero
that the relevant iwi have about te au moana/the open sea and if names exist, or
asking for suitable new names.

As noted earlier, shared language is key — but how does this go beyond a static glossary?
The Wikipedia on-line resource dominates present-day internet-based information-gath-
ering (Selwyn and Gorard 2016) and has a te reo Maori version. As well as understanding
relevant te reo Maori terms, oceanographic concepts could be described in te reo Maori
and incorporated into Maori language Wikipedia. For example, if the Navier-Stokes
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equations were explained in te reo Maori there is a powerful statement to Maori research-
ers that the physics of fluids crosses all interfaces (Mercier 2018).

Knowledge and data generators should provide, where sensible, data-streams with an
identifiably Maori provenance. Coastal ocean observing systems are proving valuable to
communities and industries working in the marine environment (O’Callaghan et al.
2019). This initiative will have to span the various constraints of the observing system, cul-
tural rights and the needs of the users. However, if achieved in successful pilot demon-
strations, Maori-sourced, and owned, data streams will provide motivation to expand
both the impact of the observing system and the evidence-base for the value of
putahitanga.

Increased and well-targeted funding is essential. However, this is complex because of
the small number of mentors and supervisors currently available and the timeline to
grow new capacity. Support and promotion of ocean science awareness needs to start
early, especially in light of the requirement for strong mathematics which tends to
narrow the pool of potential student no matter what demographic sector is being
looked at. An indentured framework is not going to be successful. Instead, an initiative
could involve no-strings promotion of science and scientific ideas to early school-age stu-
dents (O’Connor and Stevens 2015). From there it needs continued support at high-school
and university levels, as well as visible role models (McAllister et al. 2019; Naepi 2019).

In closing, there has never been a Professor of physical oceanography at a New Zealand
university (although there have been a number in aligned fields) so a sign of success would
be if there were a full Professor by 2030 with a focus on this matauranga-physical ocean-
ography putahitanga. The initiative builds towards this with students at an early age and
supports their entry into either the science-connected workforce or graduate study as is
done in sport (Hecimovich 2004). It would be impossible to adequately resource such a
diffuse goal for a wide target group. Here we propose funding a cohort to start a critical
mass. This would involve identifying and selecting a group of children in kura
Kaupapa/Maori primary school or general primary school (Tocker 2015) and supporting
them educationally and financially through high school and into undergraduate Univer-
sity where aspects of matauranga Maori are accessible and included. The challenge is
how to align the initiative with marine themes? Connection with one of the voyaging
trusts (e.g. such as Te Toki Waka Hourua) would provide a practical balance to the aca-
demic focus. There is no guarantee that this will directly improve Maori involvement in
marine physical sciences. However, there are few downsides to creating more educational
opportunities where there were few.
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