&® frontiers | Frontiers in Marine Science

‘ @ Check for updates

OPEN ACCESS

EDITED BY

Piers Larcombe,

University of Western Australia,
Australia

REVIEWED BY

Jennifer Leigh Bailey,

Norwegian University of Science and
Technology, Norway

Craig Styan,

University of South Australia, Australia
Kath Coombes,

Auckland Council, New Zealand

*CORRESPONDENCE
Judi E. Hewitt
judi.hewitt@auckland.ac.nz

SPECIALTY SECTION
This article was submitted to
Marine Ecosystem Ecology,
a section of the journal
Frontiers in Marine Science

RECEIVED 17 March 2022
AccepTED 08 July 2022
PUBLISHED 04 August 2022

CITATION

Hewitt JE, Lundquist CJ, Pilditch CA,
Thrush SF and Urlich SC (2022)
Barriers to coastal planning and policy
use of environmental research in
Aotearoa-New Zealand.

Front. Mar. Sci. 9:898109.

doi: 10.3389/fmars.2022.898109

COPYRIGHT

© 2022 Hewitt, Lundquist, Pilditch,
Thrush and Urlich. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use,
distribution or reproduction is
permitted which does not comply with
these terms.

Frontiers in Marine Science

TvPE Community Case Study
PUBLISHED 04 August 2022
p0110.3389/fmars.2022.898109

Barriers to coastal planning and
policy use of environmental
research in Aotearoa-

New Zealand

Judi E. Hewitt™, Carolyn J. Lundquist®®, Conrad A. Pilditch?,
Simon F. Thrush® and Stephen C. Urlich®

‘Department of Statistics, University of Auckland Waipapa Taumata Rau, Auckland, New Zealand,
2Department of Environment, University of Auckland Waipapa Taumata Rau, Auckland, New
Zealand, *National Institute of Water and Atmospheric Research Taihora Nukurangi, Hamilton, New
Zealand, “Environmental Research Institute, University of Waikato Te Whare Wananga o Waikato,
Hamilton, New Zealand, ®Institute of Marine Sciences, University of Auckland Waipapa Taumata
Rau, Auckland, New Zealand, *Department of Environmental Management, Lincoln University Te
Whare Wanaka o Aoraki, Christchurch, New Zealand

Identifying barriers to the effective use of science in coastal management of
Aotearoa-New Zealand is easy, due to the present lack of complicated
governance and management structures, coupled with an emphasis on
funding science that includes pathways to implementation. This opinion
piece discusses four areas that still hinder effective use of science, all of
which are likely to be problematic for other countries. We initially focus on
why the science may not be used related to: misunderstandings (linguistic and
conceptual differences including indigenous world views); timing of
information delivery; uncertainty surrounding the information (knowledge
limitations and funding); and top-down constraints (legal systems, politics
and institutional objectives). We use Aotearoa-New Zealand examples to
demonstrate the barriers operating within each area and discuss three
potential solutions. Importantly our analysis indicates that researchers alone
cannot transcend these barriers; rather, we need to work as part of an
ecosystem, requiring commitment from all society, extending beyond the
usual suspects (management agencies). We believe that ecological and
systems education from junior school levels through to universities have an
important role to play in setting the context to overcome current barriers.
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1 Introduction

Around the world there is recognition that, for coastal
planning and management to achieve good environmental
outcomes, there is a need for effective use of relevant science
(Nursey-Bray et al, 2014; Dale et al, 2019). Unfortunately
mechanisms to achieve this are largely lacking (Karcher et al,
2022). Two important factors should enhance the ability of
Aotearoa-New Zealand to manage its coastal waters: no
internationally shared responsibilities; and a fairly flat
management hierarchy (national or sub-national within a
national framework). However, policy and planning within
both national and sub-national government agencies
frequently appears to work in a vacuum, relatively uninformed
by current, and sometimes even past, research (Gluckman, 2013;
Urlich, 2020a). For example in Aotearoa-New Zealand, bottom-
trawling and excessive terrigenous sediment inputs to coastal
waters continue despite decades of national research
demonstrating adverse effects (e.g., Shears and Babcock, 2002;
Thrush et al., 2004; Pratt et al., 2014; Urlich, 2020a). Moreover,
although government reports have lately summarized and
described cumulative effects of multiple stressors on marine
ecosystems (e.g., Ministry for the Environment and Statistics
NZ, 2019), activities continue to cause ongoing adverse effects to
marine biodiversity and ecosystem processes, apparently, to
outsiders, with the permission of central (national) and
regional (sub-national) agencies.

International literature has focused on researchers needing
to improve their science communication styles, create effective
knowledge exchange and increase the accessibility of
information (Cvitanovic et al.,, 2016; Fernandez, 2016;
Greenhalgh et al,, 2022). Frameworks have been developed to
assist with this e.g., CRELE (credibility, relevance, legitimacy)
and ACTA (applicability, comprehensiveness, timing,
accessibility) to guide information presented at the interface of
science and policy (Greenhalgh et al., 2022). Our experience as
marine ecologists working in the field of disturbance and
recovery highlights that this may be a simplistic view. For
example, those who could ensure that the problems and
solutions identified by researchers are used in plans, policies
and decision-making frequently say that scientists focus on
unnecessary detail and sensitivities, rather than producing lay
summaries with clear understandings of risks and benefits of
different options. However, this ‘unnecessary’ detail frequently
provides the information needed to accurately contextualize and
detail the risks and benefits. Similarly, planning legislation often
uses the existing, and often degraded, ecological baselines from
which to assess effects of activities and to measure change, failing
to recognize how these baselines have shifted (e.g., Urlich and
Handley, 2020). This constrains the scope in decision-making,
planning and policy to facilitate restoration of degraded habitats.
Scientists have sometimes not helped this situation, with overly
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cautious advice in the absence of complete information
(Hendy, 2016).

Beyond the obvious differences in language and underlying
concepts between marine researchers and those who could use
the information, we feel that there are also many other issues. In
this opinion piece, we begin by discussing misunderstandings
caused by different use of languages and concepts. We also
discuss: the difficulties of getting information to the right people
at the right time; the effect of uncertainty surrounding the
information (knowledge limitations and funding); and top-
down constraints (laws, politics and agency objectives). We
use Aotearoa-New Zealand examples to highlight these issues
and discuss potential solutions. Our focus is not just on policy
but also on planning and decision-making.

2 Issues
2.1 Misunderstandings

2.1.1 Scientific concepts

Translating the complexity of social-ecological systems, and
their associated uncertainties, into accessible language for both
science and non-science (i.e. policy, planners) audiences is
critical (Le Heron et al.,, 2016; Gluckman, 2017). Over-
simplification of complex ecological systems may result in
failing to consider key environmental drivers or anthropogenic
stressors, and incomplete understanding of systems dynamics
and resilience (Scheffer et al., 2001, Lundquist et al., 2016a). In
the Introduction we highlighted a problem associated with
shifting baselines, but there are other essential science
concepts that are often not considered by policy makers. For
example, marine spatial planning has been influential in
conveying the need to explicitly consider the mismatches
between planning, decision-making and management with the
ecology and environment. However, the realities of temporal
variability in ecologies and their dynamics are important issues
that are not well conveyed to the non-expert in such plans.
Increasingly we are observing tipping points and thresholds in
degradation of marine species and systems (Conversi et al,
2015). These abrupt, and often unexpected, changes mean that
the operational practice of monitoring, predicting the need for
action based on dose-response type relationships and having at
least some time for institutions to make decisions around
management frequently no longer work. Instead, we not only
need to explain that a threshold may be approaching (despite no
signs of any effect), but also that timely action is required
(Hewitt and Thrush, 2019). Furthermore, when a threshold is
passed and ecological states are degraded, then we need to
predict whether recovery is possible once management actions
to aid recovery are implemented and explain the likely time
scales of any lags in recovery. In general, threshold responses
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and slow recovery appear much easier for Aotearoa-New
Zealand indigenous communities (iwi (tribal), hapa
(subtribal)) and the wider public to understand, and for them
to support timely management actions, than for most businesses
and government management agencies (McCarthy et al., 2014).
This has been demonstrated in various ways and places around
Aotearoa-New Zealand. For example, recent iwi and public
pressure to close scallop fisheries, and over 50,000 signed a
petition to ban bottom-trawling on seamounts in 2020, https://
www.rnz.co.nz/news/political/430888/bottom-trawling-
petition-delivered-to-parliament.

Variability in coastal ecosystems is also viewed differently
among planners, managers and ecologists. In Aotearoa-New
Zealand, temporal variability in coastal ecological and
environmental responses can be particularly high because the
southern decadal oscillation and El Nifo/-La Nifa weather
patterns have a strong effect on physical, chemical and
biological parameters (Hewitt et al., 2021). The problem here
is not convincing people that climate variability occurs, as in
Aotearoa-New Zealand the El Nifio or La Nifia statistics are
frequently reported on during the year, rather it is convincing
them that this does not preclude understanding what is going on,
and that small effects within this climate variability can still drive
large changes.

2.1.2 Indigenous world views

Many countries need to work with Indigenous people when
managing the environment (e.g., Soumi in Finland and Norway,
First Nations in Canada, Aborigines in Australia, Mapuche in
Chile etc.). Aotearoa-New Zealand is increasingly seeking to
address Indigenous world views in its environmental
management, with Maori concepts, such as kaitiakitanga
(guardianship or stewardship for future generations) and
whakapapa (ancestral connections with the environment)
being incorporated in environmental management (Dick et al,
2012). Rivers and mountains have been given status as legal
persons in an attempt to recognize in law the ancestral
relationships of Indigenous peoples with these ecosystems, and
to change the power relationship between Indigenous people
and government agencies (Macpherson and Clavijo Ospina,
2018). Community activism for legal rights for rivers and
ecosystems has occurred in countries as diverse as Mexico, the
United States (US), Columbia and Bangladesh. Ki uta ki tai is a
holistic concept that represents the connectivity within and
between ecosystems for example from the mountaintops to the
sea, and the concept showcases that, from a holistic Maori
viewpoint, management should recognize the connections
between land and sea, and that humans are embedded in the
ecosystems (Tipa et al., 2016; Hepburn et al., 2019).

While we can attempt to translate these concepts into other
cultural contexts, we often lose the depth of the relationships
between Indigenous peoples and nature. Indigenous worldviews
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often more readily recognize environmental degradation, but
existing systems often lack structures to incorporate indigenous
knowledge into decision-making, and entrenched power
dynamics mean that the role of indigenous peoples, their
knowledge and their worldviews are often not recognized as
equal to scientific evidence (Ens et al., 2015).

2.1.3 Sectoral and discipline linguistic
differences

Languages also differ between different groups interested in
environmental management, with different bottom lines
(economic, societal, cultural, environmental) based on their
key values. Terminology can appear similar, but when used in
the context of a particular industry, meanings can differ. For
example, the terms “baselines”, “business as usual”, and
“sustainability” all have different interpretations across
industry, government and environmental sectors. Similarly,
many terms can become politically charged within a
particular group due to perceived biases against the values of
that group, and quickly fall out of favour. For example, marine
protected area (MPA) and marine spatial planning (MSP) are
terms that include a wide spectrum of approaches, but
contentious debate is often based on a single approach.
MPAs may be spoken of as if they only consist of fisheries
no-take, although in Aotearoa-New Zealand, and many other
countries, there are a range of protection levels (Douvere, 2008;
Day et al., 2012; Grorud-Colvert et al., 2021). In some countries
(including European Union countries), marine reserves (a
subset of MPAs) prohibit any resource extraction (e.g.,
OSPAR, 2016, and sections of the Great Barrier Reef
Fernandes et al, 2005). MSP may be relegated to simply
being spatial allocations of various extractive uses
(businesses) or always resulting in the production of an MPA
(fishers), whereas it can be an extensive exercise with multiple
stakeholders and create a variety of management options
(Lundquist et al., 2005; Sayce et al.,, 2013; Davies et al,,
2018a). A recent marine spatial planning initiative in
Aotearoa-New Zealand (Sea Change Tai Timu Tai Pari
Hauraki Gulf Marine Spatial Plan) at one stage drafted over
180 recommendations spanning multiple management
categories (e.g., Marine protection, Protected Species,
Aquaculture, Habitat restoration, Biosecurity, Ahu Moana,
Fisheries management, Governance).

Ecosystem-based management (EBM) is another term that
has evolved over recent decades from a simple approach
considering the environment to a complex concept that also
covers people, intergenerational use and knowledge uptake etc
(McLeod and Leslie, 2005; Long et al., 2015; Hewitt et al., 2018).
Again, the term is interpreted differently by different people. For
example, in many areas around the world, the fishing sector has
introduced the concept of EBFM, which is typically defined as
fisheries management that takes into account environmental and
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ecological impacts on an ecosystem, and the interconnectedness
and interdependence of various components of the ecosystem,
but does not take into account the needs of other users.

Knowledge gathering approaches and analyses also vary
across disciplines such as biophysical sciences, indigenous and
local knowledge, legal, social, and economic data (Allison et al.,
2019). This also affects use of the term “best” available
information, which can be found in a number of New Zealand
policies and statutes (Davies et al., 2018b), with what is “best” for
one situation not being the most relevant in another (Rudd
et al., 2018).

Finally, probably the greatest variability in expectations
between groups is generated by use of the terms “degraded”,
“healthy” and “desired states”. In Aotearoa-New Zealand, policy
is leaning towards defining environmental health states,
measured by nationally consistent methods, and encouraging
locally derived targets or bottom lines based on local values.
Even this is not easy as, amongst ecologists, health can be
variously associated with ecological functioning, multi-
functionality, network connectivity, or animal or plant
community-based health indices.

2.2 Mismatches between timing of
information need and its availability

At present in Aotearoa-New Zealand, scientists need to time
delivery of information to match policy and planning needs.
Some of these needs are cyclic, with the timing dependent on the
relevant government agency. For example, the New Zealand
Coastal Policy Statement (NZCPS, see section 4.1) is mandated
to safeguard the integrity, form, functioning and resilience of the
coastal environment and sustain its ecosystems, including
marine and intertidal areas, estuaries, dunes and land and is
reviewed at the discretion of the Minister of Conservation. Since
this policy statement first came into force in 1994, it has been
reviewed twice (with no amendments made) and replaced once
(in 2010). Other central government agencies have less clear
work structures, driven by funding and political imperatives. For
example, Fisheries New Zealand conducts single species fish
stock assessments for the most important species every 3 to 7
years, but some stocks may be assessed much less frequently
(Cryer et al,, 2016; Gerrard, 2021), if at all (Ministry for the
Environment and Statistics NZ, 2022). Stock assessment funding
is allocated by fisheries working groups, with stocks receiving
assessments driven by working group priorities, and tied to
economic value. The Ministry for the Environment conducts
reviews of, and produces new, national policies with no set time
periods for review. Regional Councils (the local government
agencies) are charged not only with implementing the NZCPS,
but also creating a coastal plan for their region and reviewing
this at least every 10 years. Less than half have implemented the
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2010 NZCPS and all 16 regional management agencies work to
their own timetables (Urlich et al., 2022).

Timing of policy windows was also recognized by Karcher
et al. (2022) as a key factor in uptake of science into
environmental management internationally. They also rightly
recognized a “time for action” where knowledge is presented at
the time when people are willing to change and create improved
environmental outcomes. All of this means that researchers have
to be nimble in adjusting their research schedules to have
knowledge ready for use and contacts that will forewarn them
about when it will be needed.

2.3 Knowledge uncertainty

2.3.1 Data limitations

A major challenge for all those seeking to manage the marine
environment is knowledge sufficiency. Around the world there is
strong variability in what is known about coastal marine species
and habitats ranging from well-studied areas of the Western
European countries and North America, through to less well-
studied areas around South-east Asia, South America and the
Pacific (Costello et al., 2010; Lundquist et al., 2016b). In
Aotearoa-New Zealand there has been a sustained under-
investment in nationally coordinated marine environmental
monitoring (Parliamentary Commissioner for the
Environment, 2020). Regional Councils and central
government have responsibilities for providing state of the
environment data to the Ministry for the Environment and
Statistics New Zealand. This is used for national reporting but
the list of variables monitored in common is not comprehensive,
varies spatially, and often is insufficient to inform long-term
change, or in some cases to confirm that changes have occurred.
For coastal regions, even basic oceanographic information such
as seawater temperature is not available to inform how systems
are changing over time. The lack of consistent data collection
challenges our ability to determine when to alter plans, policies
or decision-making criteria (Parliamentary Commissioner for
the Environment, 2019).

While measures of ecosystem health and environmental
baselines provide important context for management
decisions, understanding shifts in ecosystem function is
critical. Worldwide there is a lack of knowledge around the
functional responses of coastal ecosystems to cumulative
stressors. Policy- and decision-makers, as well as researchers,
resource managers, businesses or interested communities,
struggle with this lack of knowledge and the uncertainty it
creates. Lack of information is often used to stall creation of
policy and decision making, or even used by two opposing sides
to demonstrate what sort of decision should be made. Local
communities often want information about effects on their local
species or places, and may mistrust generalities derived from
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elsewhere. While functional shifts require an understanding of
context, ecological principles are evolving that provide
perspective on the detail and facilitate action in the face
of uncertainty.

“Adaptive management” is an approach frequently
suggested to deal with lack of data. In Aotearoa-New Zealand,
for activities that come under the Resource Management Act,
this term is taken to mean that a limited form of the activity is
allowed if there is good baseline information about the receiving
environment, monitoring of effects can be undertaken and
thresholds can be set for stopping the activity before effects
become irreversible (Supreme Court, 2014). Where responses to
activities are approximately linear (that is remedial action can
take place before effects become overly damaging, and effects can
be remedied before becoming irreversible), this is an appropriate
way to gain more data without delaying decisions.
Unfortunately, if strongly non-linear responses, thresholds or
tipping points occur, and there is general lack of knowledge of
appropriate thresholds, this method is inappropriate and the
precautionary principle should operate.

In our experience, the precautionary principle suffers from a
lack of translatability resulting in uncertainties for both science
and non-science. For example, precautionary for who or what,
and precautionary in the face of what is usually not well
specified. This linguistic uncertainty allows cautious
environmental management to be challenged on the basis that
information is incomplete, such as the overharvesting of
desirable fish species (High Court, 2021).

2.3.2 Research funding

Economically, Aotearoa-New Zealand is a small country,
with a population of 5.1 m (per capita GDP is 21*' in the OECD),
but has the world’s fifth largest exclusive economic zone and the
gth largest coastline (~15,000 km) in the world. Aotearoa-New
Zealand’s national investment in research and development is
considered low at 1.4% of GDP in 2018 when compared with an
OECD average of 2.4%. In 2018 total expenditure on
environmental research was NZ$362 million (Parliamentary
Commissioner for the Environment, 2020). How much of this
investment is being spent on marine ecosystems is not
transparent, due to how funding categories for environmental
research are reported, but it is likely to be considerably smaller
than funding toward terrestrial and freshwater ecosystems, a
reflection of their ‘economic value’ to society. Most of the
government’s research funding works on an exceeding low
trust model. Allocation of funds to fundamentally understand
our natural environment (e.g., Marsden Fund) versus strategic
grants to support environmental management (e.g., Endeavour
Fund) all suffer from a lack of relevant scientific assessment
processes and represent a very small part of the governments
research investment. However, the National Science Challenges
(formed in 2014, https://www.mbie.govt.nz/science-and-
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technology/science-and-innovation/funding-information-and-
opportunities/investment-funds/national-science-challenges/)
were an experiment in more collaborative and mission-led
research, on pressing issues identified by the public. One of
these Challenges was given the objective, by the Government, of
“enhancing the use of New Zealand marine resources within
environmental and biological constraints”. Workshops with
marine researchers determined that an appropriate approach
to this objective would be to undertake the underpinning
research to support the use of ecosystem-based management.
This was accepted by the government funding agency and in
2014 Sustainable Seas (a partnership of research institutes and
universities) gained funding for 10 years (in two 5-yr phases)
with a vision of “Aotearoa New Zealand has healthy marine
ecosystems that provide value for every New Zealander”.
Sustainable Seas funds research projects using a mainly
negotiated process supporting bringing together the best
teams, following a research agenda initiated by a leadership
team and accepted by a governance group, stakeholder panel and
Maori advisory group (Kahui).

In the context of connecting scientific knowledge to
management action the real question is whether the funding
structure is optimized to grow the knowledge base and inform
environmental management in a manner timely for achieving
good environmental outcomes (see section 3.2).

2.4 Top-down constraints

2.4.1 Legal and political constraints

Researchers frequently may not fully appreciate the extent to
which policy, plans and decisions are constrained by the law and
political considerations. In Aotearoa-New Zealand there are
many pieces of legislation affecting the coastal environment
(see Figure 1), for example: the Maori Fisheries Act 2004; the
Conservation Act 1987; the Marine Mammals Protection Act
1978; the Marine Reserves Act 1971; and the Marine and Coastal
Area Act 2011. The Fisheries Act (1996) applies to all fishing
activity within freshwaters, the Territorial Sea and the EEZ, with
its purpose ‘to provide for the utilization of fisheries resources
while ensuring sustainability’, whereas regional councils are
legislatively tasked to manage activities including aquaculture
and the environmental effects of fishing on biodiversity out to 12
nautical miles, but not fisheries allocation or access issues.

The Resource Management Act (RMA) is the major legal
instrument for much of Aotearoa-New Zealand’s coastal
management (to 12 nautical miles offshore). Decision-making
under the RMA is guided by national policy statements; in the
coastal environment the New Zealand Coastal Policy Statement
(NZCPS) provides decision makers with specifics on how the
RMA is to be applied. A large body of case law has further
defined how the RMA is interpreted. Since the passage of the
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Aotearoa New Zealand'’s key marine legislation

Crown Mineral Act 1991

2004 - Wil Act 1955 - Biosecuity Act 1995

Marine Manmls Protecton Act 1978 + Mariime Transport Act 1994

FIGURE 1

Summary of Aotearoa-New Zealand major legislation related to the marine area (from 19679-Sustainable-Seas-Marine-Legislation-Graphic-
Nov20-FINAL.PNG (1920x1358) (sustainableseaschallenge.co.nz)). Grey shaded horizontal bars show the areas (terrestrial, coastal, territorial sea,
exclusive economic zone and international waters) that the pieces of legislation refer to. Horizontal lines at the bottom define the national and

international realms.

RMA in 1991 it has remained controversial, with complaints
ranging from lack of protection of the environment, lack of
clarity for decision makers leading to legal challenges, and for
making development of resource use slow and expensive (Brown
et al,, 2016; Randerson et al., 2020). Both major political parties
have seen the need for reform and the government of the day is
presently considering replacement legislation.

These laws, regulations, policies and plans constrain the
policies, plans and decisions made by central and regional
government agencies. Inevitably, they contain phrases that
allow for differing interpretations. For example, use of the
word “should” rather than “must” creates options of whether
to take an action or not, as does following the word “must” by
“take into account” or “consider”. Further many words are left

» <«

undefined, for example, “cumulative effects”, “precautionary”,
“adverse effects” and even “maintenance of biodiversity”. For
example, the RMA states that cumulative effects should be taken
into account.

Local government agencies are overseen by locally elected
representatives whose politics determine the balance between
economic, social or environmental imperatives. The balance
achieved in the decision or policy is not always transparently
communicated and biases can be created (or in the case of
existing uses) maintained. This balance is not always supported
by public surveys or submissions and communities can surprise
agencies in their desire to see environmental improvements
(Spash, 2006). For example, in Aotearoa-New Zealand, the
upgrade of the principal wastewater treatment plant in
Auckland was undertaken between 1998 and 2005, at a cost of
$450 million. A survey and public workshops around costs
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(reflected in rate increases) and options for treatment and
disposal resulted in support for high quality tertiary treatment.
Similarly, petitions to Parliament calling for controls on single-
use plastic bags had attracted over 103,000 signatures prior to
2018. This resulted in the Ministry for the Environment seeking
feedback on a proposal to implement a mandatory phase out
through a submission process. Total submissions received were
9,354 submissions with the majority supporting the proposal
(Ministry for the Environment, 2018).

Further constraints for decision-making result from
Aotearoa-New Zealand’s reliance on case law. Local decisions
are frequently challenged in the Environment Court, where
judges will often set precedents for future. Interestingly, this is
one area where researchers can have an influence and
information is actively sought (Urlich et al., 2022).

However, this court-based process does mean that new
policies and plans based on environmental research (even
when supported by local politicians and agencies) can be
slowed. Industries with investment based on previous
compliance may become litigious if their operations are then
to be constrained (e.g., by replanting controls on erodible slopes
to reduce excess fine sediment discharge into freshwaters and
(finally) estuaries). Litigation that scrutinizes the science and
cross-examines the scientist and their models is important but
the burden of proof often falls on the regulator (or iwi, hapa,
local community) to convincingly demonstrate the need for
change. Given the political implications, scientists within, or
contracted by, regulatory agencies can be understandably
cautious in their advice, unless the research clearly
demonstrates causal attributions. This is difficult to do where
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there are multiple stressors from different, often diffuse, sources,
such as a range of waste nutrients from intensive agriculture
discharged into freshwaters. Policy makers are understandably
nervous about scientific uncertainty if changes are to be made to
regulations. Consequently the regulatory system is reluctant to
shift from the status quo, and the expense of investment in
science to determine causality becomes prohibitive.

Recently some regional councils have attempted to move the
status quo and manage the effects of bottom trawling and
shellfish dredging on biodiversity of the seafloor. This issue
came to the Environment Court and eventually was determined
by the Court of Appeal finding that a regional council may
control fisheries, provided it does not do so to manage those
resources for Fisheries Act purposes. This means it may control
relevant activities for biodiversity purposes. However,
implementation of the court decision is proving problematic as
most regional councils have yet not introduced measures to
regulate the environmental effects of fishing, and some are
awaiting the result of legal challenges (Urlich, 2020b; Urlich
et al., 2022). Making ongoing budgetary provision for funding
the survey and monitoring of marine biodiversity is
also problematic.

Increasingly in Aotearoa-New Zealand resource plans
and policies need to reflect the interests of Maori as Treaty
of Waitangi (1840) partners alongside the Crown and
its representatives. Maori practice and knowledge of
kaitiakitanga (Kahui and Richards, 2014) are essentially
holistic and strongly based on Maori tribal (iwi and hapua)
knowledge (Matauranga). Matauranga is founded on place-
based dependencies and the interactions and relationships
with the environment. Policies, plans and decisions
increasingly need to demonstrate the use of Matauranga in
their development and, preferably, embed principles of co-
governance. This opens up new opportunities to link
traditional knowledge and different world views into the
development of environmental policy and actions.

2.4.2 Institutional objectives and silos

Environmental domain (land, freshwater and sea) and
geographic scale-specific management structures are common
around the world, and Aotearoa-New Zealand is no different
(Alexander and Haward, 2019; Flannery et al., 2019,
Macpherson et al., 2021).

There are three major central government agencies with
responsibility for the environment. All biosecurity issues are
dealt with by the Ministry for Primary Industries, who also have
oversight of Fisheries New Zealand. The Ministry for the
Environment (MfE) has a direct role in reflecting the
relationship between the Crown and Maori under the Treaty
of Waitangi and in monitoring the outcomes of environmental
decision-making. Under the RMA, MfE works with other
government agencies to develop national policy statements
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and national environmental standards. The Department of
Conservation (DOC) is charged with promoting conservation
of natural and historic heritage with specific roles in conserving
protected indigenous marine species (identifying and assessing
the adverse effects of fishing on marine mammals and seabirds)
and threatened non-protected species. It also has specific
responsibilities for coastal management (under the RMA),
including preparation of the New Zealand Coastal Policy
Statement; facilitating approval of all regional coastal plans by
the Minister; deciding on consents for Restricted Coastal
Activities; planning and consent responsibilities for the
offshore islands; and calling-in consent applications of national
significance in the coastal marine area.

Regional Councils (and in a few cases local unitary
authorities) manage other activities in terrestrial areas,
freshwater and the Territorial Sea. Their interests include
water provision, water treatment, parks, land development
zoning, ports, airports, etc. Council boundaries are generally
aligned with catchments, but can divide up marine systems.

There are two other agencies that also contribute to coastal
management. The Environmental Protection Authority (EPA),
established in 2011, has oversight of international obligations
under the UN Framework Convention on Climate Change, the
Kyoto Protocol, the Vienna Convention, and the Montreal
Protocol. In the marine environment, it has specific management
functions in the EEZ, but for the territorial sea it only evaluates
nationally significant proposals. The Parliamentary Commission for
the Environment is an independent agency, headed by a
commissioner appointed by the Governor General (as advised by
the House of Representatives). The Commissioner’s role is to select,
review and provide advice on environmental issues and the system
of agencies and processes that manage the environment. Recent
reports include “Managing our estuaries” August 2020 and “A
review of the funding and prioritization of environmental research
in New Zealand” December 2020.

The different objectives and statutory requirements of
different government agencies can result in policy settings and
research priorities in one agency conflicting with another’s
objectives or result in significant areas falling through the gaps
(e.g., estuaries management as highlighted by the PCE
“Managing our estuaries” August 2020). Information sharing
between central government agencies is only mandated in very
few instances, e.g., the Fisheries Act specifically brings DOC into
the assessment of fishing impacts on seabirds and mammals.
Information sharing is beginning to be more common between
agency scientists, for example, the recently created Marine
Science Advisory Group formed between MfE, DOC and MPI
to classify seafloor habitats. Co-governance initiatives with
Maori, due to their emphasis on holistic understanding, are
likely to aid in decreasing institutional silos at multiple levels.

Even within organizations, barriers can form. Central and
regional government agencies generally have teams (policy and
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scientists) and management plans grouped around terrestrial,
freshwater and marine areas. These artificial boundaries disrupt
management of cumulative stressors in coastal ecosystems that
often result from sediments and nutrients that are transported
from land through freshwater streams. For example, recent
regulatory plan changes to regional council catchment
management plans in Canterbury omitted to control the
effects of catchment pollution on an estuary, which was
required by the existing coastal plan as well as the NZCPS
(Urlich and Hodder-Swain, 2022).

The different objectives and statutory requirements of
different government agencies also affect researchers, in the
types of knowledge needed and through the level of certainty
and type of risk assessments required. For example, additive feed
fish farms require permission from regional councils to
discharge feed, and for most councils must produce a
comprehensive assessment of environment effects, including
on the water column, seabed, seabirds, marine mammals, and
sharks. An unpermitted activity on land also generally requires a
robust risk assessment with strong processes that include
assessing risks to the marine environment. In contrast,
permitted land-based activities, such as farming, and forestry
on low slopes, require no risk assessment, even when the activity
affects the marine environment. Similarly, in the marine
environment, information requirements are relatively minor
for assessment of the environmental effects of bottom-trawling
in neighbouring and wider areas, and even habitats of particular
significance to fisheries remain generally unidentified after 25
years of the Fisheries Act (Gerrard, 2021).
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3 Solutions

3.1 Science-policy liaisons

In Aotearoa-New Zealand, many marine management
agencies employ in-house scientists to commission research
they feel is needed to meet their objectives, to fill knowledge
gaps at appropriate times (section 2.2) and overcome resourcing
limitations. Importantly these in-house scientists ensure
research findings have accurate and robust lay-summaries
(section 2.1), that data limitations are understood (section
2.3.1), and that the findings are moved through the agency
once the research has been completed (see Figure 2). This liaison
or brokerage role has the potential to increase science use,
allowing researchers the freedom to focus on ensuring that the
underlying research has been done rigorously and is therefore
available to guide actions and support a range of solutions.

However, successful use of research in policy formation and
planning relies highly on evidence-based policy and planning
development models. To date, in Aotearoa-New Zealand, there
are no written requirements for agencies to use scientific data
when creating policies, and no process for science-policy liaisons
to affect legislation, politics or agency goals (Figure 2). There is
an expectation that policy is evidence-based and recently (2021)
the Department of the Prime Minister and Cabinet (DPMC) has
bought out a policy quality framework - “The Policy Quality
Framework - Quality Standards for written policy and other
advice (dpmc.govt.nz)” that gives some guidance on the 4 major
points that should be covered: context, analysis, advice and action.
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Summary of issues and presently used and suggested solutions for Aotearoa-New Zealand. Issues are labelled as they occur in the text.
Solutions for the issues are tracked to each issue and colour coded by the solution. Issues are numbered as they are presented in the text,
although without the preceding section 2 number. Solutions and issues that are adversely affected by issues are connected by a dashed line.
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For analysis it states (final point out of 4) “is well informed (i.e. by
up-to-date data, evidence, knowledge, experience, and research
from New Zealand and overseas)”. However, statements at the
start are relatively weak, e.g., “These standards will help you assess
and improve the quality of your agency’s written policy and other
advice, and whether it is fit for purpose——sometimes not all
standards will be applicable”.

Success also relies highly on effective individuals
(Greenhalgh et al., 2022; Karcher et al., 2022). When liaison is
working, trust is built, with existing relationships allowing for
sharing and transparency, and clarification when concepts or
outputs are not understood. Iterative conversations at the
science-policy interface can improve understanding of the key
opportunities for all parties, with those opportunities more likely
to be realized when information flow permeates the agency and
other interested parties. While some recommend hierarchical
flow of information summaries (Dicks et al., 2014), the
information flow process will be unsuccessful if its underlying
information is incorrectly interpreted. In addition, uptake into
policy can be poor if agency scientists are low in the
management hierarchy or are not effective communicators
(Greenhalgh et al., 2022). Without a strong science-policy
liaison, outdated concepts can be perpetuated, science content
reduced, and policy-sized chunks reinterpreted and snipped at
each stage up the food chain resulting in incorrect policy advice,
plans or decision making.

There are high rates of people turnover in central and regional
government agencies in Aotearoa-New Zealand, e.g., 20%-26% for
the 2015-2019 period at the Ministry for the Environment. People
turnover disrupts relationships with researchers and with others,
as time is required to re-establish these relationships and the trust
that underpins acceptance of science outputs (Greenhalgh et al,
2022). People turnover and the accompanying loss of agency
knowledge can result in problems navigating procurement policies
to ensure appropriate research providers are engaged. Agency
memory also affects maintenance of datasets and knowledge,
wasting scarce resources on reinventing the wheel and not
including relevant data in decision making.

High people turnover does offer an opportunity to
researchers, as people who have worked in many agencies can
build knowledge and connections across them. The National
Science Challenge Sustainable Seas has taken advantage of such
people, embedding them into projects to guide policy
interactions. Conversely, training of new staff by those
remaining can re-enforce the status quo, as agencies’ cultures
can be resistant and slow to reform (institutional inertia).

3.2 Co-development and
transdisciplinary projects

Aotearoa-New Zealand is transitioning its government-
funded environmental research from inter- and multi-
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disciplinary (e.g., between biological physical researchers and
human geography researchers) to trans-disciplinary research
(integrates knowledge across academic disciplines with non-
academic stakeholders to address societal challenges).
Transdisciplinary research engages stakeholders in significant
ways throughout the research process, preferably by co-
developing projects. In the view of the government funding
agency (Ministry of Business, Innovation and Employment
(MBIE)), co-development should deliver a partnership between
different knowledge systems, thus helping to achieve management
action or policy change. MBIE states a preference for projects that
encompass a wide range of stakeholders from central and local
government agencies, to businesses and local communities.
Projects are expected to also partner with Maori entities,
responding to their needs at a variety of levels, utilizing their
knowledge and providing any capacity building needed. Thus, co-
developed projects should more successfully address the issues
solved by successful science-policy liaisons, including gaining
funding (2.3.2) and providing a process for affecting agency
goals (2.4.2). However, it stops short of providing any process
whereby legislation and politics can be influenced (Figure 2).

Co-development offers considerable benefits for researchers,
ranging from stakeholders understanding other perspectives,
through policy development, to education about science and
other knowledge systems. Sometimes the projects can offer a
“safe” space for policy makers, planners and environmental
decision makers to explore new thoughts. Unfortunately, in
our experience working as researchers in such projects, there
are several emerging barriers.

* High transaction costs, in terms of researcher time and
organizational resources to write grant applications with no
guarantee of funding, is inefficient, ineffective and a
significant barrier to early career researchers. Currently,
much of the funding for this type of research is
competitive. Conversely, the Sustainable Seas National
Science Challenge has worked with a negotiated process
where topics, outcomes and funding are set at a high level
and negotiated with a research team (see section 2.3.2).
However, high transactions costs still occur, such as those
from ongoing co-development processes which can be
intensive due to frequent turnover in partners from agencies.

* Environmentally focused proposals not only need to
demonstrate that the research is needed, but also need
to guarantee delivery of results within 3 to 10-years, with
at least some use of the results by businesses, decision-
makers, planners or policy within that time period.

* Co-development partners are often time-poor people in
operational roles with a limited ability to create change
in their own organization. Many central and regional
government agencies are not mandated to act on
research findings. As we move to partnerships and co-
production of solutions involving many different
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partners, we need to move into spaces of shared
responsibility and actions.

* New initiatives to co-develop projects with Maori
partners e.g., MBIE’s Vision Matauranga funding
program) are building engagement and involvement in
proposal development and in research itself, but these
often tax the time capacity of individual Maori as many
roles in iwi, hapu and Maori trusts are often only one
person deep.

» Transdisciplinary research is a very human and organic
process, yet in Aotearoa-New Zealand funding requires
predictions in the proposal as to the timing of steps and
milestones (more than one per year are expected) and
then reporting on these from 3 monthly to annually. If
transdisciplinary research is the way forward, central
funding agencies need to create new structures that can
accept that progress, like the environment we are trying
to manage, is not linear and predictive, but requires
flexibility to accommodate engagement and knowledge
sharing with stakeholders. Reporting requirements
could also be simplified, following the proliferation of
reporting, accountability, and technical advisory groups
and boards, that while required to some degree, often
take up significant portions of research funding, and
research time to manage.

3.3 Using education to build
understanding across society

We urgently need to develop the ability of legislators,
planners and policy- and decision-makers to understand
complexity and stop trying to find a “silver bullet” or a “one
metric” solution. We also need to shift emphasis from short-
term economic imperatives to long-term environmental
outcomes that support healthy ecosystems and also increase
transparency in decision-making (Tadaki et al., 2021). The
chances of good environmental outcomes for the next
generation will increase with training to navigate different
knowledge systems and undertake the joined-up thinking
needed to transform relationships between people and
nature. We need to foster development from school
children through to universities, and on to whole-of-career
learning. Ecology should be a foundation paper for degrees in
business, planning etc. In a world of mis-information,
alternative facts and complex problems, a critical skill for
all is to know when to trust and how to judge the value of
knowledge. Part of this may also need a shift in media focus
from short catastrophic, or adversarial, stories to deeper
narratives. We feel that education to build understanding
across society is essential for solving issues related to using
knowledge to support our environment (Figure 2).
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Enthusiasm for science and an awareness of our
interactions with the environment is beginning to be built
into the Aotearoa-New Zealand school curriculum, generally
on an area-by-area basis. For example, a curriculum around
Ecosystem-based management is being developed for
secondary school students through interactions between
researchers and Marlborough Girls College. A group of
schools (from primary to secondary) around the Manukau
Harbour are interacting with researchers and scientists from
Auckland Council, to understand the health of the harbour,
what could be done to manage it better and how science can
help. Ecologists working in marine science in many of
Aotearoa-New Zealand’s universities are co-supervising
students working across the biophysical science, social
science and economic disciplines in an effort to embed
complexity and transdisciplinary understandings into
students. Some of these students are already graduating and
moving into various roles in government agencies.

An obvious next step is to add law into the educational
mix to ensure that non-lawyers, lawyers and courts
understand the implications of the language and concepts
that science and policy use and vice versa. In the Sustainable
Seas National Science Challenge, marine ecologists, policy
makers and decision makers from multiple organizations are
also working with environmental lawyers.

Many Maori concepts are beginning to resonate in the
general public, with the increasing teaching of Te Reo (Maori
language) in schools and institutions and the embedding of
Matauranga in all government agencies and partnership with
science. These concepts serve Aotearoa-New Zealand well in
articulating the importance of our connections with nature and
bringing long-term benefits to the forefront of decision making.

Whether or not such educational initiatives will be a
successful solution is yet unknown. We feel optimistic that
this new knowledge and perspective is slowly diffusing out
from successful science-policy liaisons and co-developed
projects (particularly those including Maori partners).
Directly targeting education initiatives is, however, required
to speed up this process. Certainly, without the ability to
create better cross-discipline, science-informed and nature-
focused people across all of Aotearoa-New Zealand, science
researchers will be continually doomed to having only
marginal impact with our research, often after avoidable
degradation, or restoration failures, have occurred.

4 Conclusions

Finding the place and role for environmental science in
Aotearoa-New Zealand and the world is a non-trivial task. We
must prize rigorous and relevant science and scholarship but
embed this in society to effect the necessary fundamental change.
Science’s declaration of the existence and nature of the
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Anthropocene demonstrated that everything is connected, and
that critical problems are multi-dimensional and multi-scalar.
Our experience shows many barriers on the path to
increasing the use of science in policy, plans and decision-
making. Science researchers can help with barriers relate to
different language and concepts, and how to deal with
complexity, uncertainty and lack of knowledge, assuming that
planners, policy-makers and decision-makers are allowed to
listen and foster innovative solutions. However, other barriers,
for example, legal and political constraints and conflicting
agency objectives are not within the ability of science
researchers to directly overcome. We agree that researchers
certainly need to do what they can in “taking the horse to
water”. However, we believe successful use of science to achieve
good environmental outcomes requires commitment across
society. This requires new approaches and capacity building
that can transform the ineffective or incremental ways of
approaching crises in biodiversity, sustainability and climate. It
also requires a conversation about values and norms towards
nature and transparency about how decisions are reached and
for what benefit(s). We, therefore, suggest that education from
junior levels through to universities has a crucial role to play.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material, further
inquiries can be directed to the corresponding author/s.

References

Alexander, K. A., and Haward, M. (2019). The human side of marine ecosystem-
based management (EBM): ‘Sectoral interplay’ as a challenge to implementing
EBM. Mar. Policy 101, 33-38. doi: 10.1016/j.marpol.2018.12.019

Allison, A., Fisher, K, Lundquist, C., and Davies, K. (2019). Knowledge and
information needed to inform cumulative effects management in aotearoa new
Zealand. Resour. Manage. J., 16-21.

Brown, M. A,, Peart, R,, and Wright, M. (2016). Evaluating the environmental
outcomes of the RMA (Auckland: Environmental Defence Society).

Conversi, A., Dakos, V., Girdmark, A, Ling, S., Folke, C., Mumby, P. ], et al.
(2015). A holistic view of marine regime shifts. Philos. Trans. R. Soc. B: Biol. Sci.
370, 20130279. doi: 10.1098/rstb.2013.0279

Costello, M. J., Coll, M., Danovaro, R., Halpin, P., Ojaveer, H., and Miloslavich,
P. (2010). A census of marine biodiversity knowledge, resources, and future
challenges. PloS One 5, €12110. doi: 10.1371/journal.pone.0012110

Cryer, M., Mace, P. M., and Sullivan, K. J. (2016). New zealand's ecosystem approach
to fisheries management. Fish. Oceanogr. 25, 57-70. doi: 10.1111/fog.12088

Cvitanovic, C., McDonald, J., and Hobday, A. J. (2016). From science to action:
Principles for undertaking environmental research that enables knowledge
exchange and evidence-based decision-making. J. Environ. Manage. 183, 864-
874. doi: 10.1016/j.jenvman.2016.09.038

Dale, P., Sporne, I, Knight, J., Sheaves, M., Eslami-Andergoli, L., and
Dwyer, P. (2019). A conceptual model to improve links between science,

policy and practice in coastal management. Mar. Policy 103, 42-49. doi:
10.1016/j.marpol.2019.02.029

Frontiers in Marine Science

10.3389/fmars.2022.898109

Author contributions

All authors contributed to the discussion around the barriers
and solutions and each wrote at least one section. JH assembled
the individual sections. All authors contributed to the article and
approved the submitted version.

Acknowledgments

All authors acknowledge the experience of being involved in
the National Science Challenge Sustainable Seas. Sustainable
Seas also provided a review of a draft of the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Davies, K., Fisher, K., Foley, M., Greenaway, A., Hewitt, J., Le Heron, R., et al.
(2018a). Navigating collaborative networks and cumulative effects for
sustainable seas. Environ. Sci. Policy 83, 22-32. doi: 10.1016/j.envsci.2018.01.013

Davies, K., Murchie, A. A, Kerr, V., and Lundquist, C. (2018b). The evolution of
marine protected area planning in aotearoa new Zealand: Reflections on participation
and process. Mar. Policy 93, 113-127. doi: 10.1016/j.marpol.2018.03.025

Day, J., Dudley, N., Hockings, M., Holmes, G., Laffoley, D., and Wells, S.
(2012). Guidelines for applying the IUCN protected area management categories
to marine protected areas (Gland, Switzerland: IUCN).

Dick, J., Stephenson, J., Kirikiri, R., Moller, H., and Turner, R. (2012). Listening
to the kaitiaki: consequences of the loss of abundance and biodiversity of coastal
ecosystems in aotearoa new Zealand. Mai J. 1, 117-130.

Dicks, L. V., Walsh, J. C,, and Sutherland, W. J. (2014). Organising evidence for
environmental management decisions: a ‘4S” hierarchy. Trends Ecol. Evol. 29, 607
613. doi: 10.1016/j.tree.2014.09.004

Douvere, F. (2008). The importance of marine spatial planning in advancing
ecosystem-based, sea use management. Mar. Policy 32, 762-771. doi: 10.1016/
j.marpol.2008.03.021

Ens, E. ], Pert, P., Clarke, P. A., Budden, M., Clubb, L., Doran, B., et al. (2015).
Indigenous biocultural knowledge in ecosystem science and management: Review
and insight from Australia. Biol. Conserv. 181, 133-149. doi: 10.1016/
j.biocon.2014.11.008

Fernandes, L., Day, J. O. N, Lewis, A., Slegers, S., Kerrigan, B., Breen, D. A. N,
et al. (2005). Establishing representative no-take areas in the great barrier reef:

frontiersin.org


https://doi.org/10.1016/j.marpol.2018.12.019
https://doi.org/10.1098/rstb.2013.0279
https://doi.org/10.1371/journal.pone.0012110
https://doi.org/10.1111/fog.12088
https://doi.org/10.1016/j.jenvman.2016.09.038
https://doi.org/10.1016/j.marpol.2019.02.029
https://doi.org/10.1016/j.envsci.2018.01.013
https://doi.org/10.1016/j.marpol.2018.03.025
https://doi.org/10.1016/j.tree.2014.09.004
https://doi.org/10.1016/j.marpol.2008.03.021
https://doi.org/10.1016/j.marpol.2008.03.021
https://doi.org/10.1016/j.biocon.2014.11.008
https://doi.org/10.1016/j.biocon.2014.11.008
https://doi.org/10.3389/fmars.2022.898109
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Hewitt et al.

Large-scale implementation of theory on marine protected areas,
establecimiento de Areas sin captura representativas en la gran barrera
arrecifal: Implementacion a gran escala de la teoria sobre Areas marinas
protegidas. Conserv. Biol. 19, 1733-1744. doi: 10.1111/j.1523-1739.2005.00302.x

Fernandez, R. J. (2016). How to be a more effective environmental scientist in
management and policy contexts. Environ. Sci. Policy 64, 171-176. doi: 10.1016/
j.envsci.2016.07.006

Flannery, W., Clarke, J., and McAteer, B. (2019). “Politics and power in marine
spatial planning”, in Maritime spatial planning (Cham: Palgrave Macmillan), 201-
217.

Gerrard, J. (2021). The future of commercial fishing in aotearoa new zealand. a
report of the prime minister’s Chief science advisor (Wellington: NZ Government).

Gluckman, P. (2013). The role of evidence in policy formation and
implementation. a report from the prime minister’s Chief science advisor
(Wellington: NZ Government).

Gluckman, P. (2017). Enhancing evidence-informed policy making: a report by
the prime minister’s Chief science advisor (Wellington: NZ Government).

Greenhalgh, S., Miiller, K., Thomas, S., Campbell, M. L., and Harter, T. (2022).
Raising the voice of science in complex socio-political contexts: An assessment of
contested water decisions. J. Environ. Policy Plann 24, 242-260. doi: 10.1080/
1523908X.2021.2007762

Grorud-Colvert, K., Sullivan-Stack, J., Roberts, C., Constant, V., Pike, E. P.,
Kingston, N,, et al. (2021). The MPA guide: A framework to achieve global goals for
the ocean. Science 373, eabf0861. doi: 10.1126/science.abf0861

Hendy, S. (2016). Silencing science (Wellington: Bridget Williams Books).

Hepburn, C. D, Jackson, A. M., Pritchard, D. W,, Scott, N., Vanderburg, P. H,,
and Flack, B. (2019). Challenges to traditional management of connected
ecosystems within a fractured regulatory landscape: A case study from southern
new Zealand. Aquat. Conserv.: Mar. Freshw. Ecosyst. 29, 1535-1546. doi: doi.org/
10.1002/aqc.3152

Hewitt, J. E., Bulmer, R. H., Stephenson, F., and Thrush, S. F. (2021). Sampling
frequency, duration and the southern oscillation influence the ability of long-term
studies to detect sudden change. Global Change Biol. 27, 2213-2224. doi: 10.1111/
gcb.15558

Hewitt, J., Faulkner, L., Greenaway, A., and Lundquist, C. (2018). Proposed
ecosystem-based management principles for new Zealand. New Zeal Resour.
Manage. ] 10-13.

Hewitt, J. E., and Thrush, S. F. (2019). Monitoring for tipping points in the
marine environment. J. Environ. Manage. 234, 131-137. doi: 10.1016/
j.jenvman.2018.12.092

High Court (2021). Royal forest and bird protection society of new Zealand
incorporated v minister of fisheries and others. NZHC 1427 (Wellington: Courts of
New Zealand).

Kahui, V., and Richards, A. C. (2014). Lessons from resource management by
indigenous maori in new Zealand: governing the ecosystems as a commons. Ecol.
Econ. 102, 1-7. doi: 10.1016/j.ecolecon.2014.03.006

Karcher, D. B., Cvitanovic, C., van Putten, I. E.,, Colvin, R. M., Armitage, D.,
Aswani, S., et al. (2022). Lessons from bright-spots for advancing knowledge
exchange at the interface of marine science and policy. J. Environ. Manage. 314,
114994. doi: 10.1016/j.jenvman.2022.114994

Le Heron, R,, Lewis, N, Fisher, K., Thrush, S., Lundquist, C., Hewitt, J., et al.
(2016). Non-sectarian scenario experiments in socio-ecological knowledge building
for multi-use marine environments: Insights from new zealand's marine futures
project. Mar. Policy 67, 10-21. doi: 10.1016/j.marpol.2016.01.022

Long, R. D, Charles, A., and Stephenson, R. L. (2015). Key principles of marine
ecosystem-based management. Mar. Policy 57, 53-60. doi: 10.1016/
j.marpol.2015.01.013

Lundquist, C. J., Fisher, K. T., Le Heron, R., Lewis, N. L, Ellis, J. I, Hewitt, J. E.,
et al. (2016a). Science and societal partnerships to address cumulative impacts.
Front. Mar. Sci. 3, 2. doi: 10.3389/fmars.2016.00002

Lundquist, C. J., Granek, E. F., and Bustamante, R. H. (2005). Implementation
and management of marine protected areas. Conserv. Biol. 19, 1699-1700. doi:
10.1111/§.1523-1739.2005.00270.x

Lundquist, C., Harhash, K. A., Armenteras, D., Chettri, N., Mwang'ombe
Mwamodenyi, J., Prydatko, V., et al. (2016b). “Building capacity for developing,
interpreting and using scenarios and models,” in The methodological assessment
report on scenarios and models of biodiversity and ecosystem services. Eds. S. Ferrier,
K. N. Ninan, P. W. Leadley, R. Alkemade, L. A. Acosta, H. R. Ak¢akaya, L. Brotons,
W. W. L. Cheung, V. Christensen and K. A. Harhash (Bonn, Germany: Secretariat
of the Intergovernmental Science-Policy Platform for Biodiversity and Ecosystem
Services), 225-253.

Macpherson, E., and Clavijo Ospina, F. (2018). The pluralism of river rights in
aotearoa, new Zealand and Colombia. J. Water Law 25, 283-293.

Frontiers in Marine Science

12

10.3389/fmars.2022.898109

MacPherson, E., Urlich, S. C., Rennie, H. G., Paul, A., Fisher, K., Braid, L., et al.
(2021). ‘Hooks” and ‘Anchors’ for relational ecosystem-based marine management.
Mar. Policy 130, 104561. doi: 10.1016/j.marpol.2021.104561

McCarthy, A., Hepburn, C,, Scott, N., Schweikert, K., Turner, R., and Moller, H.
(2014). Local people see and care most? Severe depletion of inshore fisheries and its
consequences for maori communities in new Zealand. Aquat. Conserv.: Mar.
Freshw. Ecosyst. 24, 369-390. doi: 10.1002/aqc.2378

McLeod, K. L., Lubchenco, J., Palumbi, S. R,, and Rosenberg, A. A. (2005).
“Scientific consensus statement on marine ecosystem-based management,” in
Communication partnership for science and the Sea (Marine Policy) 21.

Ministry for the Environment and Statistics NZ. (2019). Environment aotearoa.
new zealand’s environmental reporting series (Wellington: NZ Government).

Ministry for the Environment and Statistics NZ. (2022). Environment aotearoa.
new zealand’s environmental reporting series (Wellington: NZ Government).

Ministry for the Environment (2018). Phase out of single-use plastic shopping
bags: Summary of submissions (Wellington: Ministry for the Environment).

Nursey-Bray, M. ], Vince, J., Scott, M., Haward, M., O’Toole, K., Smith, T., et al.
(2014). Science into policy? discourse, coastal management and knowledge.
Environ. Sci. Policy 38, 107-119. doi: 10.1016/j.envsci.2013.10.010

OSPAR (2016). Available at: https://oap.ospar.org/en/ospar-assessments/
committee-assessments/biodiversity-committee/status-ospar-network-marine-
protected-areas/assessment-reports-mpa/2016/.

Parliamentary Commissioner for the Environment (2019). Focusing aotearoa
new zealand’s environmental reporting system (Wellington: NZ Government).

Parliamentary Commissioner for the Environment (2020). A review of the
funding and prioritisation of environmental research in new Zealand
(Wellington: NZ Government).

Pratt, D. R, Lohrer, A. M,, Pilditch, C. A., and Thrush, S. F. (2014). Changes in
ecosystem function across sedimentary gradients in estuaries. Ecosystems 17, 182
194. doi: 10.1007/s10021-013-9716-6

Randerson, T., Brooking, R., Kimpton, D., Linzey, A., Peart, R., and Prime, K.
(2020). New directions for resource management in new Zealand: Report of the
resource management review panel (Wellington: New Zealand Government).

Rudd, M. A,, Dickey-Collas, M., Ferretti, J., Johannesen, E., Macdonald, N. M.,
McLaughlin, R., et al. (2018). Ocean ecosystem-based management mandates and
implementation in the north Atlantic. Front. Mar. Sci., 5, 485. doi: 10.3389/
fmars.2018.00485

Sayce, K., Shuman, C., Connor, D., Reisewitz, A., Pope, E., Miller-Henson, M.,
etal. (2013). Beyond traditional stakeholder engagement: Public participation roles
in california's statewide marine protected area planning process. Ocean Coast.
Manage. 74, 57-66. doi: 10.1016/j.0cecoaman.2012.06.012

Scheffer, M., Carpenter, S., Foley, J. A., Folke, C., and Walker, B. (2001).
Catastrophic shifts in ecosystems. Nature 413, 591-596. doi: 10.1038/35098000

Shears, N. T, and Babcock, R. C. (2002). Marine reserves demonstrate top-down
control of community structure on temperate reefs. Oecologia 132, 131-142. doi:
10.1007/500442-002-0920-x

Spash, C. L. (2006). Non-economic motivation for contingent values: Rights and
attitudinal beliefs in the willingness to pay for environmental improvements. Land
Econ. 82, 602-622. doi: 10.3368/1¢.82.4.602

Supreme Court (2014). Sustain our sounds incorporated v the new Zealand king
salmon company limited NZSC 40 [17 April 2014] (Wellington: Supreme Court of
New Zealand), 40.

Tadaki, M., Sinner, J., Sunde, C., Giorgetti, A., Glavovic, B., Awatere, S., et al.
(2021). Four propositions about how valuation intervenes in local environmental
politics. People Nat. 3, 190-203. doi: 10.1002/pan3.10165

Thrush, S. F., Hewitt, J. E., Cummings, V. J., Ellis, J. I, Hatton, C., Lohrer, A.,
et al. (2004). Muddy waters: Elevating sediment input to coastal and estuarine
habitats. Front. Ecol. Environ. 2, 299-306. doi: 10.1890/1540-9295(2004)002[0299:
MWESIT]2.0.CO;2

Tipa, G., Harmsworth, G., Williams, E., and Kitson, J. (2016). “Integrating
matauranga maori into freshwater management, planning and decision-making”,
in Advances in freshwater research. Eds. P. G. Jellyman, T. J. A. Davie, C. P. Pearson
and J. S. Harding (Wellington, New Zealand: New Zealand Hydrological Society
and New Zealand Freshwater Sciences Society Publication), 613-631.

Urlich, S. C. (2020a). Opportunities to manage sediment from forestry more
effectively in the Marlborough sounds and contributing catchments. New Zeal J.
For 65 (2), 28-35.

Urlich, S. (2020b). The motiti decision: implications for coastal management.
NZ Resour. Manage. J., April, 14-19.

Urlich, S. C., and Handley, S. J. (2020). From ‘clean and green’ to ‘brown and
down’: A synthesis of historical changes to biodiversity and marine ecosystems in
the Marlborough sounds, new Zealand. Ocean Coast. Manage. 198, 105349. doi:
10.1016/j.0ocecoaman.2020.105349

frontiersin.org


https://doi.org/10.1111/j.1523-1739.2005.00302.x
https://doi.org/10.1016/j.envsci.2016.07.006
https://doi.org/10.1016/j.envsci.2016.07.006
https://doi.org/10.1080/1523908X.2021.2007762
https://doi.org/10.1080/1523908X.2021.2007762
https://doi.org/10.1126/science.abf0861
https://doi.org/doi.org/10.1002/aqc.3152
https://doi.org/doi.org/10.1002/aqc.3152
https://doi.org/10.1111/gcb.15558
https://doi.org/10.1111/gcb.15558
https://doi.org/10.1016/j.jenvman.2018.12.092
https://doi.org/10.1016/j.jenvman.2018.12.092
https://doi.org/10.1016/j.ecolecon.2014.03.006
https://doi.org/10.1016/j.jenvman.2022.114994
https://doi.org/10.1016/j.marpol.2016.01.022
https://doi.org/10.1016/j.marpol.2015.01.013
https://doi.org/10.1016/j.marpol.2015.01.013
https://doi.org/10.3389/fmars.2016.00002
https://doi.org/10.1111/j.1523-1739.2005.00270.x
https://doi.org/10.1016/j.marpol.2021.104561
https://doi.org/10.1002/aqc.2378
https://doi.org/10.1016/j.envsci.2013.10.010
https://oap.ospar.org/en/ospar-assessments/committee-assessments/biodiversity-committee/status-ospar-network-marine-protected-areas/assessment-reports-mpa/2016/
https://oap.ospar.org/en/ospar-assessments/committee-assessments/biodiversity-committee/status-ospar-network-marine-protected-areas/assessment-reports-mpa/2016/
https://oap.ospar.org/en/ospar-assessments/committee-assessments/biodiversity-committee/status-ospar-network-marine-protected-areas/assessment-reports-mpa/2016/
https://doi.org/10.1007/s10021-013-9716-6
https://doi.org/10.3389/fmars.2018.00485
https://doi.org/10.3389/fmars.2018.00485
https://doi.org/10.1016/j.ocecoaman.2012.06.012
https://doi.org/10.1038/35098000
https://doi.org/10.1007/s00442-002-0920-x
https://doi.org/10.3368/le.82.4.602
https://doi.org/10.1002/pan3.10165
https://doi.org/10.1890/1540-9295(2004)002[0299:MWESIT]2.0.CO;2
https://doi.org/10.1890/1540-9295(2004)002[0299:MWESIT]2.0.CO;2
https://doi.org/10.1016/j.ocecoaman.2020.105349
https://doi.org/10.3389/fmars.2022.898109
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Hewitt et al.

Urlich, S. C., and Hodder-Swain, J. L. (2022). Untangling the Gordian knot:
estuary survival under sea-level rise and catchment pollution requires a new policy
and governance approach, NZ J mar. Freshw. Res. doi: 10.1080/
00288330.2022.2069131

Frontiers in Marine Science

13

10.3389/fmars.2022.898109

Urlich, S. C., White, F. R, and Rennie, G. G. (2022). Characterising the
regulatory seascape in aotearoa new Zealand: bridging local. regional and
national scales for marine ecosystem-based management. Ocean Coast. Manage.,
106193. doi: 10.1016/j.0ocecoaman.2022.106193

frontiersin.org


https://doi.org/10.1080/00288330.2022.2069131
https://doi.org/10.1080/00288330.2022.2069131
https://doi.org/10.1016/j.ocecoaman.2022.106193
https://doi.org/10.3389/fmars.2022.898109
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

	Barriers to coastal planning and policy use of environmental research in Aotearoa-New Zealand
	1 Introduction
	2 Issues
	2.1 Misunderstandings
	2.1.1 Scientific concepts
	2.1.2 Indigenous world views
	2.1.3 Sectoral and discipline linguistic differences

	2.2 Mismatches between timing of information need and its availability
	2.3 Knowledge uncertainty
	2.3.1 Data limitations
	2.3.2 Research funding

	2.4 Top-down constraints
	2.4.1 Legal and political constraints
	2.4.2 Institutional objectives and silos


	3 Solutions
	3.1 Science-policy liaisons
	3.2 Co-development and transdisciplinary projects
	3.3 Using education to build understanding across society

	4 Conclusions
	Data availability statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


