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Abstract

The ocean is ubiquitously impacted by humans as our activities expand at an increasing
rate. Marine spatial planning (MSP) is a process for analyzing and allocating space to
specific human activities, while accounting for ecosystems, to inform ocean management
and the use of ocean management tools. MSP has proliferated as an approach that seeks
balance between social, economic, and ecological objectives to use the ocean
sustainably. Despite its rapid uptake, the process continues to face critical challenges in
operationalizing theoretical best practices and struggles to deliver sustainability, as
socioeconomic development often takes precedence over conservation. Though MSP
promises an ecosystem-based, integrated, place-based, adaptive, strategic, and
participatory process, these principles have not fully come to fruition. The goal of this
thesis is to explore these challenges and develop guidance to amplify the potential of
MSP for biodiversity conservation and ocean sustainability, filling a void in the academic

discourse that is often descriptive and disjointed from the complex reality of MSP practice.

Using mixed methods, including systematic review, expert opinion survey, case study
analysis, and qualitative scoring, this thesis aims to identify how management tools might
deliver sustainability targets, how conservation might be embedded in MSP, and how
MSP principles might be translated into practice. Results highlight the importance of multi-
sector management tools for achieving ocean sustainability targets, and gaps in evidence
for social and economic outcomes from common spatial management tools. This
research identifies potential strategies for recognizing biodiversity as fundamental to
sustainable resource use, proposing the need for conservation ready MSP. Finally, this
research produces the MSP Index, a tool for gauging MSP progress based on principles.
The application of this tool to case studies revealed possibly persistent challenges in
implementing adaptive and participatory MSP. MSP holds the potential to support
ambitious goals for a healthy ocean; however, as processes adopt best practices, they
become increasingly complex, requiring significant and ongoing investments that may be
underestimated by the academic discourse. For MSP to meet its full potential, science
must engage deeply with practitioners to understand the realities of MSP and co-produce

sustainable solutions for a sustainable ocean.



General summary

Globally, there is no part of the ocean that is unimpacted by human activities. Now more
than ever, a coordinated approach to planning for when, where, and how we use the
ocean is needed. Marine spatial planning (MSP) has been widely accepted by scientists
and decision-makers as an approach that can help to balance social, economic, and
environmental objectives for the ocean. MSP is guided by the following principles:
sustainable use needs healthy ecosystems; linking across ocean users and regulators,
like government; adapting to change; purposefully planning over the long-term; and
including all people with an interest in the ocean. Despite nearly 20 years of practice in
MSP, the process still faces major challenges in using these principles and delivering the
promise of a sustainable and healthy ocean. The goal of this research is to explore these
challenges and develop guidance to help MSP achieve its full potential, filling a gap in the
scientific discussion that is disconnected from the complicated reality of MSP.

This research uses a combination of methods from the social sciences to identify how
common ocean management tools, like fisheries closures, might deliver goals for ocean
sustainability; how protecting nature might be better included in MSP; and how MSP
principles might be better used in practice. Research findings highlight the importance of
management tools that regulate more than one human activity for achieving sustainability
and show a gap in our knowledge of social and economic outcomes from these tools.
This research identifies potential strategies for showing how protecting nature is central
to ocean sustainability and describes the need for MSP that can enable these strategies.
Finally, this research produces a useful tool for understanding how well MSP practice has
used guiding principles. MSP has the potential to help achieve global goals for a healthy
ocean, but as MSP gets closer to best practices, it also gets more complex and needs
more investments. These issues might be underestimated by scientists. For MSP to reach
its potential, scientists need to work together with ocean planners and decision-makers

to create solutions that will deliver a healthy ocean.



Acknowledgements

Like marine spatial planning, this has been a lengthy process needing collaboration and
adaptation. I'm thankful to have had the support of many through the course of this
research. First, to Rodolphe Devillers, my co-supervisor: thank you for teaching me to
confidently express my ideas, for the spirited debates, and for appreciating my dry
humour. To Joachim Claudet, my other co-supervisor, thank you for encouraging me to
try things imperfectly and for showing me that science can be a pathway to change-
making. And thanks to you both for getting me to France! This experience changed me,
as a scientist and as a person, for the better. It has been an absolute honour and a

genuine pleasure to learn from you both — your mentorship means the world to me.

To Charlie Mather, my late-to-the-party co-supervisor, who has graciously tethered me to
the Department of Geography since 2020: your kindness, thoughtfulness, and support
getting to the finish line made all the difference. Plus, you taught me the value of coloured
paper and kokis, without which this thesis wouldn’t be complete. To Natalie Ban, my
supervisory committee member: this thesis has been improved by your wisdom and
attention to quality research. | am grateful to have been a part of the most incredible
department, full of clever students, interdisciplinary scientists, and cook-off-enthusiasts.
To Carissa Brown, thank you for your willingness to always lend a listening ear — you are
a bright spot in grad school. To the former Marine Geomatics Lab, Emilie, Mairi, Bea,
Simone, Callum, Brandon, Tash, and Aaron: thank you for the inspiration, your friendship,

and the ongoing “is a hot-dog a sandwich” debate that lives rent free in my brain.

While completing this PhD, I've journeyed into the world of activism, and | am thankful to
the many who have mentored me on this path. To Kelsey Wierdsma: thank you for
showing me the power of young voices and living the mantra “empowered women
empower women”. To Kyle Empringham of The Starfish Canada: thank you for showing
me a new, empathy-based way to lead — shantay you stay. To Andi White of Fisheries
and Oceans Canada: thank you for guiding me and inviting me into collaborations that

have opened new doors. To Gretchen Fitzgerald and Kristina Jackson of the Sierra Club



Canada Foundation: thank you for trusting in my leadership and for sharing your vision of

the environmental movement. My activism would not be the same without you.

To my family and friends: thank you for your unwavering support and for listening to my
ocean musings. Being a first-generation student is a wild ride, and I'm thankful to the
many who have tried to understand my world over these last four years. Finally, to my
husband, Peter: thank you for tolerating my too-busy schedule, for enduring years of long-
distance marriage, and for teaching me to write during undergrad. You always see my

brilliance, and you never once doubted that | could do this.

| am grateful to the organizations that provided funding for my research: the Natural
Sciences and Engineering Research Council of Canada (NSERC), the Mitacs Globalink
Award, the School of Graduate Studies of Memorial University, and the Queen’s Alumni
Association. During my studies, | have been honoured to receive the New Brunswick
Environmental Network’s Phoenix Award and recognition from the Corporate Knights as

a Top 30 Under 30 Sustainability Leader in Canada.



Table of contents

(7T o L=t = UYL 00 = Y/ i
F o3 4 g oV =To [o F=T g 1= o | £ iv
Table Of CONTENTS ..o Vi
LISt OF tADIES e aaaae IX
LIST OF fIQUIES et e e e e e e et ettt e e e e e e e e e eeabaa e e eeeeeeeennnes X
LiSt Of @DDIeVIAtIONS ..covvieiiiiee e e e e e e e e e e e e eeeanes Xii
LiSt Of @QPPENUICES ...coiiiiiiiiiiiieiee e Xiii
Positionality STAtEMENT ........ooiiiiiiiiiiiiiieeeee e X1V
R {1 o Yo [0 1 o 1 o USRS 1
I I = = od o {0 o RSP 1
1.1.1 Geography and ocean planning ..........cccooeeeeiiiiiiiiiiiiie e 1
1.1.2 State Of the OCEAN ......cevieieii e 1
1.2.3 Ocean science and sustainability ... 2
1.2.4 Ocean planning and Management ............ccoovviviiiiiiieeeeee e 6

1.2 RESEAICKH ODJECHIVES .....uiiiiiiiiiiiiiiiiititee bbb nenennee 9
RS 1Y 11 g ToTe (o] (o |2 10
1.4 Dissertation Organization ............cccceeeeeiiieeiiiiiie e e e eeeeeere s e e e e e e e e e e e eeanan 11
1.5 Co-authorship StateMENT ............uuuiuiiiiiiiiiiiii e 13
1.6 REFEIENCES ...ttt e e e e e e et et e e e e e e e e e eeaaasn e e e eeeeeeeennes 14

2. Benefits and gaps in area-based management tools for the ocean Sustainable

Development GOal.........ooiiiiiiiii 26
Y 0111 - Vo PR 26
P22 I 11 0 T ¥ Tox 1 o] o U 26
P2 Y =1 o o LU 28

2.2.1 Selecting ABMTS and OUICOMES ........ccovviiiiiiiiiiiiiiieiiieeeeeeeeeeeeeeeee e 28
2.2.2 Rapid SYSIEMALIC FEVIEW ......coiiiiiiiiiiiiiieeeeeee e 30
2.2.3 EXPErt OPINION SUMNVEY ......uuiieeiiiii et e et e et e e e e e e e e e e e aa e 32
2.2.4 CoNfideNnCe @SSESSMENT......ccciiiiiiiiiiiie e et e e e e e e e e e e e e eeeraa s 33
2.2.5 Linking ABMTS 10 SDG 14 targets ......ccovveiiiiiiiiiiiiiiiieieieieeeeeeeeeeeeeeeeeee e 35

Vi



2 3 R BSUIS . e, 36

2.3.1 Evidence of ABMT OULCOMES ........uuuuiiiieeeeeiieiiiie e e e ee e et e e e e e e e 36
2.3.2 CoNfidenCe @SSESSMENT.......ccoiiiiiiiiie e e e e e e 39
2.2.3 Linking ABMTS t0 SDG 14 targets .......ccoevviiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeee 41
I 1S ol 1 1 [0 o T 43
P2 o] o od 111 T o ST 47
2.6 RETEIENCES ... et e e e e e e e 47
3. Conservation ready marine spatial planning .........cccccoviiiieiiiiieiiicii e, 55
Y 01 1 = T 55
G 700 I 11 o o (1o 1o S 55
G JZ20 Y/ 1= 1 o To £ PR 56
3.2.1 Selection Of CASE STUAIES .......couviiiiie e 56
3.2.2 Document and themes analySiS .........ccoovviiiiiiiiiie e 57
BB RESUILS ..o e aaan 58
3.3.1 Conservation principles and prioritieS IN MSP ............ccviiiiiiiiiiiiieccee e, 58
3.3.2 Themes on conservation iN MSP ..........oooiiiiiiiii e 60
3.3.3 Conservation ready MSP .........ooooiiiiiiiiiiiiiiiieeeee e 63
G I 1Yo 1] o] o SR 67
G 3 0o [od 113 o] o SR 68
3.6 REIEIEINCES ... e e e e e e e e e ean 69
4. The MSP Index: A tool to guide and assess marine spatial planning ................ 74
Y 01 1 - Vo PRSPPI 74
0 R (o To 11 o 1o 1SR 74
Y =1 [ T PP 76
4.2.1. Identifying MSP fEAtUIES ........coii i 76
4.2.2. Developing & testing the MSP INAEX.......ccooeiiiiiiiiiiiiiiiie e, 77
A.3 RESUILS. ...t e eaaan 79
4.3.1. TNRE MSP INUEX ..uueiiiiiie et e e e e e e e eaees 79
4.3.2. Testing the MSP INAEX ........uuiiiiiiiiie e 82
B [~ o U 171 o TR 84
T ST @ o o 11153 [ o PP 88
G L=y (=] (= [ PP 88
T @ o3 11 F-3 o 1 1SRNt 93

vii



5.1 ReSEarCh CONTIIDULIONS ... e 93

5.2 Amplifying the potential of marine spatial planning..........cccccceeeeiiiieiieiiiiiee e, 97
5.3 Limitations and future research..........ccccooe i, 101
oI N o [od (1] o o SRR 104
5.5 REEIENCES ... 105
N o o =T Lo [T o =S 111
APPENIX A, CRAPLET 2.t e e e e e e e e e e e e e eee s 111
Al. Supplementary tabIES ............uuuiiiiiiiiii 111
A2. Supplementary fIQUIES ........oouuuiiiii e 116
PN o o= To [D e = T O F= T | (=T g T SRPPP 119
B1. Supplementary Mmethods ... 119
B2. CaSe StUAY OVEIVIEW.......eviiiiiiie e ettt e e e e e e e e et e e e e e e e eeannes 120
B3. Extended themes desSCriPtioN...........oouuiiiiiii e e e e 123
B4. Supplementary tables ... 127
B5. Supplementary fIQUIES ..........iii i 134
PN o] o= T [ O O g =T o] (= S SRR 135
C1. Supplementary tables ... 135
C2. Supplementary fIQUIES.......ccc.cc i 149

viii



List of tables

Table 2.1. Summary of literature-based evidence of area-based management tool
(ABMT) outcomes collected via rapid systematic review. Blue cells indicate outcomes
from synthesis-based evidence, including meta-analyses, systematic reviews, or
literature reviews, and show the number of studies reporting evidence. White cells
indicate the number of individual studies reporting evidence, for any outcome that was
not reported in synthesis-based evidence (see Methods). Values represent one study per
evidence record relating to an ABMT outcome, though some studies reported evidence
of more than one outcome or evidence from more than one ABMT and are therefore
counted in multiple cells where relevant. Evidence may report positive (+), negative (-),
or neutral effects (o) on the ABMT outcome. FPA, fully protected area; PPA, partially
protected area; LMMA, locally managed marine area; GRA, gear restriction area; FC,
fishery closure; TURF, territorial user right fishery; PSSA, particularly sensitive sea area.
Icons are attributed to Becris (LMMA), Freepik (FPA, PPA), Mavadee (PSSA),
Smashicons (FC), Surang (GRA), Wichai.wi (TURF) from www.flaticon.com ................. 29

Table 3.1. Differences across case studies in their inclusion of conservation in MSP, from
mention of conservation-centric guiding principles to references to specific conservation
management tools. Documents analyzed were (1) Royal Decree establishing the marine
spatial planning for the period 2020 to 2026 in the Belgian sea-areas and a public-facing
brochure; (2) Update of the Integrated Management Plan for the Norwegian Sea; (3)
Scotland’s National Marine Plan; (4) Welsh National Marine Plan; and (5) Marine Spatial
Plan for Washington’s Pacific COASE ...............uuuuuuuuiiiiiiiiii e 50

Table 3.2. Definitions of organizing and basic themes and the number of analytical
memos sorted into each basic theme per case Study ..........ccccuuvviiiiiiiiiiiiieeeeee s 53

Table 4.1. Characteristics of case studies selected to test functionality of the MSP index.
Intention reflects the high-level purpose of each case study, where coastal zone planning
focuses on integrated planning in that zone, conservation planning focuses on the
protection of biodiversity and ecosystems, and marine planning encompasses a broader
L0 €0 01 181, 5] = 71



List of figures

Figure 1.1. Increasing trend in publications related to the ocean, conservation, and
sustainability between 1997 and 2021. Data collected from Web of Science on January
15, 2022, using search string ("ocean*' OR "marine" OR "sea") AND ("conserv*' OR
"sustain*"* OR "health*" OR "protect* OR "Manage*”) ..........cccvvvieeeeiiiiiiiiiieer e 4

Figure 2.1. Area-based management tools and their potential ecological, social, and
economic outcomes assessed in this study. The selected tools have objectives for
biodiversity conservation, sustainable resource use, or both and regulate activities of
single or multiple sectors. Complete definitions of tools and outcomes are provided in
Tables A1 and A2. This figure presents positive effects on outcomes given their potential
contributions to SDG 14, though positive, negative, and neutral effects were collected as
evidence in this study. FPA, fully protected area; PPA, partially protected area; LMMA,
locally managed marine area; GRA, gear restriction area; FC, fishery closure; TURF,
territorial user right fishery; PSSA, particularly sensitive sea area ...............ccccccevvvvvvnnnns 21

Figure 2.2. Confidence assessment framework, adapted from IPBES (Intergovernmental
Panel on Biodiversity and Ecosystem Services, 2016), used to determine confidence in
the delivery of area-based management tool (ABMT) outcomes based on evidence from
rapid systematic review and expert opinions. Criteria for determining quantity and quality
of evidence and level of agreement among evidence are defined in Supplementary Table
6 and detailed in Figure A3. “Well-established” and “established but incomplete”
categories were considered to be high confidence categories, while remaining categories
were considered to be low confidence, for the purpose of linking ABMTs to Sustainable
Development Goal 14 targets (See Methods) .........coovviiiiiiiiiiiiiie e 26

Figure 2.3. Expert opinions (n= 75) on the expected effects of area-based management
tools (ABMTSs) on ecological, social, and economic outcomes. See Table A1 and A2 for
definitions of ABMTs and outcomes. FPA, fully protected area; PPA, partially protected
area; LMMA, locally managed marine area; GRA, gear restriction area; FC, fishery
closure; TURF, territorial user right fishery; PSSA, particularly sensitive sea area .......... 30

Figure 2.4. Confidence assessment of literature-based and expert opinion evidence for
the delivery of ecological, social, and economic outcomes from area-based management
tools (ABMTs). There is highest confidence in the delivery of “well-established” outcomes
(green) and lowest confidence in the delivery of “incomplete” outcomes (dark orange).
The effect direction for each outcome is indicated within each circle. For some
“established but unresolved” and “unresolved” outcomes, more than one effect direction
is indicated due to a lack of agreement among evidence. “Incomplete” outcomes do not
indicate an effect direction. FPA, fully protected area; PPA, partially protected area;
LMMA, locally managed marine area; GRA, gear restriction area; FC, fishery closure;
TUREF, territorial user right fishery; PSSA, particularly sensitive sea area ....................... 32

Figure 2.5. Potential contributions of area-based management tools (ABMTs) to
Sustainable Development Goal 14 (SDG 14) targets based on confidence assessments



of ABMT outcomes and the potential contributions of outcomes to SDG 14 targets. Circle
size is proportional to ABMT scores indicated in each circle (scores range from 0 to 102,
see Equation 1 in Methods). Crosses indicate an ABMT score of zero, meaning no
potential contribution of a tool to a target, based on current evidence and the relative
contribution of an outcome to a target. FPA, fully protected area; PPA, partially protected
area; LMMA, locally managed marine area; GRA, gear restriction area; FC, fishery
closure; TUREF, territorial user right fishery; PSSA, particularly sensitive sea area .......... 34

Figure 3.1. Occurrences of conservation principles and priorities referenced in MSP case
studies. References to codes related to conservation principles and priorities (A) as
percentages across all case studies and (B) as frequencies within individual case study
documents. Other codes include those with fewer than 15 references across all case

studies: “connectivity & coherence”, “ecosystem function”, “invasive species”, “long-term”,
and “restoration”. Sustainability-related codes include “sustainability”, “blue economy”,
“sustainable development”, “Sustainable Development Goal 14”, and “sustainable
resource use”. MPA related codes include “marine protected area”, “MPA network”, and

SPECITIC MP A . ettt e e e e e et e e e e e eaa e 51

Figure 3.2. Comparisons of conservation principles and priorities across MSP case
studies, showing percentage point deviation within each case study from the average
percentage of references per code across all case studies ...........ccovvvvvvvvvveiiiiiiiicininnenn. 52

Figure 3.3. Conservation readiness in MSP based on organizing themes derived from
case studies, where readiness is highest in plans that incorporate conservation using an
ecosystems as fundamental theme and lowest in plans that incorporate conservation
using a prioritizing €CoNOMY thEME .........ccooiiiiiie e e 56

Figure 3.4. Conservation readiness across MSP case studies. The relative importance
of organizing themes per case study is depicted with coloured circles for analytical memos
sorted into each theme (see Table 3.2) ......oovveeeeeii e 57

Figure 4.1. Features of the MSP index under foundational principles ecosystem-based,
integrated, place-based, adaptive, strategic, and participatory. To assess MSP progress,
each feature can score between zero and three points based on feature criteria
statements defined in the MSP index scoring guide (see Table C2) ............cccoceeviiininnns 72

Figure 4.2. Example scoring guide for three features from the MSP index under
ecosystem-based, place-based, and participatory principles. Case studies were scored
according to this guide (see Table C2) ... 73

Figure 4.3. MSP index scores for assessed case studies, where each petal represents
the score per MSP principle (ecosystem-based, integrated, place-based, adaptive,
strategic, and patrticipatory). The maximum score per principle is 18, depicted by the
number at the outer edge of each petal. The maximum possible MSP index score is 108,
depicted by the number in the centre of each flower plot ..., 75

Xi



ABMT
EU

FC
FPA
GRA
I0C
LMMA
MPA
MSP
OECM
PIPA
PPA
PSSA
SDG
TURF

List of abbreviations

Area-based management tool

European Union

Fishery closure

Fully protected area

Gear restriction area

Intergovernmental Oceanographic Commission
Locally managed marine area

Marine protected area

Marine spatial planning

Other effective area-based conservation measure
Phoenix Island Protected Area

Partially protected area

Particularly sensitive sea area

Sustainable Development Goal

Territorial user right fishery

Xii



List of appendices

APPENAIX AL CRAPTEIN 2 .o e 100
AL. Supplementary tables ..........ooooiiiiiiii e ————————————— 100
A2. Supplementary fIQUIES .........ooviieeiis e 105
APPENIX B. Chapter 3 ... e 108
B1. Supplementary Methods .............uuuiiiiiiiiiiiiiiie e 108
B2. Case StUAY OVEIVIEW .......uuuieiiiiiiiie i e e e e eeeeeee et s s s s e e e e e e e aeaaeeeaeeenaeeannnes 109
B3. Extended themes deSCrPLioN ..........uuuuiiiiiiiiie e 112
B4. Supplementary tables ............uuiiiiiiii 116
B5. Supplementary fIQUIES ...t 123
P o] o= g Yo [ Dt OF O ¢ =T o) (= S USRS 104
CL. Supplementary tables .........cccoiii i 104
C2. Supplementary fIQUIES ..........oeuiiiiiiaiiee et 138

Xiii



Positionality statement

When you close your eyes and think of the ocean, what do you see? What do you hear?
What do you feel? | see a vast blue horizon, peppered by the evergreen trees and rocky
shores of the Fundy Isles, the open Atlantic beyond. | hear the deep exhale of a nearby
whale and the joy of those experiencing it for the first time. | feel a salty layer of mist
across my face, the gentle rock of waves lulling the boat and its passengers into a shared
sense of wonder. | feel an immense curiosity and a call to action to protect this special

place that gives life to our planet.

For some, the path to becoming an ocean scientist is sparked by a clear moment: an
impactful childhood experience, an inspiring explorer, a particular charismatic ocean
species. For me, it is marked by many small moments, wrong turns, chance encounters,
and opportunities at the right time. A turn from human anatomy to animal physiology, a
pivot from ecology to marine management, a full transformation from natural to social
scientist, and a certainty that | can be both a scientist and an activist. This thesis is as
much an academic pursuit as it is my love letter (a very long one) to the ocean and all

those who feel pulled by the tide.

| approached this research under a lens of problem solving and solution building,
particularly to create something useful for ocean managers, planners, and decision-
makers. My early days in whale watching tourism taught me that the ocean is deceptively
quiet. This is a place that is teeming with life — from benthic organisms on the seafloor, to
migrating fish, to people building their lives in cadence with the ocean — and its existence
is more threatened today than ever before in history. | approached this research with a
view that ocean ecosystems cannot be disentangled from humans and intertwining
protection with prosperity is necessary if the ocean is to thrive. With this lens and, like
many students, a deep desire to be a part of change, | set off to explore, understand, and
amplify the potential of marine spatial planning for ocean conservation and sustainability.

Xiv



1. Introduction

1.1 Background
1.1.1 Geography and ocean planning

Geography is inherently interdisciplinary, recognizing the inextricable links between social
and natural systems (Baerwald, 2010). By contributing this interdisciplinary
understanding of the natural world, geography is often well-positioned to build knowledge
of natural resource management, sustainability, and biodiversity conservation (Harden,
2012; Skole, 2004). At the interface of natural and social sciences, geography can build
a more holistic understanding of ocean ecosystems, social systems, and economies, and
how these systems are interconnected. While geographers have been analyzing the
ocean for decades (Marmer & Vallaux, 1934; Smith, 2005), a particular subdiscipline has
emerged that explores marine resource management and can inform how ocean spaces
and resources are used, perceived, and managed (Levine, 2015). Approaches to
managing marine resources range from simple fishery regulations to multi-sector
management tools, accompanied by complex planning processes that account for
multiple uses of ocean resources in time and space (Day et al., 2019; Reimer et al., 2020).
This research applies the geographical lens to persistent challenges in planning for a
healthy and sustainable ocean, contributing to a deeper understanding of marine spatial
planning practice (MSP). As the ocean experiences rapid change (Halpern et al., 2019),
this research aims to amplify the potential of MSP for achieving global goals for marine

conservation and ocean sustainability.

1.1.2 State of the ocean

The ocean is the world’s great unifier, profoundly connecting our ecosystems, economies,
and communities. By 2030, ocean resources and industries are projected to contribute
over USD $3 trillion and provide over 40 million full-time equivalent jobs (OECD, 2016).
In the same period, 55% of the ocean will be susceptible to multiple climate change-
drivers (Henson et al.,, 2017). A healthy ocean is critical to the survival of humanity
(Laffoley et al., 2020). Despite its importance, year after year the ocean becomes warmer
(Cheng et al., 2019), more acidic (Doney et al., 2020), and loses life-sustaining oxygen



(Breitburg et al., 2018), affecting its ability to recover and support biodiversity (Duarte et
al., 2020). On a global scale, the benefits people receive from ocean ecosystem services
are declining (IPBES, 2019). Cumulative impacts in over half of the ocean are increasing
significantly, as nearly all ocean nations experience these impacts in coastal waters,
particularly due to climate change, fishing, and pollution (Halpern et al., 2019). Scientists
broadly agree on these critical threats, though they also identify societal failures, including
poor governance, as major threats to ocean ecosystems (Boonstra et al., 2015). Yet, the
ocean is often described by competing narratives: one where the ocean is vulnerable and
needing protection, and another where the ocean is an area of opportunity and
development (Voyer et al., 2018).

As economic interest in developing ocean industries continue to grow, management must
embrace this opportunity to drive efforts toward sustainable practices and measures that
reduce threats to the ocean and its resources (Lee et al., 2020). People around the world
perceive the ocean to be threatened by human activities, and support protection efforts,
though substantially fewer people believe that the ocean is currently in poor health (Lotze
et al., 2018). This disconnect, between current actions and consequences, may plague
the ocean with a lack of political will, inaction, and ineffective management solutions. The
ocean is in a state of crisis, simultaneously experiencing rapid ecosystem deterioration
and intense expansion of ocean industries (Jouffray et al., 2020). Still, hope remains.
Marine life can be rebuilt with urgent and significant effort to reduce pressures on the
ocean by mitigating climate change, protecting areas where biodiversity is abundant, and
recovering populations, habitats, and ecosystems (Duarte et al., 2020). The time for
sustainability solutions that ensure a healthy, productive, and equitable ocean for all has

come.

1.2.3 Ocean science and sustainability

Scientific attention to the ocean, its conservation, management, and sustainability, has
steadily increased since the early 2000s (Figure 1.1). As our understanding of the ocean
has advanced, so too have global commitments to managing and protecting the ocean.

Over the last decade, international conservation and sustainability agendas have come



to include specific ocean goals, recognizing its societal importance. In 2015, the United
Nations released the 2030 Agenda for Sustainable Development, which included 17
Sustainable Development Goals (SDGs). Among these is the first development goal
dedicated to ocean health, SDG 14: Life Below Water. SDG 14 comprises 10 targets that
collectively aim to “conserve and sustainably use the oceans, seas, and marine resources
for sustainable development” (United Nations General Assembly, 2015). Despite these
good intentions, fragmented governance systems have largely failed at achieving
ambitious conservation and sustainability goals, crediting this ineffective governance with
the deteriorating state of the marine environment (Young et al., 2007; Ntona & Morgera,
2018). If the goal is 100% sustainable ocean management, a commitment 15 nations

have made under the Ocean Panel (https://oceanpanel.org), management tools from

across ocean sectors must be used to address multiple, interacting, and accumulating
threats and impacts (Ban et al., 2014; Reimer et al., 2020; Spalding et al., 2016).
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Figure 1.1. Increasing trend in publications related to the ocean, conservation, and sustainability
between 1997 and 2021. Data collected from Web of Science on January 15, 2022, using search
string ("ocean*" OR "marine” OR "sea") AND ("conserv*" OR "sustain*" OR "health*" OR "protect*"
OR "manage*").
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As nations commit to national and international goals for a healthy and sustainable ocean,
balancing these goals with ambitions for ocean development will be critical. While SDG
14 targets generally aim to regulate activities, minimize impacts, and protect or restore
ocean ecosystems, the goal itself seeks to enable continued use and development of
ocean industries (United Nations, 2015). SDG 14 might be regarded as an enabling
condition for the “blue economy”, a concept emerging from the 2012 United Nations
Conference on Sustainable Development. The blue economy attempts to reconcile
economic growth with improved livelihoods, social equity, and the safeguarding of ocean
resources and ecosystems (FAO, 2015). Still, the blue economy narrative has often
emphasized production growth, rather than advancing social equity and human well-being
(Cisneros-Montemayor et al., 2021; Farmery et al., 2021). A sustainable and equitable
blue economy requires commitments to local communities, including inclusive
governance, considering impacts to human well-being, and sharing wealth derived from
need for governance that seek balance across ecological, economic, and social

objectives for the ocean.

Achieving SDG 14 will be important for overall global sustainable development, as SDG
14 targets are related to all other SDGs (Singh et al., 2018); however, these ambitious
targets for restoring marine ecosystems, enabling sustainable fisheries, and reducing
systemic challenges of pollution and acidification have been described as largely
aspirational rather than operational and measurable (Cormier & Elliott, 2017). To achieve
this goal, management-level guidance is critically needed (Diz et al., 2018; Haas et al.,
2019; United Nations Environment Programme, 2017). While science has a central role
in providing this guidance (Claudet et al., 2020), science that aims to inform decision-
making may be disconnected from the complex realities of planning and management

and therefore less useful to practitioners.

In a survey of 181 protected area managers, Lemieux et al. (2021) found that many do
not see the academic literature as relevant to their needs. As practitioners rely more on

professional knowledge and experience (Cook et al.,, 2010; Lemieux et al., 2021),



scientific research may lack relevance because it underestimates the complexities of
governance and management practice or practitioners may also simply lack the interest
or capacity to synthesize, contextualize, and follow scientific recommendations, being
already busy dealing with day-to-day challenges. The relevance gap between the science
being produced and the science needed and used by practitioners is growing,
necessitating research that has a specific and demonstrable effect on management
activities and increased interactions between researchers and decision-makers (Lemieux
et al., 2021). This gap is not new, McNie (2007) describes how the supply of scientific
information may be mismatched from the actual needs of decision-makers. In 2010, Cook
et al. found that few conservation practitioners managing over 1000 protected areas in
Australia used scientific evidence to support management. In Canada, policy and
management had substantially diverged from ocean science and, at the time, government
decision-making appeared to undermine its own legislated mandates for sustainable
ocean management and protection (Bailey et al., 2016).

Even when scientific knowledge is relevant to marine management, barriers that prevent
exchange of knowledge between scientists and decision-makers affect its utility
(Cvitanovic et al.,, 2016). Fully overcoming these barriers likely necessitates
transdisciplinary approaches to problematization of ocean issues and solution-making,
requiring scientists, practitioners, and stakeholders to work collaboratively to understand
the many sides of issues, to broaden perspectives, and to generate ideas, possibilities,
and innovations for solving problems that would otherwise not emerge working in isolation
for transdisciplinary approaches are limited, researchers may examine ocean planning
processes and management tools in effort to bridge the gap between science and
practice, providing operational guidance that may better support the delivery of ocean
conservation and sustainability goals. A sustainable future for the ocean depends on

integration across ocean science and observation, technology, literacy, and effective



1.2.4 Ocean planning and management

Traditionally, ocean governance has been highly divided, with different ocean uses
managed individually, and spatially fragmented, with governance spread across multiple
agencies (Flannery et al., 2019); however, it has long been understood that this siloed
approach to management, focusing on single species, sectors, or issues, is ineffective for
achieving conservation and sustainability goals (Curtin & Prellezo, 2010; Grumbine, 1994;
Long et al., 2015). Ecosystem-based management (EBM), an alternative to the dominant
single-sector approach, has been widely accepted as the preferred approach to managing
marine resources and human activities (Long et al., 2015). This approach is rooted in
ecology, aiming to preserve ecosystem structure, function, and essential processes
(Leslie & McLeod, 2007), while considering the role of human activities in altering
ecosystems (Agardy et al., 2017; CBD, 2007). EBM has taken many forms and different
names with subtle differences, but the approach generally captures the entire ecosystem,
including humans, to sustain ecosystem health, integrity, and resilience (Alexander &
Haward, 2019). The scale of EBM ought to reflect ecological boundaries more than
political, sectoral, or jurisdictional boundaries (Wondolleck & Yaffee, 2017). Given this,
EBM warrants collaboration across governments, organizations, industries, and ocean
users (Pirot et al., 2000; Wondolleck & Yaffee, 2017).

While much of the science required for EBM exists (Trenkel, 2018), it remains stifled in
its implementation by persistently fragmented management agencies (Charles, 2018).
Other approaches, including integrated coastal zone management, marine protected
areas (MPASs), and integrated ocean management have been promoted to support EBM
to varying extents. In its early development, integrated coastal zone management (ICZM)
centred around resolving conflicts between coastal zone stakeholders, though the
approach evolved in parallel with EBM, aiming to overcome single-species or single-
sector management (Dominguez-Tejo et al., 2016; Forst, 2009). Through the protection
of multiple species, connected habitats, and ecosystem services over the long-term,
MPAs are considered an important management tool for achieving EBM goals (Fraschetti
et al., 2011). Though MPAs are an important component of EBM, they along are not
sufficient for delivering the full vision of EBM (Halpern et al., 2010) and should fit into the



wider context of ocean planning (Agardy et al., 2011). More recently, integrated ocean
management has been identified as an approach that is, at its core, ecosystem-based,
encompassing several other approaches and tools, including ICZM, MPAs, and marine
spatial planning (MSP) (Winther et al., 2020). Despite these advances, operationalizing
EBM continues to face challenges that prevent the whole-of-government approach
necessary for overcoming sectoral silos, including insufficient governance structures,

communication, and participation (Alexander & Haward, 2019).

MSP is frequently heralded as a process that facilitates the implementation of EBM
(Dominguez-Tejo et al., 2016; Douvere, 2008; Olsen et al., 2014), allowing for planning
at an ecosystem scale, while requiring integration across sectors and governments (Ehler
& Douvere, 2009). For example, the EU’s Integrated Maritime Policy identifies MSP as
an essential planning tool and provides the Maritime Strategic Framework Directive,
which requires Member States to implement EBM (Fraz&o Santos et al., 2014). MSP is
fundamentally defined as “a public process of analyzing and allocating the spatial and
temporal distribution of human activities in marine areas to achieve ecological, economic,
and social objectives that are usually specified through a political process” (Ehler &
Douvere, 2009).

Over its history, MSP has evolved and continues to evolve in both theory and practice
(Portman, 2016). The Intergovernmental Oceanographic Commission’s influential guide
to MSP indicates that it should reflect six key characteristics: (1) ecosystem-based, (2)
integrated, (3) place-based or area-based; (4) adaptive, (5) strategic, and (6) participatory
(Ehler & Douvere, 2009). The MSP process identifies conflicting uses and ecosystem
threats, resulting in a marine spatial plan that identifies areas where management
interventions may be most prudent, while also facilitating coordinated decision-making
(Collie et al., 2013; Jay et al., 2012). The output of MSP is a spatial management plan, a
comprehensive and strategic document that identifies when, where, and how the goals
and objectives will be met using spatial management measures (Ehler & Douvere, 2009).
Spatial management measures, also called spatial or area-based management tools

(ABMTs), are geographically defined areas where human activities are regulated to



deliver one or more social and ecological outcomes to achieve objectives for biodiversity
conservation, sustainable resource use, or both (Johnson et al., 2018; Molenaar, 2013).
With proper use, MSP may be the most pragmatic approach to recognizing synergy
between biodiversity and sustainable development objectives (Rees et al., 2018), and
between SDG 14 and other SDGs (Ntona et al., 2017); however, it has been selectively
used for strategic sectoral planning or conservation planning (Jones et al., 2016), often
failing to integrate across objectives (Trouillet, 2020), and tends to exclude,
clearly linked to the development of a sustainable blue economy that seeks to enhance
both ocean health and economic growth, while employing principles of social equity and

Previous case study analyses revealed a gap between the idealized version of MSP
described in the literature, that seeks balance between conservation and sustainable use
objectives, and the reality of MSP that is driven by a political process, and often blue
economy objectives (Clarke & Flannery, 2020; Jones et al., 2016; Zuercher et al., 2022).
This gap raises the question of whether MSP is fully realizing its key characteristics. By
following administrative and geopolitical boundaries, MSP may not effectively employ the
ecosystem-based characteristic (Le Tissier, 2020), though some marine spatial plans
account for ecological considerations within administrative boundaries (Dominguez-Tejo
et al., 2016). While MSP initiatives often engage stakeholders, they may not participate
at all stages of the process (Collie et al., 2013), and a failure to acknowledge power and
inequality in MSP may reduce inclusivity and the participatory characteristic (Flannery et
al., 2018). MSP initiatives also often reference monitoring intentions (Collie et al., 2013),
though comprehensive evaluations of plans are rare and often under-prioritized and
poorly funded (Zuercher et al., 2022). Without proper monitoring and evaluation, MSP
lacks the capacity to be a properly adaptive process based on learning from experience
(Ehler & Douvere, 2009). MSP holds the potential to simultaneously support goals for a
healthy ocean and sustainable use of ocean resources (Kirkfeldt & Frazdo Santos, 2021),
but over its nearly 20-year evolution, it continues to face critical challenges in bringing

theoretical best practices to fruition.



Today, MSP lacks sufficient regulatory policy and institutional frameworks, leading to poor
implementation, and often fails to balance economic development with biodiversity
conservation for environmental sustainability, in addition to struggling with monitoring,
evaluation, and adaptation, stakeholder engagement, inclusion of social data,
transboundary issues, and climate change (Frazao Santos et al., 2021). At the same time,
a largely academic literature that shows little awareness of the complex socio-political
and planning dimensions of MSP continues to evolve (Ehler et al., 2019; Flannery et al.,
2020; Le Tissier, 2020). This literature provides high-level and general goals for MSP that
appear to be mirrored in the, often vague, objectives of marine spatial plans (Zuercher et
al., 2022). Though this literature frequently intends to inform decision-making and practice
(for example Fernandes et al., 2017; Foley et al., 2010; Said & Trouillet, 2020; Wright et
al., 2019), mismatches between MSP research and implemented plans may indicate that
an idealized version of MSP is diverging from, and potentially incompatible with, the
realities of ocean governance (Zuercher et al., 2022).With more than 75 countries in the
pre-planning, planning, or implementation phases of MSP (Ehler, 2020), relying on this
process to deliver its promises for the blue economy (Voyer et al., 2018), it is a critical
time for science to provide evidence-based guidance, informed by the realities of MSP,
that might amplify the potential of MSP from theory to practice.

1.2 Research objectives

Well-summarized scientific evidence that is timely and appropriately packaged to meet
the needs of practitioners can direct management choices away from ineffective
management interventions (Walsh et al., 2015). This thesis aims to contribute knowledge
to the academic literature that bridges the idealized version of MSP with MSP in practice,
while developing useful guidance for practitioners. Its goal was to explore MSP and
spatial management to identify potential pathways for MSP to support both ocean
conservation and sustainability goals. Specifically, the objectives of this thesis are aimed
at developing evidence-based guidance to support practitioners in overcoming critical
challenges in MSP, including selecting management tools that are fit-for-purpose to

sustainability objectives; incorporating biodiversity conservation in MSP; and translating



MSP principles to practice. In response to these objectives, | asked the following research

guestions:

1. How might ABMTs support the achievement of SDG 14 targets? (Chapter 2)
2. How has conservation been included in MSP practice? (Chapter 3)
3. How might MSP initiatives be described by their use of key principles? (Chapter 4)

Individually, these questions are addressed through careful analysis, providing
management-level guidance on how to better incorporate the idealized, and more
theoretical, principles of MSP into MSP processes and ocean management. Together,
these questions strive to unlock the potential of MSP for conservation and sustainability
by developing guidance based on existing marine spatial plans and documented
evidence. While providing this guidance, this research contributes to knowledge by

improving the connection between the academic discourse on MSP and MSP practice.

1.3 Methodology

This research employs mixed methodology, combining qualitative and quantitative
methods to respond to the presented research questions. Mixed methods research
considers multiple perspectives and positions, recognizing the strength of both qualitative
and quantitative approaches to knowledge generation (Johnson et al., 2007). Mixed
methods approaches are common across disciplines of ocean science, particularly as
science seeks to inform management. Bennett and Dearden (2014) use mixed methods,
including exploratory interviews and household surveys, to examine perceptions of MPA
impacts, governance, and management processes. Brown et al. (2017) assess the
validity of mixed methods approaches through a comparison of qualitative and
guantitative approaches to participatory mapping. The authors conclude that validity for
mixed methods in this context requires a reasonable degree of spatial overlap between
results, though understanding whose values are represented is critical for informing
decision-making. In MSP research, Galparsoro et al. (2021) pair literature review with
expert opinion survey based on case studies, and a qualitative classification system, to

explore the current use, and prospects for use, of ecosystem services in MSP. Reflecting
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the diversity of approaches under mixed methodology, research in this paradigm employs
and combines a variety of qualitative and quantitative methods (Johnson et al., 2007).

This research uses mixed methods to synthesize information and evidence to inform how
MSP and related management tools can be better used to achieve its full potential as a
process that supports both biodiversity conservation and sustainable ocean use, bridging
the gap between idealized MSP and MSP in practice. This includes the use of multiple
research methods, such as systematic literature review, expert opinion survey,
confidence assessment, document analysis, themes analysis, case study analysis, and
gualitative scoring rubrics. Through a blend of inductive and deductive approaches, this
thesis addresses research questions by allowing results to emerge from the data in some
chapters, while in other chapters applying a predetermined framework to the data (Skjott
Linneberg & Korsgaard, 2019). Specific methods and data sources used in response to
each research question are detailed in the subsequent chapters.

1.4 Dissertation organization

This dissertation is organized into an introductory chapter, three research chapters, and
a conclusion chapter. This thesis adopts a manuscript-style form, thus the three research
chapters that follow stand as independent manuscripts written specifically for publication
in peer-reviewed journals. The manuscripts are presented as they appear or will appear
in the scientific literature with minor changes to formatting and content where appropriate
to fit the organization of this thesis. Each manuscript contains an introduction, including
a literature review, methods, results, discussion, and conclusions. Some overlap in
introductory content can be expected between manuscripts. Each manuscript explores a
different component of MSP to inform pathways that may amplify the potential of MSP in
practice as a process that serves both conservation and sustainable use of the ocean

and ocean resources.

Chapter 2 assesses the potential of common area-based marine management tools
(ABMTSs) for achieving SDG 14. In this chapter, | use mixed qualitative methods, including

rapid systematic literature review, expert opinion survey, confidence assessment, and a
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gualitative scoring system to link seven ABMTs to the delivery of 17 social, economic,
and ecological outcomes that hold potential to contribute to SDG 14 targets. This chapter
highlights evidence gaps and demonstrates the relative importance of ABMTs for ocean
sustainability. This research provides management-level guidance for selecting ABMTs
to achieve SDG 14, contributing to the body of science exploring this goal by moving SDG
14 away from the aspirational and toward the operational. which may allow MSP to be
strategic in its use of ABMTs to better support progress toward ocean conservation and

sustainability targets.

Chapter 3 explores how biodiversity conservation has permeated MSP practice. In this
chapter, | use qualitative document and themes analysis to assess the inclusion of
conservation principles and priorities in five international MSP case studies to identify a
potential pathway toward more integrated MSP that balances conservation and blue
growth. This chapter proposes the concept of conservation-ready MSP, where plans are
designed to support and enact conservation. This research goes beyond the current
literature, which largely explores the relationship between MSP and marine protected
areas, by assessing the inclusion of conservation at large in MSP. This research identifies
potential strategies for embedding conservation in MSP, from recognizing biodiversity as
fundamental to sustainable resource use to making specific conservation commitments
in MSP.

Chapter 4 develops an index for gauging progress in MSP processes based on MSP
principles, many of which have been challenging to implement. In this chapter, | use
gualitative document analysis of fundamental MSP guides and literature review to identify
key features of principles. Key features are developed into the MSP Index, a scoring guide
that allows for high-level comparison across diverse types of marine spatial plans. |
randomly selected six case studies to test the Index. This chapter produces a new tool
that links MSP principles to practice, providing guidance to practitioners on areas for
improvement that may lead to more effective MSP for achieving social, economic, and
ecological objectives. Academically, this research contributes to the MSP discourse by

12



synthesizing MSP guides and key literature to summarize best practices, deepening the
understanding of MSP principles and how they might be realized in practice.

1.5 Co-authorship statement

This dissertation contains a series of manuscripts that have either been published, are
under peer review for publication, or are in preparation to be submitted for publication
with two or more co-authors. | am the principal researcher and lead author for each of the

presented manuscripts.

Chapter 2 was published in volume 4, issue 4 of Nature Sustainability with co-supervisors
Dr. Rodolphe Devillers and Dr. Joachim Claudet (https://doi.org/10.1038/s41893-020-
00659-2). All co-authors were involved in the conception of this research, study design,

and editing the published manuscript. As lead researcher, | collected the data, performed
all analyses, synthesized conclusions, and independently drafted the initial manuscript.
Dr. Natalie Ban supported design of the survey questionnaire used in this research and

additionally provided comments on an early version of this manuscript.

At the time of writing this, Chapter 3 is in preparation for publication with co-authors Dr.
Rodolphe Devillers, Dr. Joachim Claudet, Dr. Natalie Ban, Dr. Brice Trouillet, and Dr.
Tundi Agardy. As lead researcher, | designed this study, conducted the qualitative
analysis, synthesized conclusions, and independently drafted the initial manuscript. All
co-authors were involved in final preparations of the manuscript, while Dr. Devillers and
Dr. Claudet were also involved in the conception of this research. Dr. Ban, Dr. Trouillet,
and Dr. Agardy provided expertise on MSP and critical input on the manuscript and

interpretations of the analysis.

At the time of writing this, Chapter 4 is in preparation for publication with co-authors Dr.
Rodolphe Devillers, Dr. Joachim Claudet, Dr. Rachel Zuercher, and Pascale Groulx. Dr.
Devillers and Dr. Claudet were involved in the conception of this research. As lead
researcher, | designed this study, collected and reviewed literature to inform the Marine

Spatial Planning Index, developed the initial Index, applied the index to case studies, and
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authored the initial manuscript. Dr. Zuercher provided input on the methods of this study
and reviewed preliminary results. Groulx provided critical insight as an MSP leader and
practitioner for this study. All co-authors supported development of the final Index and are

involved in preparation of the manuscript for publication.
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2. Benefits and gaps in area-based management tools for the ocean

Sustainable Development Goal

Abstract

Sustainable Development Goal (SDG) 14 provides a vision for the world’s oceans;
however, management interventions needed to achieve SDG 14 remain less clear. We
assessed the potential contributions of seven key area-based management tools (such
as fisheries closures) to SDG 14 targets. We conducted a rapid systematic review of 177
studies and an expert opinion survey to identify evidence of the ecological, social and
economic outcomes from each tool. We used these data to assess the level of confidence
in the outcomes delivered by each tool and qualitatively scored how each tool contributes
to each target. We demonstrate that a combination of tools with diverse objectives and
management approaches will be necessary for achieving all SDG 14 targets. We highlight
that some tools, including fully and partially protected areas and locally managed marine
areas, may make stronger contributions to SDG 14 than others. We identify gaps in the
suitability of these tools to some targets, particularly targets related to pollution and
acidification, and identify evidence gaps for social and economic outcomes. Our findings

provide operational guidance to support progress toward SDG 14.

2.1 Introduction

The United Nations Sustainable Development Goals (SDGs) provide a transformational
vision of sustainable development across the environmental, social, and economic
dimensions. Sustainable Development Goal 14: Life Below Water (SDG 14) aims to
‘conserve and sustainably use oceans, seas, and marine resources for sustainable
development” (United Nations, 2015). Through its seven primary targets, SDG 14
addresses ocean challenges: reducing marine pollution (SDG 14.1), restoring marine
ecosystems (SDG 14.2), reducing ocean acidification (SDG 14.3), enabling sustainable
fisheries (SDG 14.4), conserving marine areas (SDG 14.5), ending harmful fishery
subsidies (SDG 14.6), and increasing economic benefits to Small Island Developing
States and least developed countries (SDG 14.7). Achieving SDG 14 was shown to
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benefit other SDGs, most notably SDG 1: No Poverty and SDG 2: Zero Hunger (Claudet
et al., 2020; Singh et al., 2018). A focus on sustaining marine ecosystem services may
foster fair and equitable benefit-sharing that contributes to multiple interconnected SDGs
(Ntona et al., 2017); however, SDG 14 was criticized for being largely aspirational rather
than operational and measurable (Cormier & Elliott, 2017), and management-level
guidance is critically needed to support progress toward SDG 14 targets (Diz et al., 2018;

Haas et al., 2019; United Nations Environment Programme, 2017).

Management of human activities and natural resources often has a spatial dimension,
reflecting various social, sectoral, or geopolitical boundaries. This spatial lens extends to
planning and management of oceans and their natural resources (Claudet et al., 2006;
Ehler & Douvere, 2009; Jupiter et al., 2014; Sterling et al.,, 2017). Planning and
management can address single-sector needs, like achieving specific fisheries objectives
(Palmer & Demarest, 2018), or multiple objectives in the wider seascape, as with
comprehensive ocean zoning or marine spatial planning (Agardy et al., 2011; Frazéo
Santos et al., 2020). Both single- and multi-sector spatial plans tend to rely on the

implementation of spatial or area-based management tools (ABMTS).

ABMTs are geographically defined areas where human activities are regulated for one or
more purposes, delivering one or more social and ecological outcomes to achieve
objectives for biodiversity conservation, sustainable resource use, or both (Johnson et
al., 2018; Molenaar, 2013). Since ABMTs are common across ocean sectors,
management objectives, and social-ecological contexts (Ehler & Douvere, 2009), and
given their recommended use for achieving conservation and sustainability goals (De
Santo, 2018; Secretariat of the Convention on Biological Diversity et al., 2016), a clearer
understanding of the contributions of ABMTs to SDG 14 targets may enable strategic
planning toward achieving this goal. Here, we assess evidence of ecological, social, and
economic ABMT outcomes, ranging from increasing organism size to maintaining
ecosystem resilience to preserving access to resources and cultural traditions. We use

this evidence to determine the potential contributions of prominent ABMTs to SDG 14
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targets, guiding countries and practitioners in selecting the best interventions to deliver
SDG 14.

2.2 Methods

2.2.1 Selecting ABMTs and outcomes

The ABMTs assessed in this study were identified from a list of spatial management tools
provided by Ehler and Douvere (Ehler & Douvere, 2009), which included marine protected
areas (MPAs), fishery closures (FCs), gear restriction areas (GRAs), and particularly
sensitive sea areas (PSSAs). Here, we separated the broad category of MPAs into two
distinct tools: fully protected areas (FPAs) and partially protected areas (PPAS) due to
their documented differences in outcomes (Zupan et al., 2018). Locally managed marine
areas (LMMAs) and territorial user right fisheries (TURFs) were added, as they have
emerged prominently in the literature in recent years (Lester et al., 2017; Rocliffe et al.,
2014). In total, we identified seven ABMTs with objectives in biodiversity conservation,
sustainable resource use, particularly fisheries, or both (Figure 2.1, Table A2). ABMTs
regulate the activities of single sectors, as is typical of FCs, GRAs, TURFs, and PSSAs,
or multiple sectors, as is typical of FPAs, PPAs, and LMMAs. Some ABMTs may overlay
tools, for example an ABMT regulating multiple sectors, like an FPA, may make use of
multiple single-sector tools, like FCs, GRAs, or PSSAs. Many of these tools may be
considered ‘other effective area-based conservation measures’ (OECMs) in some
contexts and these tools may overlap in their application or the types of regulations they

use.
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Figure 2.1. Area-based management tools and their potential ecological, social, and economic
outcomes assessed in this study. The selected tools have objectives for biodiversity conservation,
sustainable resource use, or both and regulate activities of single or multiple sectors. Complete
definitions of tools and outcomes are provided in Supplementary Tables 1 and 2. This figure
presents positive effects on outcomes given their potential contributions to SDG 14, though
positive, negative, and neutral effects were collected as evidence in this study. FPA, fully
protected area; PPA, partially protected area; LMMA, locally managed marine area; GRA, gear
restriction area; FC, fishery closure; TURF, territorial user right fishery; PSSA, particularly
sensitive sea area. Icons are attributed to Becris (LMMA), Freepik (FPA, PPA), Mavadee (PSSA),
Smashicons (FC), Surang (GRA), Wichai.wi (TURF) from www.flaticon.com.

We assessed 17 ecological, social, and economic outcomes identified from previous
reviews reporting observed and expected ABMT outcomes, particularly in the context of
MPAs (Bennett & Dearden, 2014a) and LMMAs (Jupiter et al., 2014) (Figure 2.1).
Outcomes were assigned distinct definitions (Table Al), and evidence of outcomes
reported in literature needed to fit these definitions to be included in review. Some of
these outcomes have direct links to SDG 14 targets (e.g., maintaining ecosystem
resilience and SDG 14.2 on ecosystem restoration), while others are indirect (e.g.,
maintaining equitable access to resources and SDG 14.4 on sustainable fisheries). Since
the primary aim of this research is to provide guidance on the use of ABMTs to achieve
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SDG 14 targets, outcomes not previously identified from existing reviews but with direct
links to targets, such as reducing pollution and SDG 14.1, were added. Many of the
assessed outcomes may be considered as indicators for monitoring and evaluation of
ABMTs (Biedenweg et al., 2016; Kincaid et al., 2017; Pomeroy et al., 2004), which may

inform or align with SDG 14 indicators.

2.2.2 Rapid systematic review

Rapid systematic reviews identify all studies meeting specific criteria, such as publication
year, article type, geographic region, language, database, data type, or data extraction
method (Ganann et al., 2010). We used a rapid review method to overcome challenges
introduced by the number of ABMTs and outcomes assessed and the vastness of
literature in this field of study. The review was conducted using the Web of Science
between July and October 2019, and was limited to primary literature, including only
articles and reviews published in English in 2002 or later. While the grey literature could
have provided additional information relevant to this study, including this information
would not have permitted a systematic review due to the diversity of access restriction
and languages that can be found in the grey literature. Since this method excludes
publications from governments, non-governmental organizations, and other research
organizations, we also conducted an expert opinion survey to compensate for evidence
not found in the primary literature. The constraint on publication year was used to identify
studies listing author email addresses, which were later used as contact information to
invite participants for this survey (Sinclair et al., 2018). We conducted two phases of rapid

systematic review.

The first phase of rapid review was intended to capture synthesis-based evidence,
including meta-analyses, systematic reviews, and standard literature reviews, and thus it
was assumed that publications earlier than 2002 would have been included in these
studies. Where synthesis-based evidence was identified, further review of individual
studies in the second phase was not required, reducing the risk of double counting
outcomes from individual studies that may have been captured by reviews. In addition to

these limitations, search terms were designed to return the most relevant literature from
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titles, abstracts, and keywords (Table A3, Table A4). The efficacy of search terms was
tested using pilot searches to ensure that 10 pre-determined studies were returned by the

selected search terms in Web of Science (Table A5).

Search terms were designed for the seven ABMTSs, for ABMT outcomes in general, for
meta-analyses and reviews, and for the 17 outcomes assessed in this study. All returned
literature was screened first by reviewing titles and abstracts and then by reviewing full
articles where an inclusion decision could not be made confidently from the title and
abstract. Literature was screened based on the following criteria:
e Population: studies must observe the marine environment
e Intervention: studies must observe at least one of the seven ABMTs, aligning with
the assigned definitions (Table A2), though evidence of any assessed ABMT was
recorded
e Time and place: studies must be published after 2001 in any geographic location
e Outcomes: studies must report evidence of positive, negative, or no effect on at
least one of the 17 selected outcomes (Table Al), excluding studies using strictly

theoretical methods or theoretical modelling

In the second phase of the review, additional searches were conducted to identify studies
reporting evidence of individual ABMT outcomes for any case where synthesis-based
evidence was not identified in the first phase of review. Returned literature for each
outcome per ABMT was sorted using the “Relevance” feature on Web of Science, which
ranks studies based on search term frequency in titles, abstracts, and keywords. Then,
the first 25 records were screened using the same method and inclusion criteria as the
first review phase. In cases where fewer than 10 records met all inclusion criteria, the
next 25 records available in Web of Science were screened. We used this method to

ensure that the most relevant literature and best available evidence was captured.
In the first phase, when studies met all inclusion criteria, the following data were extracted:

study type (i.e., meta-analysis, systematic review, or standard literature review), number

of studies reviewed or included in the meta-analysis, geographical scope, ABMT type,

31



outcome type (i.e., ecological, social, economic, or multiple), evidence of outcomes, and
effect directions (e.g., positive effect on organism size). Additional information related to
study quality, including the reporting and rigour of methods, was recorded and informed
distinctions made between study type where necessary. Systematic literature reviews
were distinguished from standard literature reviews such that the former reported a
search strategy, including search terms, and inclusion/exclusion criteria. For each study
included, the reported ABMT was classified according to the definitions used in this study
(Table A2), which in some cases differed from the ABMT that was searched in Web of
Science. For example, if a study was returned by a search for FC outcomes, but the
described ABMT fit this study’s definition of a GRA, the ABMT was classified as a GRA.
Where it was unclear whether an MPA was fully or partially protected, MPAtlas
(http://Iwww.mpatlas.org/) was used to determine the appropriate ABMT type. If an MPA
was reported as being entirely no-take on MPAtlas, it was classified as an FPA. All other
MPAs, including those with some no-take zones according to MPAtlas, were classified as
PPAs. In the second phase, data on study location, ABMT type, evidence of outcomes,
and effect direction were extracted and qualitative information that clarified the nature of

reported outcomes was recorded.

2.2.3 Expert opinion survey

An expert opinion survey was designed to capture knowledge of ABMT outcomes that
could fill gaps from the rapid systematic review. Using Qualtrics® software, the online
survey asked participants to identify their familiarity with the assessed ABMTSs, the
expected effect of ABMTs on each outcome, and to provide demographic information
relating to their professional experience. When identifying the expected effects of ABMTs
on outcomes, participants were asked to assume that ABMTs were appropriately
designed, actively managed, and well-enforced. We identified potential participants using
two methods: (1) authors of studies included in the first phase of review and (2) known
experts in the ABMTs identified from our collective professional networks, including
representatives of academia, governments, non-governmental organizations, and
independent experts. Invitations to participate were extended to these individuals via

direct email with an anonymous link to the survey. In addition, we invited participants to
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share the survey with colleagues or to provide contact information of colleagues to receive
an individual invitation. To conduct the confidence assessment, responses on the
expected effects of ABMTs were grouped into positive effects from “Strong Positive” and
“Positive” responses, negative effects from “Strong Negative” and “Negative” responses,

and uncertain effects from “Do Not Know” and “Prefer Not to Answer” responses.

This research was approved by the Interdisciplinary Committee on Ethics in Human
Research (ICEHR) at the Memorial University of Newfoundland, ICEHR No. 20200294-
AR.

2.2.4 Confidence assessment

To determine the level of confidence in the delivery of ABMT outcomes, we used an
assessment method modified from the IPBES assessment process (Intergovernmental
Panel on Biodiversity and Ecosystem Services, 2016) (Figure 2.2, Table A6, Figure A3).
We defined five confidence categories based on the quantity and quality of evidence and
level of agreement among evidence collected via rapid systematic review and expert
opinion survey. These categories are:
e Well-established: comprehensive evidence exists, and conclusions agree
e Established but incomplete: general agreement among evidence, although
limited evidence exists
e Established but unresolved: moderate evidence exists, although conclusions
do not consistently agree or disagree
e Unresolved: comprehensive evidence exists, and conclusions do not agree

e Incomplete: limited evidence exists, recognizing major knowledge gaps
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Figure 2.2. Confidence assessment framework, adapted from IPBES (Intergovernmental Panel
on Biodiversity and Ecosystem Services, 2016), used to determine confidence in the delivery of
area-based management tool (ABMT) outcomes based on evidence from rapid systematic review
and expert opinions. Criteria for determining quantity and quality of evidence and level of
agreement among evidence are defined in Supplementary Table 6 and detailed in Supplementary
Figure 3. “Well-established” and “established but incomplete” categories were considered to be
high confidence categories, while remaining categories were considered to be low confidence, for
the purpose of linking ABMTs to Sustainable Development Goal 14 targets (see Methods).

We used a qualitative ranking system to determine the quantity and quality of evidence
and the level of agreement to be either “high”, “medium”, or “low” based on the criteria
presented in Table A6, applied in a decision tree presented in Figure A3. High quantity
and quality evidence included one or more meta-analysis or systematic review or more
than one standard literature review or five or more individual studies and more than 75%
of experts reporting one expected effect. High agreement required the majority of studies
to agree on an ABMT outcome, the majority of experts to agree on an outcome, and for
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the studies and experts to agree on that same outcome. Each ABMT outcome was
assessed according to these criteria and assigned a confidence category (Figure A3).
Well-established and established but incomplete categories were considered to be of high
confidence, reflecting high certainty that a particular ABMT would deliver a particular
outcome, and were assigned confidence scores of 2 and 1, respectively. All other
confidence categories were not assigned a confidence score, as these categories were

considered to be of low confidence.

2.2.5 Linking ABMTs to SDG 14 targets

ABMT outcomes assessed in this study do not all make equivalent contributions to SDG
14 targets. To account for this, each outcome was assigned a contribution score per
target. Scores ranged from one to three, depending on the type of contribution. A direct
contribution (score= 3) has a central role in meeting the objectives of the target; a
supporting contribution (score= 2) aids the delivery of a direct contribution; and an indirect
contribution (score= 1) enables the delivery of supporting or direct contributions to a
lesser extent. We considered contributions to the targets broadly based on their
description and, where feasible, their indicators. While some indicators were used to
inform contribution scores for ABMT outcomes, others were not relevant to the outcomes
assessed. For example, a study reporting an ABMT outcome of healthy ocean acidity
(pH), the indicator for SDG 14.3, would be considered as evidence of a direct contribution
to this target. Similarly, a study reporting improved ecosystem resilience as an ABMT
outcome would be considered as evidence of an indirect contribution to this target. In
contrast, the indicator for SDG 14.5, protected area coverage, is not an outcome of
ABMTs and is therefore not relevant to this study. To link ABMTs to SDG 14 targets, an

ABMT score was calculated according to the following equation:

ABMT score = 2 (Confidence score x Contribution score) (Eq. 1)

Possible ABMT scores ranged between 0 and 102, depending on the assigned

confidence and contribution scores for the 17 assessed outcomes. ABMT scores were
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gualitatively compared to determine the relative contributions of ABMTs to SDG 14
targets (Figure A4).

2.3 Results

2.3.1 Evidence of ABMT outcomes

We identified 276 records of ABMT outcomes from 177 studies (Table 2.1). Of these
studies, 31 reported evidence through synthesis-based literature, including meta-
analyses, systematic reviews, or literature reviews. Although we found evidence of fully
protected areas (FPAS), partially protected areas (PPAS), gear restriction areas (GRAS),
fishery closures (FCs), and territorial user right fisheries (TURFs) in these 31 studies,
most reported only ecological outcomes. The majority of records from both synthesis-
based evidence and evidence from individual studies reported on outcomes from FPAs
and PPAs (25% and 29%, respectively). The proportion of all literature-based evidence
records across outcomes was comparable for locally managed marine areas (LMMAS),
GRAs, FCs, and TURFs (8%, 14%, 12%, 12%, respectively); however, no synthesis-
based evidence was identified for outcomes of LMMASs. Individual studies reported 204
records of evidence for ABMT outcomes, including 95 records of positive effects, 68
records of negative effects, and 41 records documenting no effect of ABMTs on
outcomes. No literature-based evidence was identified for outcomes of particularly

sensitive sea areas (PSSAS).
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Table 2.1. Summary of literature-based evidence of area-based management tool (ABMT)
outcomes collected via rapid systematic review. Blue cells indicate outcomes from synthesis-
based evidence, including meta-analyses, systematic reviews, or literature reviews, and show the
number of studies reporting evidence. White cells indicate the number of individual studies
reporting evidence, for any outcome that was not reported in synthesis-based evidence (see
Methods). Values represent one study per evidence record relating to an ABMT outcome, though
some studies reported evidence of more than one outcome or evidence from more than one
ABMT and are therefore counted in multiple cells where relevant. Evidence may report positive
(+), negative (-), or neutral effects (o) on the ABMT outcome. FPA, fully protected area; PPA,
partially protected area; LMMA, locally managed marine area; GRA, gear restriction area; FC,
fishery closure; TURF, territorial user right fishery; PSSA, particularly sensitive sea area. Icons
are attributed to Becris (LMMA), Freepik (FPA, PPA), Mavadee (PSSA), Smashicons (FC),
Surang (GRA), Wichai.wi (TURF) from www.flaticon.com.
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Expert opinions collected using survey questionnaires (n=75) exhibited greater
agreement on the ecological outcomes of most ABMTs than social and economic
outcomes (Figure 2.3). Experts agreed that for most ABMTSs, positive effects would occur
for the majority of ecological outcomes. More than 60% of experts agreed that FPAs,
PPAs, LMMAs, and FCs would have positive effects on organism size (96%, 87%, 60%,
and 87%, respectively), organism abundance (89%, 91%, 67%, and 89%, respectively),
maintaining habitat (96%, 92%, 67%, and 65%, respectively), ecosystem function (93%,
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84%, 63%, and 61%, respectively), ecosystem resilience (92%, 81%, 61%, and 63%,
respectively), and on reducing threats to species (93%, 84%, 72%, and 87%,
respectively). More than 60% of experts also agreed that GRAs would have positive
effects on organism size (68%), organism abundance (73%), maintaining habitat (76%),

and reducing threats to species (79%).
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Figure 2.3. Expert opinions (n= 75) on the expected effects of area-based management tools
(ABMTSs) on ecological, social, and economic outcomes. See Supplementary Tables 1 and 2 for
definitions of ABMTs and outcomes. FPA, fully protected area; PPA, partially protected area;
LMMA, locally managed marine area; GRA, gear restriction area; FC, fishery closure; TURF,
territorial user right fishery; PSSA, particularly sensitive sea area. Icons are attributed to Becris
(LMMA), Freepik (FPA, PPA), Mavadee (PSSA), Smashicons (FC), Surang (GRA), Wichai.wi
(TURF) from www.flaticon.com.
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In contrast, at least 25% of experts agreed that FPAs, PPAs, LMMAs, GRAs, and FCs
would have negative effects on harvest earnings (43%, 25%, 37%, and 43%,
respectively), maintaining access to resources (72%, 53%, 43%, and 59%, respectively),
equitable access to resources (47%, 37%, 28%, and 37%, respectively), and preserving
traditions and customs (47%, 32%, 31%, and 40%, respectively). Experts were less
certain about outcomes of TURFs and PSSAs, as more than 20% of experts indicated
either “do not know” or “prefer not to answer” for all outcomes of these tools (see
Methods). Several experts commented on the difficulty of providing general information
on expected effects of ABMTs, especially those pertaining to social and economic
outcomes, given the context-dependency of these outcomes relative to local ABMT

objectives, monitoring capacity, and social groups.

2.3.2 Confidence assessment

Based on evidence provided by the literature and by experts, we found generally greater
confidence in the delivery of ecological outcomes than social and economic outcomes
from the assessed ABMTs (Figure 2.4). We found high confidence, assigned to “well-
established” and “established but incomplete” categories (Figure 2.2), that multi-sector
ABMTSs, including FPAs, PPAs, and LMMAs, would have positive effects on organism
size and abundance, species diversity, habitat, ecosystem function and resilience, and
reducing threats to species. Most single sector ABMTSs, including GRAs, FCs, and
TURFs, were found to have positive effects on fewer ecological outcomes, including
organism size and abundance, ecosystem function, and reducing threats to species, with
high confidence. We also found high confidence that the seven ABMTs would have no
effect on reducing impacts of acidification. While we found no literature-based evidence
(Table 2.1), there was medium or high agreement among experts that ABMTs would have
no effect on this outcome (Figure 2.3). Similarly, though to a lesser extent, there was
agreement that none of the ABMTs studied are likely to reduce pollution, though
confidence assessment was “incomplete” for LMMAs and PSSAs. Further, we found that
FPAs may have the potential to reduce pollution, though evidence of this outcome was
“established but unresolved”. Low confidence persisted for all outcomes of PSSAs,
except the shared result of no effect of ABMTs on reducing impacts of acidification.
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Figure 2.4. Confidence assessment of literature-based and expert opinion evidence for the
delivery of ecological, social, and economic outcomes from area-based management tools
(ABMTSs). There is highest confidence in the delivery of “well-established” outcomes (green) and
lowest confidence in the delivery of “incomplete” outcomes (dark orange). The effect direction for
each outcome is indicated within each circle. For some “established but unresolved” and
“unresolved” outcomes, more than one effect direction is indicated due to a lack of agreement
among evidence. “Incomplete” outcomes do not indicate an effect direction. FPA, fully protected
area; PPA, partially protected area; LMMA, locally managed marine area; GRA, gear restriction
area; FC, fishery closure; TURF, territorial user right fishery; PSSA, particularly sensitive sea
area. Icons are attributed to Becris (LMMA), Freepik (FPA, PPA), Mavadee (PSSA), Smashicons
(FC), Surang (GRA), Wichai.wi (TURF) from www.flaticon.com.

Across ABMTs, low confidence, assigned to “established but unresolved”, “unresolved”,
and “incomplete” categories (Figure 2.2), was found for 43% of all assessed outcomes;
however, these were assigned to only 25% of ecological outcomes compared to 63% of
social and economic outcomes. There is an apparent lack of evidence of social and
economic outcomes and, where evidence does exist, it agrees less often than that for

ecological outcomes, resulting in low confidence (Figure 2.4). For ecological outcomes,
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25% exhibited high quantity and quality evidence and 44% showed a high level of
agreement among evidence. In contrast, no social or economic outcome exhibited high
guantity and quality evidence and only 21% showed a high level of agreement among
evidence. Further, where high confidence was determined for social and economic
outcomes, the effect direction on outcomes across ABMTs was not always consistent.
While we found high confidence that some ABMTs have positive effects on increasing
non-harvest earnings, alternative livelihood activities, maintaining access to resources,
and preserving traditions, others were found to have no effect or negative effects on the
same outcome. The direction of effects on social and economic outcomes were generally

less consistent across tools than was found for ecological outcomes.

2.2.3 Linking ABMTs to SDG 14 targets

We found that the assessed ABMTs could potentially contribute to five of the seven SDG
14 targets (Figure 2.5): SDG 14.2 (marine ecosystems), SDG 14.4 (sustainable fisheries),
SDG 14.5 (conservation), SDG 14.6 (harmful subsidies), and SDG 14.7 (Small Island
Developing States) based on qualitatively determined ABMT scores (see Methods). Since
we determined with high confidence that most or all of the assessed ABMTs have no
effect on reducing pollution or the impacts of ocean acidification (Figure 2.4), we found
no strong evidence that these tools contribute to SDG 14.1 (marine pollution) or SDG
14.3 (ocean acidification). Based on the confidence assessments presented here, there
is currently no evidence that PSSAs on their own contribute to SDG 14 targets. We found
that multi-sector ABMTs (i.e., FPAs, PPAs, and LMMAs) make greater potential
contributions to targets that focus on ecological objectives, including SDG 14.2, 14.4, and
14.5, than single-sector ABMTs (i.e., GRAs, FCs, and TURFs). This reflects the high
confidence identified for positive effects of multi-sector ABMTs on more ecological
outcomes than single-sector ABMTs (Figure 2.4). For all ABMTSs, except PSSAs, the
potential contributions made to these targets were greater than potential contributions to
targets with social and economic objectives, including SDG 14.6 and 14.7.
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Figure 2.5. Potential contributions of area-based management tools (ABMTs) to Sustainable
Development Goal 14 (SDG 14) targets based on confidence assessments of ABMT outcomes
and the potential contributions of outcomes to SDG 14 targets (see data supplied with
Supplementary Information). Circle size is proportional to ABMT scores indicated in each circle
(scores range from 0 to 102, see Equation 1 in Methods). Crosses indicate an ABMT score of
zero, meaning no potential contribution of a tool to a target, based on current evidence and the
relative contribution of an outcome to a target. FPA, fully protected area; PPA, partially protected
area; LMMA, locally managed marine area; GRA, gear restriction area; FC, fishery closure; TURF,
territorial user right fishery; PSSA, particularly sensitive sea area. Icons are attributed to Becris
(LMMA), Freepik (FPA, PPA), Mavadee (PSSA), Smashicons (FC), Surang (GRA), Wichai.wi
(TURF) from www.flaticon.com.

While multi-sector ABMTs might make similar contributions to ecologically focused SDG
14 targets, they differ in their potential to contribute to socially and economically focused
targets (Figure 2.5). FPAs emerged as the tool with the greatest potential to contribute to
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SDGs 14.2, 14.4, and 14.5; however, this tool had lower ABMT scores than LMMAs for
contributing to SDG 14.6 and 14.7. PPAs had the lowest ABMT scores for contributing to
SDG 14.6 and 14.7 of all assessed ABMTSs, with the exception of FCs and PSSAs, which
were not found to make contributions to these targets based on current evidence. We
identified LMMASs as the ABMT with the greatest potential to contribute to SDG 14.6 and
14.7. Second to LMMAs, TURFS presented higher ABMT scores for these targets than
other tools. Both LMMAs and TURFs were the only tools found to increase harvest
earnings and maintain access to resources with high confidence (Figure 2.4), thus
supporting their greater potential to contribute to these targets. FCs were the only single-
sector ABMT found to make no contribution to SDG 14.6 and 14.7. This is likely due to
the negative effect of FCs on maintaining access to resources (Figure 2.4), an outcome

that supports these targets.

2.4 Discussion

We found that, based on current evidence, FPAs hold the greatest potential to contribute
to ecologically focused SDG 14 targets (i.e., SDG 14.2, 14.4, and 14.5), aiming to
preserve or restore ocean ecosystems and biodiversity, followed by PPAs and LMMAs
(Figure 2.5). Those three tools typically regulate multiple sectors and activities, while the
remaining tools target activities of single sectors, particularly fisheries via GRAs, FCs,
and TURFS and shipping activities via PSSAs. Our results indicate that these multi-sector
ABMTs, which may involve the use of multiple single-sector ABMTs, will be important for
achieving SDG 14, given their strong potential to contribute to multiple targets. Since no
single ABMT assessed was found to potentially contribute to all targets, nor was a single
ABMT identified as holding the greatest potential to contribute to both ecologically and
socially and economically focused targets, our findings highlight the need for a
combination of tools to meet SDG 14. This resonates with a preliminary analysis by the
United Nations of spatial management strategies, including marine spatial planning and
integrated coastal zone management, for achieving ocean-related SDGs (United Nations
Environment Programme, 2017). Our results also highlight the potential role of these
ABMTs in contributing to conservation targets as OECMs. While we determined similar

ABMT scores for multi-sector tools, an important distinction between FPAs, PPAs, and
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LMMAs lies in their overarching objectives: biodiversity conservation is the key goal of
FPAs and PPAs (Sciberras et al., 2015), while LMMAS prioritize sustainable resource use

over conservation per se (Burke et al., 2011).

LMMAs, a tool that has been favoured in Small Island Developing States (Island Voices
Global Choices, 2018), are unique in their application of a suite of ABMTs under a shared
management strategy that is collaborative across communities, partner organizations,
and governments at the local level (Govan, 2009). These characteristics are likely
reflected in the ABMT scores we present here (Figure 2.5), particularly due to their ability
to deliver ecological, social, and economic outcomes with high confidence (Figure 2.4).
Despite the relatively limited evidence of LMMA outcomes in the primary literature (Table
2.1), this ABMT scored similarly to FPAs and PPAs that are well-documented. It is clear
from our results that experts agree on generally positive expected effects of LMMAs on
outcomes (Figure 2.3). Given these findings, LMMAs represent an opportunity for
management as a potential pathway and a research priority to support the achievement
of SDG 14. As a tool for ensuring a healthy and resilient ocean for sustainability (Giakoumi
et al., 2017; Organization for Economic Co-operation and Development, 2017), FPAs
undoubtedly have a central role in achieving SDG 14.2, 14.4, and 14.5; however, the
overarching aim of LMMAs may enable greater delivery of outcomes contributing to SDG
14 targets that seek to sustain the social and economic systems affecting oceans and

ocean resources.

While our results show how the assessed ABMTs can potentially contribute SDG 14
targets, they also highlight limitations of ABMTs. We found “incomplete” evidence for all
assessed outcomes of PSSAs (Figure 2.4), hence, no potential for PSSAs to contribute
to SDG 14 (Figure 2.5). PSSAs may make other important contributions to conservation
and sustainability by reducing impacts from international shipping activities. This tool has
been suggested for use in areas beyond national jurisdiction for conservation (Roberts et
al., 2010; Rochette et al., 2014), where threats to biodiversity are growing (Gjerde et al.,
2016; Warner, 2014). We highlight a need for more research on PSSA outcomes to
support this tool as a potential pathway to SDG 14 in the high seas and suggest that
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ABMTSs contributing to conservation outcomes should be used until the role of PSSAs can
be clarified, such as FPAs. Our results also demonstrate the inability of the assessed
ABMTs to effectively reduce marine pollution (SDG 14.1) and impacts of ocean
acidification (SDG 14.3) (Figure 2.5). Other ABMTs not assessed here, such Special
Areas designed under the MARPOL Convention (International Maritime Organization,
2020), may better support these targets. Our results may reflect the broader and more
systemic changes required for addressing these issues; for example, regulating the
consumption and disposal of plastic or large-scale actions for reducing carbon emissions
and decarbonizing economies (Blythe et al., 2018; Geels et al., 2017; Stafford & Jones,
2019). Such systemic transformations may be necessary precursors to effectively
achieving SDG 14.1 and 14.3, for which little progress has been made (United Nations,
2019). It will be important to consider both non-spatial and spatial management tools,
including and beyond the ABMTs assessed here, to achieve all SDG 14 targets. Holistic
approaches to planning and management across the land-sea interface, like integrated
coastal zone management (Pittman & Armitage, 2016) and ridge-to-reef management
(Delevaux et al., 2018), will likely be important for incorporating land-based regulations
with  ABMTs to achieve SDGs, including SDG 14 (United Nations Environment
Programme, 2017).

Through this work, we have identified several evidence gaps pertaining to ABMTs and
their outcomes. We highlight low confidence and a lack of evidence pertaining to the
social and economic outcomes of ABMTs (Table 2.1, Figure 2.3, Figure 2.4). Low
confidence was found for 61% of social and economic outcomes assessed, compared to
only 25% of ecological outcomes. These findings indicate a need for research to better
assess social and economic outcomes of ABMTs at varying scales and for diverse
stakeholders, which may first require the development of measurable indicators for
targets that are presently without (Recuero Virto, 2018). This evidence gap is again
highlighted by the ABMT scores presented here, which indicate the low potential of these
tools to contribute to SDG 14.6 and 14.7 that are socially and economically focused. While

recent work helped to identify social and economic outcomes of marine protected areas
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(Ban et al., 2019), an apparent evidence gap persists in identifying these outcomes for
single-sector ABMTs, including FCs, GRAs, TURFs, and PSSAs.

We recognize the inherent limitations of our study imposed by the rapid systematic review
method. While efforts were made to ensure that this method captured all relevant
information, it cannot be truly comprehensive as would a full systematic review capturing
both primary and grey literature. Our focus on primary, peer-reviewed literature provided
a common filter, ensuring a consistent rigour across the collected evidence. This method
was used to conduct a high-level confidence assessment that relied on a qualitative
ranking system to assess the quantity and quality of evidence (Table A6). To compensate
for differences in the availability of literature-based evidence, we surveyed experts to
identify the expected effects of ABMTs. Through the selection of survey participants in
primarily research institutions and government, expertise from industry, Indigenous
Peoples, and communities are not present in our confidence assessments. As with any
scientific synthesis, our work may be affected by publication bias with some ABMTs more
represented in the literature than others, as well as a tendency for literature to report
positive outcomes. As more evidence becomes available, the confidence assessments

and potential contributions of tools to SDG 14 targets presented here may be refined.

Our results demonstrate the qualitative potential of ABMTs to contribute to SDG 14 and
their use in practice should appropriately reflect this. Further, while we did select
prominent ABMTs for assessment, other tools are available to practitioners and may also
prove useful for achieving SDG 14. Our study does not assess the efficacy of ABMTSs,
nor does it quantify the extent of outcomes. While ABMTs may deliver similar outcomes,
one tool may have a stronger effect than others and our study does not account for this.
Delivery of these outcomes is dependent on local social-ecological systems and may vary
by target species, ecosystems, and management regimes. To reach their fullest potential,
ABMTs must be appropriately designed with attention given to local needs, actively
managed, and well-enforced to consistently deliver outcomes contributing to SDG 14
(Bennett & Dearden, 2014b; Devillers et al., 2015; Gill et al., 2017).
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2.5 Conclusion

ABMTs are one type of management tool in a suite of tools and approaches available to
decision-makers for achieving conservation and sustainability objectives. Our results
confirm that no single ABMT can be used to reach all SDG 14 targets, but that a
combination of tools, especially those regulating multiple sectors, will likely be necessary
for achieving this goal. When multiple ABMTs are used synergistically, multiple and more
diverse outcomes may occur, potentially making stronger contributions to SDG 14.
Placing ABMTs into the wider picture of integrated land-sea management, including both
spatial and non-spatial approaches, will be important for achieving ocean conservation
and sustainability goals (Alvarez-Romero et al., 2015; Reuter et al., 2016). This is
especially true for SDG 14 targets that may not be met using ABMTS, including SDG 14.1
to reduce marine pollution and SDG 14.3 to reduce ocean acidification as our results
indicate. Our findings highlight important evidence gaps related to social and economic
outcomes of ABMTs, especially single-sector ABMTSs, providing a research agenda for
future work. Through our assessment, we demonstrate which ABMTs may be most useful
for achieving specific SDG 14 targets, allowing ocean planners and practitioners to make
strategic decisions when selecting management tools. By linking ABMTs to SDG 14
targets, our work may support future research to assess potential contributions of existing

or planned ABMTs to SDG 14 at a regional, national, and international scale.
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3. Conservation ready marine spatial planning

Abstract

Marine spatial planning (MSP) often favors blue growth objectives over biodiversity
conservation, diminishing its role in promoting sustainability. We used document analysis
to assess how conservation principles and priorities are included in five case studies to
identify a path for better integrating conservation with MSP. Five themes emerged,
reflecting conservation in MSP from weak to strong inclusion: (1) prioritizing economy; (2)
ecosystems as limits; (3) social-ecological systems; (4) ecosystems as functional; and (5)
ecosystems as fundamental. Our analysis suggests MSP priorities for managing or
mitigating impacts and conservation was less apparent, though some plans appear more
prepared to integrate conservation. We propose the concept of conservation ready MSP,
where plans are designed to integrate conservation in MSP as a way to support sustained
ocean use. MSP may be more conservation ready when specific commitments are made
and conservation underpins ocean use, reflecting the fundamental role of biodiversity

conservation in sustainability.

3.1 Introduction

Ensuring a healthy ocean is a global priority for sustainable development (Claudet et al.,
2020; United Nations, 2015), but our footprint on the ocean is growing like never before
(Jouffray et al., 2020). A new narrative is needed to recognize that humans, the ocean,
biodiversity, and climate are inextricably linked, and that by protecting the ocean we

protect ourselves (Laffoley et al., 2020).

Single-sector approaches historically dominated ocean management, though multi-sector
approaches are now widely regarded as necessary to achieve conservation and
sustainability goals (Reimer et al., 2020; Schupp et al., 2019). Marine spatial planning
(MSP) has emerged prominently over the past two decades as an approach that accounts

for multiple uses and objectives, supported by policymakers, practitioners, and academics
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(Flannery et al., 2020). Today, more than 75 countries are undertaking MSP across all

ocean basins (Ehler, 2020; Frazdo Santos et al., 2020).

In practice, MSP is often used for strategic sectoral planning or blue growth, diluting the
supporting role of ecosystems and the need for their protection (Frazdo Santos et al.,
2014; Jones et al.,, 2016; Trouillet, 2020). Balancing socioeconomic activities and
conservation remains a key challenge in MSP (Frazdo Santos et al., 2018). For many
years, MSP and conservation planning, especially marine protected area (MPA) planning,
have evolved in parallel with little integration (Vaughan & Agardy, 2020). Without efforts
to integrate conservation with MSP, it may fail to achieve its potential as a holistic, multi-

objective process that can support conservation and sustainable use goals.

Here, we explore (i) which conservation principles and priorities have permeated MSP
and (ii) how this might inform integration of conservation in MSP. Using a broad definition
of conservation — the protection, management, and maintenance of ecosystems, species,
and populations to safeguard the conditions that ensure their long-term survival (IUCN,
2021) — we analyzed its inclusion in formal MSP using an in-depth document analysis of
five case studies. We propose that conservation ready MSP — where plans are designed
to support and enact conservation by embedding these principles and priorities,

recognizes and secures the foundational role of conservation in sustainable resource use.

3.2 Methods

3.2.1 Selection of case studies

We selected case studies following a screening process of the Intergovernmental

Oceanographic Commission (IOC)’s online database (http://msp.ioc-unesco.org, see

Appendix B Methods and Figure B1). Answering our research questions required case
studies that were sufficiently detailed and readily available in English. We screened case
studies from Europe, the UK, and the USA due to the availability of documents from these
regions and for their long history and experience with formal MSP as it is considered in
this study (Ehler et al., 2019).
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While our analysis focuses on a wide range of conservation principles and priorities (see
below), we used MPA listing as an indicator for conservation to ensure case studies
captured diverse approaches. We selected case studies based on whether and how they
included MPAs as listed by the I0C database or by preliminary scan of the MSP document
(Appendix B Methods). We selected newer and older plans reflecting different types
(advisory or regulatory), spatial and temporal scales, ocean sectors, and phases of MSP
from pre-implementation to adaptation (Table B1). We analyzed MSP documents from

Belgium, Norway, Scotland, Wales, and Washington State (USA).

3.2.2 Document and themes analysis

We used a hybrid approach of inductive and deductive qualitative coding, the process of
labelling and organizing passages of text, in QSR International’s NVivo-12 software
(Fereday & Muir-Cochrane, 2006; Skjott Linneberg & Korsgaard, 2019) to identify
conservation principles and priorities used in MSP (see Appendix B Methods, Table B2).
Conservation principles reflect key concepts in biodiversity conservation, such as
ecological resilience (Folke et al., 1996) and biological connectivity (Margules & Pressey,
2000). Conservation priorities reflect action areas, such as protecting habitat or
endangered species. We also recorded analytical memos, ongoing reflections on the

data, to track emerging themes and extract meaning (Birks et al., 2008).

We conducted a themes analysis based on coding data and memos (Skjott Linneberg &
Korsgaard, 2019) to describe how conservation has been included in MSP and identify a
path toward integration. Themes were identified inductively from the qualitative data,
following document analysis. We condensed analytical memos and arranged them into
basic themes: coherent topics on how conservation, or more generally ecosystems, were
conceptualized, emerging from at least two case studies (Attride-Stirling, 2001). We
guantitized codes and memos into frequency counts (Sandelowski et al., 2009) to
estimate prominence and compare across case studies, which informed basic themes.
We then defined and clustered basic themes into organizing themes that shared similar

topics or approaches to conservation from four or more case studies (Attride-Stirling,
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2001). Since themes were derived from codes and memos, we lastly qualitatively
assessed the extent to which case studies reflected each theme to allow for comparison.

3.3 Results

3.3.1 Conservation principles and priorities in MSP

The case studies varied in their guiding principles, policies, sectors addressed, and use
of conservation tools (Table 3.1, see Appendix B for case study overview). These
differences alone do not necessarily imply stronger or weaker integration of conservation
but reflect diverse approaches to conservation and, potentially, enabling conditions for

integration.

Table 3.1. Differences across case studies in their inclusion of conservation in MSP, from
mention of conservation-centric guiding principles to references to specific conservation
management tools. Documents analyzed were (1) Royal Decree establishing the marine spatial
planning for the period 2020 to 2026 in the Belgian sea-areas and a public-facing brochure; (2)
Update of the Integrated Management Plan for the Norwegian Sea; (3) Scotland’s National
Marine Plan; (4) Welsh National Marine Plan; and (5) Marine Spatial Plan for Washington’s
Pacific Coast.

Conservation included in MSP as . . .
MSP case . ; o ; o Specific
d Guiding Overarching | Specific Dedicated Specific P
study . ; . . tools
principles policy goals section commitments
Belgium v v V4 v 4
Norway V4 v V4 V4
Scotland V4 V4 J* V4
Wales v v NE v
Washington v v

*Scotland relies on strategic objectives from the European Marine Strategy Framework Directive and both
Scotland and Wales refer to the UK'’s High-Level Marine Objectives, though neither provide independent
conservation specific goals.

The analyzed plans rarely referred to principles and priorities as conservation per se,
particularly for references to “resilience” and “reduce/manage impacts”. Across case
studies, sustainability-related codes were used most often (23% of all references), while
codes for “general conservation”, “conservation measure/tool”, “ecosystem services”,

“habitat protection”, “specific species”, and “resilience” collectively accounted for less than

half of all references (40%, Figure 3.1). The Welsh case relied more on sustainability and
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resilience concepts than other plans, with references to these codes being 17- and 7-

percentage points higher than average, respectively (Figure 3.2).
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Figure 3.1. Occurrences of conservation principles and priorities referenced in MSP case studies.
References to codes related to conservation principles and priorities (A) as percentages across
all case studies and (B) as frequencies within individual case study documents. Other codes
include those with fewer than 15 references across all case studies: “connectivity & coherence”,
“ecosystem function”, “invasive species”, “long-term”, and “restoration”. Sustainability-related

codes include “sustainability”,

“blue economy”,

“sustainable development®, “Sustainable

Development Goal 14", and “sustainable resource use”. MPA related codes include “marine
protected area”, “MPA network”, and “specific MPA”.
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Figure 3.2. Comparisons of conservation principles and priorities across MSP case studies,
showing percentage point deviation within each case study from the average percentage of
references per code across all case studies.

3.3.2 Themes on conservation in MSP

Our analysis revealed five organizing themes, developed from coding and analytical
memos, reflecting how MSP includes conservation (Table 3.2, Figure B2), on a spectrum
of strong to weak inclusion: (1) ecosystems as fundamental, (2) ecosystems as functional,
(3) social-ecological systems (4) ecosystems as limits, and (5) prioritizing economy (Table

B3, see Annex B for detailed themes descriptions).
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Ecosystems as fundamental emerged from all but the Welsh case, demonstrates the
value of ecosystems beyond the services provided, and represents the strongest
inclusion of conservation (Table 3.2). The Norwegian, Scottish, and Washington cases
recognize connectivity between species, habitats, and ecosystem function, and point to
a need for reducing threats to these. The Belgian, Norwegian, and Scottish cases present
commitments to biodiversity management and reducing risk of impacts to MPAs to ensure
high quality MPAs to meet conservation objectives. The Belgian plan emphasizes
“‘working with nature” and defines MPA boundaries, reflecting the higher-than-average
references to this code (Figure 3.2). This theme also reflects that these cases showed
more frequent references to conservation principles and priorities, cumulatively,

compared to sustainability and reducing impacts (Figure 3.1).

Table 3.2. Definitions of organizing and basic themes and the number of analytical memos
sorted into each basic theme per case study.

z
O
Organizing theme = > % 5
(number of memaos per Basic theme ) < f n Z
theme) O E B ul 5
w O O < <
@ Z n| =] =
Ecosystems, species, and
Ecosystems as habitats are interconnected and
i impacts to ecosystems should be vV v vV
fundamental: Healthy . e
X avoided to maintain ecosystem
ecosystems underpin the function
ocean economy and have  "g i o diversit
intriqsic value beygnd e conserva’gon via effec);ive Y
SEMEES H1e (proveie, ((52) conservation measures, including WY Y v
marine protected areas. v
Ecosystems and the services they NEN,
provide hold economic value.
Ecosystems as Reducing threats and impacts to
functional: Ecosystems ecosystem services supports Vv v v v
serve functions that benefit | long-term sustainability.
society through the delivery | Co-locating conservation
of ecosystem services. (13) | measures with other activities v AN,
delivers ecosystem service
benefits from protected areas.
Social-ecological Contributions of ecosystems to
systems: well-being are recognized as v NVAVAN NS
Interdependencies between | important for sustainability.
the socio-economic and Space is created for local needs
ecological systems are and priorities to be reflected in v v
recognized. (7) planning and management.
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Sustainable development and
Ecosystems as limits: maximum sustainable use occur vV 7Y
Ecosystems can be within ecological limits of the V4
sustainably developed, and | marine environment.
resources extracted, at a Environmental limits and risks are
maximum within identified but guidance for AW, v
environmental limits. (10) managing within limits is not

provided.

Current and, to a lesser extent,
Prioritizing economy: new activities are maintained and S VAVAR VA4
Continuation and/or impacts of activities on each other v N4
development of ocean are minimized.
industries are clear Activities with economic value are
priorities of marine spatial permitted within protected areas v a4 Y
plans. (15) to limit the impact of conservation NN

on industry.

Ecosystems as functional focuses on ecosystem services that benefit society and a more
utilitarian view of conservation, emerging clearly from most cases (Table 3.2) and only
somewhat from the Belgian case via coding (Figure 3.2). This theme acknowledges that
reducing threats and impacts to ecosystems is necessary to ensure the long-term delivery
of services, particularly economically valuable services in the Norwegian and Scottish
cases. While “ecosystem services” was not coded particularly often (Figure 3.1), it guided
most the analyzed plans, exemplified by the Norwegian case stating, “there is a clear
relationship between biodiversity conservation and ecosystem functioning and the

provision of ecosystem services”.

Social-ecological systems was the least evident among themes, recognizing the
contributions of ecosystems to well-being and a need for local engagement with MSP
(Table 3.2). In the Scottish case, the national plan is intended to guide regional planners
doing more localized MSP. This theme also reflects the recognized role of Tribal
governments in the Washington case. The Welsh case was the only plan with cultural
objectives, including preserving language, contributing to well-being, ensuring access to
the marine environment, and an overarching policy for a “strong, healthy, and just
society”. In the Belgian case, the connection between the social and ecological systems
was clear from the onset, stating that “striving for the desired level of naturalness will

result in healthy ecosystem services, at the service of social well-being.”
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Ecosystems as limits emerged from all but the Belgian case, indicating that ecosystems
can be exploited to a sustainable maximum capacity (Table 3.2). This theme suggests
that sustainable development and use occur within ecological limits, though plans often
acknowledged limits without defining them or providing guidance to manage within them.
The Scottish, Welsh, and Washington cases in particular omit responsibility for managing
within limits or defer this to other policies, plans, or agencies. Both the Scottish and Welsh
cases follow the UK guidance of “living within environmental limits” as an overarching
policy for users of the plan (Table 3.1). This theme also reflects the higher-than-average
references to “resilience” in the Welsh case (Figure 3.2), as resilient ecosystems may

better withstand maximal sustainable use.

Prioritizing economy emerged prominently across cases as plans aimed to coordinate
continued use and development of existing and future activities (Table 3.2). This theme
reflects frequent references to sustainability and “reduce/manage impact” (Figure 3.1), a
priority for maintaining activities and minimizing their impacts on each other, and allowing
activities within MPAs (Table 3.2). The Belgian and Scottish cases in particular allow
economically important activities within MPAs where there is, in the Scottish case, “social
or economic benefits of national importance”. This theme is less apparent in the
Norwegian case but is masked by a pattern of requiring longer-term assessments to
warrant conservation action, thereby ensuring continuance of economic activities and

limiting conservation’s impact on other uses.

3.3.3 Conservation ready MSP

Our analysis reveals that some plans appear more prepared to integrate conservation
than others. We argue that some plans are more conservation ready — better prepared to
support and enact conservation given their use of conservation principles and priorities
and inclusion of conservation through policies, goals, commitments, specific tools, or as
a use of marine space. We suggest that the themes presented here reflect a spectrum of
conservation readiness (Figure 3.3). Plans favouring ecosystems as fundamental and

ecosystems as functional, like the Belgian and Norwegian cases, may be more
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conservation ready than plans favouring ecosystems as limits and prioritizing economy,

like the Scottish, Welsh, and Washington cases (Figure 3.4).

ECOSYSTEMS AS FUNDAMENTAL

Biodiversity is central to a healthy ocean that underpins sustainability

ECOSYSTEMS AS FUNCTIONAL

The ocean delivers important ecosystem services that benefit society

SOCIAL-ECOLOGICAL SYSTEMS

The ocean provides well-being benefits through interlinked systems

ECOSYSTEMS AS LIMITS

Sustainable development occurs within the limits of the environment

Conservation readiness in MSP

Continued use and development take priority over conservation

Figure 3.3. Conservation readiness in MSP based on organizing themes derived from case
studies, where readiness is highest in plans that incorporate conservation using an ecosystems
as fundamental theme and lowest in plans that incorporate conservation using a prioritizing
economy theme.
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ECOSYSTEMS AS FUNDAMENTAL

Biodiversity is central to a healthy ocean that underpins sustainability

0000000 0000
ECOSYSTEMS AS FUNCTIONAL

The ocean delivers important ecosystem services that benefit society

00000000
SOCIAL-ECOLOGICAL SYSTEMS

The ocean provides well-being benefits through interlinked systems

0000000
ECOSYSTEMS AS LIMITS

Sustainable development occurs within the limits of the environment

000000000
PRIORITIZING ECONOMY

Continued use and development take priority over conservation

@ Belgium Norway ® scotland @ Wales @ Washington

Conservation readiness in MSP

Figure 3.4. Conservation readiness across MSP case studies. The relative importance of
organizing themes per case study is depicted with coloured circles for analytical memos sorted
into each theme (see Table 3.2). Case studies can reflect multiple themes to varying extents,
affecting their level of conservation readiness.

Plans that frame ecosystems as fundamental may be the most conservation ready,
recognizing that biodiversity conservation serves as a foundation for sustainable resource
use (Frazdo Santos et al., 2018, Figure 3.3). The Belgian and Norwegian plans most
strongly reflect this theme (Figure 3.4), making specific conservation commitments (Table
3.1) and higher-than-average coding frequencies for conservation priorities (Figure 3.2).
For these plans, conservation principles and priorities are more apparent, ecosystems
are seen as interconnected, and biodiversity is prioritized in conservation measures
(Figure 3.1, Table 3.2).
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Plans that frame ecosystems as functional may still be conservation ready, reflecting the
role of healthy ecosystems in sustaining economically important services (Table 3.2);
however, prioritizing only target species would limit the role of wider “biodiversity services”
(Cavanagh et al.,, 2016; Seddon et al.,, 2016), potentially dampening conservation
readiness. This theme is apparent in the Norwegian case, where conservation appears
to serve as an enabling factor for sustainable use. This and the Belgian case also favour
ecosystems as fundamental, improving conservation readiness relative to the Scottish

case that leans more toward ecosystems as limits (Figure 3.4).

Plans that reflect social-ecological systems recognize the importance of ecosystems to
well-being, and thus their importance to sustainability, and may be somewhat
conservation ready (Table 3.2, Figure 3.3). Favouring social-ecological systems may
improve the inclusion of local needs and well-being objectives, as exemplified by the
Washington and Welsh cases. Positive well-being outcomes can enhance MPA
effectiveness by being more socially acceptable (Ban et al., 2019). Thus, favouring social-
ecological systems may similarly support well-being outcomes in MSP, thereby improving

social acceptability and potentially conservation readiness.

While ecosystems as limits acknowledges the ecosystem, prioritizing economy favours
development and minimizing the impact of conservation on continued use. Plans
favouring these themes, including the Scottish, Washington, and Welsh cases, may be
less conservation ready (Figure 3.4), as their focus lies in sustainability, reducing or
managing impacts, and resilience (Figure 3.2). The Welsh case notably relied on
resilience concepts, which were tied to future ocean benefits rather than explicitly
ecological resilience. The Scottish and Welsh plans also refer to “maximizing sustainable
development” without defining the “maximum”. This language may stem from fisheries
maximum sustainable yield, which similarly relies on environmental limits and has been
criticized for its simplistic view of ecosystems (Legovi¢ et al., 2010). These plans may be

less ready to integrate conservation, focusing instead on sustaining extractive activities.
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3.4 Discussion

Our analysis demonstrates that a layering of themes is likely required to achieve diverse
MSP objectives (Figure 3.4), but that conservation readiness may be bolstered through
certain themes, particularly by framing ecosystems as fundamental to sustainable use
and development. Conservation may be embedded in MSP via ecosystems as functional
and social-ecological systems; enacted through conservation measures via ecosystems
as fundamental; and address impacts from multiple uses via ecosystems as limits.
Sectors depending on healthy ecosystems, like fisheries, may benefit more from
conservation ready MSP in the short-term than less dependent sectors, like mining, where
prioritizing economy may take precedent. In the long term, conservation ready MSP may
safeguard healthy ecosystems by avoiding trade-offs between immediate profit and the

long-term delivery of multiple benefits.

We suggest that planners consider how each of these themes are reflected in MSP, and
how the use of conservation principles and priorities can ensure that healthy ecosystems
support full spectrum sustainability (Foley et al., 2020). Conservation readiness might be
improved via a dedicated conservation component in MSP, as in the Belgian and
Norwegian cases; however, we also recommend that conservation be viewed as
underpinning other ocean uses, reflecting the need for protection and restoration to
deliver sustainability (Claudet, 2021). These cases were both in the adaptation phase of
MSP (Table B1) and may be more conservation ready than earlier iterations.
Conservation readiness may require time and adaptation as plans are evaluated and new
information becomes available. MSP that incorporates well-being considerations,
reflecting the social-ecological systems theme, and that goes further to prioritize
participation, equity, and inclusion, may bolster conservation readiness via social
acceptance. Further, since marine spatial plans often prioritize economic development
(Trouillet, 2020), the historical context of conservation and political motivations will likely

influence conservation readiness.

Conservation ready MSP does not negate the need for conservation planning. We found

that the analyzed plans rarely focused on finer principles and priorities, such as
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connectivity, ecosystem function, restoration, and long-term conservation, which may be
difficult to include in MSP. For instance, connectivity is essential for ecosystem
functioning and can support ecosystem-based MSP (Foley et al., 2010), but achieving
connectivity remains a challenge in conservation planning (Balbar & Metaxas, 2019),
potentially hindering its uptake in MSP. Our results highlight how some conservation
concepts can be co-opted by MSP to promote use in perpetuity. In our analysis, resilience
seems disconnected from the ability of ecosystems to recover from disturbances without
slowly degrading, and therefore did not consider the need for conservation measures to
promote resilience (Darling & Coté, 2018; Hughes et al., 2005). Comprehensive MSP that
uses conservation planning as a tool may improve conservation readiness (Trouillet &
Jay, 2021).

MSP research and practice are diverse (Trouillet, 2020). The plans assessed in this study
do not reflect the full spectrum of MSP and our results may be less relevant to non-
European or European influenced nations. While our qualitative analysis was
comprehensive, it was limited to five marine spatial plans available in English. We
propose the concept of conservation ready MSP as potentially beneficial, but the concept
may not be generalizable for all MSP initiatives. The plans analyzed here take different
approaches to conservation, but there are many more approaches that could further
inform conservation ready MSP. This analysis was conducted on the most recent iteration
of MSP and does not reflect accompanying documents that could add to our
interpretations. Future work may consider these accompanying documents and additional
plans, programs, or policies that MSP may rely on to bolster conservation readiness.
Further, it is possible that highly integrated governance frameworks confer conservation
readiness, which may also be explored in future research. Our analysis does not assess
conservation outcomes, but future studies may continue this work by analyzing outcomes

to further develop this concept.

3.5 Conclusion

Our results suggest that MSP is driven by ocean management and impact mitigation to

foster sustainable use and development. With cumulative impacts from climate change
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and human activities increasing in intensity across the ocean (Halpern et al., 2019),
mainstreaming biodiversity in strategy, policy, and planning is critical for sustainable
development (OECD, 2018). As others have identified a need for climate ready MSP
(Frazdo Santos et al., 2020), we suggest a need for conservation ready MSP to support
progress toward global ocean goals (Secretariat of the Convention on Biological Diversity
et al., 2016; Secretariat of the Convention on Biological Diversity & Technical Advisory
Panel-GEF, 2012). MSP may be more conservation ready when ecosystems are viewed
as fundamental to sustainable use, rather than limits to resource use or prioritizing
economy. Conservation readiness is not intended to bias MSP, but rather to integrate the
objectives of marine protection, sustainable use, and sustainable development. We
propose conservation ready MSP as a concept and a call to action to centralize

biodiversity in planning if we are to achieve a truly sustainable blue economy.
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4. The MSP Index: A tool to guide and assess marine spatial planning

Abstract

Marine spatial planning has the potential to balance multiple demands for ocean space
with environmental protection and is increasingly considered crucial for achieving global
ocean goals. In theory, MSP should adhere to six principles: (1) ecosystem-based, (2)
integrated, (3) place-based, (4) adaptive, (5) strategic, and (6) participatory. Despite
nearly two decades of practice, MSP continues to face critical challenges with fully
realizing these principles, hindering its ability to achieve the promise of balance. Here, we
develop the MSP Index, a principle-based tool for assessing progress in MSP that can
guide practitioners in actualizing principles in practice. We used qualitative analysis of
fundamental MSP guides, complemented with literature review, to identify key features of
MSP principles. We developed these features into a scoring guide that gauges progress
relative to principles, then tested the Index on six case studies available in English from
distinct regions. We found that the Index allows for high-level comparison across diverse
types of marine spatial plans, highlighting the extent to which MSP principles have
permeated practice. Our results reveal successes and gaps in MSP initiatives, particularly
related to gaps in the adaptive and participatory principles. The Index does not assess
MSP outcomes but serves as a guidance tool that would be best employed by
practitioners. It is the first tool of its kind to link MSP principles to practice, allowing for
assessment of individual initiatives and comparison of diverse initiatives across ocean

regions and nations.

4.1 Introduction

Over the last 50 years, ocean industries have expanded at an increasing rate,
representing a global acceleration in ocean development that is changing the ocean as it
unfolds (Jouffray et al., 2020). Such rapid change may represent a loss to humanity of
natural resources, ecosystems and the services they provide, life sustaining oxygen, and
critical species (Laffoley et al., 2020). As nations develop aspirations for the blue

economy — a pathway for bridging economic development with ocean stewardship,
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protection, and restoration (Mulazzani & Malorgio, 2017; Voyer et al., 2018) — the need
for coordinated, collaborative, and comprehensive ocean planning becomes increasingly

urgent.

Marine spatial planning (MSP) is a process for analyzing the spatial and temporal
distributions of ocean uses to achieve ecological, economic, and social objectives (Ehler
& Douvere, 2009). It offers a more holistic approach than traditional single-sector planning
by accounting for multiple uses and objectives, while adopting some concepts from
terrestrial planning (Jay, 2010; Jay et al., 2013). MSP can help to coordinate and regulate
the blue economy by identifying sites for new ocean uses, mitigating conflicts, fostering
collaboration, and promoting capacity building (UNESCO-IOC/European Commission,
2021), while still ensuring that efforts to realize the economic potential of the ocean does
not damage already fragile ecosystems. At its core, MSP strives to achieve balance,
holding the potential to deliver both ocean conservation and sustainable use or
development objectives (Frazdo Santos et al., 2018; Secretariat of the Convention on
Biological Diversity & Technical Advisory Panel-GEF, 2012). There is a strong and
growing body of academic research and theory behind MSP (Ehler et al., 2019; Flannery
et al., 2020), but if this theory cannot be translated into practice (Trouillet, 2020), MSP will

not fulfill its potential for supporting global goals for a healthy and productive ocean.

In their influential step-by-step guide to MSP, Ehler & Douvere (2009) identified
characteristics of effective MSP: (1) ecosystem-based, (2) integrated, (3) place-based or
area-based (hereafter, place-based), (4) adaptive, (5) strategic and anticipatory
(hereafter, strategic), and (6) participatory. Here, we consider these characteristics to be
foundational principles of MSP, aligning with those guiding MSP in the European Union
(EV). For instance, the EU principal for “using MSP according to the area and type of
activity” mirrors the place-based principle; “incorporating monitoring and evaluation”
reflects the adaptive principle; and “coordination with Member States” aligns the
integrated principle (Commission of the European Communities, 2008). The application
of these principles in practice has proven challenging, as MSP continues to grapple with

adaptation, engagement, institutions, and balancing economic development with
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conservation (Frazdo Santos et al., 2018). MSP initiatives are diverse (Trouillet, 2020),
and often driven by political interests and investments (Flannery et al., 2019), resulting in
plans that unevenly employ best practices and may or may not support a sustainable blue

economy.

As many initiatives worldwide are in pre-planning and plan preparation phases of MSP
(Ehler, 2020), and given the growing prominence of blue economy discourses and
policies (Golden et al., 2017; Silver et al., 2015), now is a critical time for providing
guidance that ensures MSP theory informs practice. We aim to identify the key features
of principles to develop the MSP Index, a tool that gauges progress on the use of
principles within diverse MSP initiatives that can inform process improvement and MSP

advancement toward best practices.

4.2 Methods

4.2.1. Identifying MSP features

We used a three-step process to identify and describe MSP features. We define features
as prominent attributes of MSP principles that comprise a set of requirements — elements
that describe a given feature. This three-step process involved (1) literature review and
gualitative document analysis to identify potential features; (2) qualitative sorting to
identify preliminary features; and (3) qualitative sorting to amalgamate and describe key
features (Figure C1). First, potential features were derived from a review of fundamental
MSP guides, including Ehler & Douvere’s (2009) step-by-step guide and Ehler's (2014)
guide to evaluating marine spatial plans. At the time of review, the recent international
MSP guide (UNESCO-IOC/European Commission, 2021) had not yet been published.
This review was supplemented with select papers that are widely accepted as leading
publications in the subject area based on the number of citations or publications authored
by subject matter experts (expertise determined by the number of articles on a topic by
the author(s)) (Long et al. 2015, Table C1). Our intention was not to develop a
comprehensive index, but an index that could be flexible enough to be adapted with

alternative features as needed by MSP practitioners. Given this, it was deemed
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unnecessary to conduct an exhaustive literature review to identify all possible features
under MSP principles, though we are confident that MSP best practices have been

captured.

For document analysis, we used a blended approach to qualitative coding to identify
features from the MSP guides and selected supplementary literature (Skjott Linneberg &
Korsgaard, 2019). Passages of text were deductively assigned a code for the potential
principle they reflected (e.g., adaptive or participatory) and inductively assigned a code
for a potential feature (e.g., uncertainty or stakeholder dialogue) as they emerged from
the text. Analysis of the selected literature resulted in 194 potential features. Potential
features overlapped in their intention or, in some cases, better reflected potential
requirements (i.e., descriptive elements or specific actions to be taken to fulfill a feature).
We used cutting and sorting of the coded passages of text to group similar items together
(Ryan & Bernard, 2003), establishing a set of 43 preliminary features. For each of these,
we described an intention and retained potential requirements of features identified from
the coded passages of text. Following this, we used a second round of cutting and sorting
to amalgamate preliminary features where there were redundancies and to ensure best
fit of the features to their respective MSP principles (Figures C1 & C2). This process
resulted in a set of 36 key features, six per MSP principle, each with distinct intentions

and requirements.

4.2.2. Developing & testing the MSP Index

Using the identified features, we developed the MSP index — a qualitative scoring guide
that can be used to assess progress in MSP processes as it relates to MSP principles. In
this guide, we used a four-point scale, from zero to three points. A zero measure indicated
the absence of a feature, while one to three points captured the varying extents to which
MSP meets feature criteria. For each possible score, we developed a concise criteria
statement from feature intentions and requirements. In our index, a feature can be absent
(score = 0); minimal, where a feature is generally present, but few requirements are

present (score = 1); good, where commitments to a feature are made, but not all
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requirements are present (score = 2); or excellent, where all requirements are clearly

present in an MSP initiative (score = 3).

To test the functionality of the MSP index, we applied the scoring guide to six international
case studies. We selected case studies from an online database of MSP initiatives
developed by the Intergovernmental Oceanographic Commission (I0C) (http://msp.ioc-

unesco.orq) in June 2021. It should be noted that, as of January 2022, this website is not
active. We provide the MSP initiatives previously listed on this website in the data
provided with Supplementary Information. To capture a diversity of MSP processes, we
used stratified random sampling to identify one case study for each of the six regions
identified by this website: Africa (=10 MSP initiatives), Asia (n=8), Europe (n=38), Middle
East (n=2), Oceania (n=10), and the Americas (n=38). Each of the 106 MSP initiatives
was assigned an identifier number and all initiatives within a given region were arranged
in numerical order. We used R Version 3.6.1 to randomly sample case studies by identifier
number from each ocean region, then screened the associated case study using the

following criteria:

e Language: the case study documentation must be in English
e Plan: the case study must have a final draft or final approved plan available

e Supporting content: the case study must have sufficient content publicly available

If a randomly selected case study did not meet these criteria, then we continued random
sampling without replacement until a case study was selected that did meet the criteria.
For most regions, the first or second case study screened met the inclusion criteria,
except for Africa where the sixth case study screened met the criteria. The six selected
case studies capture MSP initiatives of different times, at different scales, and with
different intentions (Table 4.1).
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Table 4.1. Characteristics of case studies selected to test functionality of the MSP index.
Intention reflects the high-level purpose of each case study, where coastal zone planning
focuses on integrated planning in that zone, conservation planning focuses on the protection of

biodiversity and ecosystems, and marine planning encompasses a broader form of MSP.

Case study Year Scale Intention

Ireland 2021 490,000 km? Marine planning

Israel 2015 26,000 km? Marine planning
Kiribati — PIPA* 2015 408,250 km? Conservation planning
Philippines — Bataan 2007 Up to 15 km municipal limit Coastal zone planning
South Africa 2017 472,280 km? Marine planning

USA — Rhode Island 2010** 3,800 km? Marine planning

*P|IPA — Phoenix Islands Protected Area

**Revisions of general policies and regulatory standards adopted January 10, 2012

We applied the MSP index to these case studies using qualitative coding of primarily the
final marine spatial plan. Where it was unclear how to score a feature based on the final
marine spatial plan, we reviewed grey literature for additional information, including
webpages, legislation, guiding documents and frameworks, participation documents, and
government documents where relevant. Passages of text within these documents were
coded to features under the MSP principles. Once all documents had been coded, we
reviewed the related passages of text to score each feature from using the scoring guide.
Feature scores were then summed within each principle to determine a principle score
(out of 18), and all six principle scores were summed to determine the overall MSP score
(out of 108).

4.3 Results

4.3.1. The MSP Index

The MSP index comprises 36 features, ranging from establishing a common framework
for integration in MSP to monitoring to setting goals and objectives (Figure 4.1). Of the 36
features, 33 were identified, in some part, from Ehler & Douvere (2009) and Ehler (2014).
Only climate change (adaptive), multi-level integration (integrated), and scale (place-

based) emerged from the supplementary literature alone. Most features emerged from
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more than one source, though resource allocation, climate change, upstream and
downstream, and spatial information emerged from single sources (i.e., one reviewed
document). The features broadly reflect best practices and core elements of MSP to
assess the planning process as it relates to foundational principles, rather than MSP
outcomes that relate to particular objectives (e.g., sustainable fishing practices, suitable
areas for renewable energy development). Criteria statements for features ranged from
a lack of recognition or intention to achieve a feature to implementation of a feature, where

requirements have been met (Figure 4.2).
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Figure 4.1. Features of the MSP index under foundational principles ecosystem-based,
integrated, place-based, adaptive, strategic, and participatory. To assess MSP progress, each
feature can score between zero and three points based on feature criteria statements defined in
the MSP index scoring guide (Table C2).
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Figure 4.2. Example scoring guide for three features from the MSP index under ecosystem-
based, place-based, and participatory principles. Case studies were scored according to this

guide (Table C2).
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4.3.2. Testing the MSP Index

The analyzed case studies differed in their goals, processes, and capacity to affect and
implement policy and regulations. Most case studies had goals related to sustainability,
including sustainable use of resources, sustainable ecosystems, and sustainable
development of new ocean uses; however, the Kiribati case, while listed by the IOC as
an MSP initiative, appeared as a marine protected area planning in a remote and isolated
region. Because this case study was listed as an MSP initiative by the 10C, we did not
exclude it from analysis. All case studies were led or adopted by government authorities,
except for the Israel plan that was primarily developed outside the government by a team
of researchers, planners, and consultants. In this case, governments were stakeholders

who patrticipated in the MSP process.

While some plans established an MSP policy framework, others focused on regulations
and zoning. The Bataan initiative was the only case study to establish zones for all uses
and objectives (e.g., Aquaculture zone, municipal fishing zone, sanctuaries). The Rhode
Island case established zones for only renewable energy development. The Rhode Island
case was also the only initiative analyzed that established regulations, though these
regulations were also specific to minimizing the impact of renewable energy
developments on existing uses and the ecosystem. This plan occurred at the state-level
with linkages to national-level policy and legislation. In contrast, the Ireland and South
Africa case studies are national-level initiatives that established frameworks for decision-

making concerning marine uses and planning.

We found that the MSP index was flexible enough to be applied to the diverse case
studies selected (Table 4.1), providing a high-level snapshot of progress made toward
realizing MSP principles in these initiatives (Figure 4.3). Of a possible 108 points, the
initiatives scored between 84 (Rhode Island Ocean Special Area Management Plan) and
44 points (Coastal Land- and Sea-use Zoning Plan of the Province of Bataan). On
average, the place-based principle scored highest across plans (13.5 out of 18 possible
points). The lowest average scores were found for the adaptive (6.5 out of 18 possible

points) and participatory principles (7.7 out of 18 possible points). For the remaining
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principles, average scores were 11.5, 11.5, and 12.2 out of 18 possible points for
ecosystem-based, integrated, and strategic principles, respectively. The highest score for
any principle was 16, achieved by the Rhode Island case for the place-based principle
and the Kiribati case for the strategic principle. For all case studies, only nine of 36
principles (six per case study) scored 14 or higher, and four of these instances belonged

to the Rhode Island initiative.

WRIBATI-Pjp A

Ecosystem-based @ Integrated @ Place-based @ Adaptive ( Strategic  Participatory

Figure 4.3. MSP index scores for assessed case studies, where each petal represents the score
per MSP principle (ecosystem-based, integrated, place-based, adaptive, strategic, and
participatory). The maximum score per principle is 18, depicted by the number at the outer edge
of each petal. The maximum possible MSP index score is 108, depicted by the number in the
centre of each flower plot.

Within principles, features were most often scored as good (score = 2; 43% of scores),
followed by minimal (score = 1; 23% of scores), excellent (score = 3; 22% of scores), and
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absent (score = 0; 13% of scores). Resource allocation (adaptive) scored as absent for
all case studies, while compliance and enforcement (strategic) and balancing demands
(integrated) scored as minimal for all but Rhode Island and Kiribati cases. Uncertainty
(adaptive) also scored as minimal for all but the Rhode Island case study. Under the
participatory principle, stakeholder empowerment and participation plan both scored as
absent for half of the case studies. In contrast, boundaries (place-based) scored as
excellent for all cases except Israel, and spatial information (place-based) scored as
excellent for all but the Kiribati and Bataan case studies (see data provided in

Supplementary Information).

Within case studies, the Rhode Island case scored above average for all MSP principles,
while the Israel and Bataan cases scored below average for all principles. The Israel case
scored 50% of the maximum possible principle score (18) or less for all principles except
place-based. The Bataan initiative was the only case study to score zero on a principle
(adaptive). The Kiribati case (Phoenix Islands Protected Area Management Plan 2015-

2020), scored below average for the participatory principle.

4.4 Discussion

We developed and tested the MSP Index, demonstrating how this new tool can facilitate
high-level assessment of MSP documents, and ultimately MSP processes. The MSP
Index gives a snapshot of the extent to which theoretical principles have permeated MSP
practice. We found that the Index can be used to compare different types of MSP
initiatives, from local to national-scale plans, recent and older plans, and plans with
diverse objectives in sustainable resource use and biodiversity conservation. The case
studies analyzed to test functionality of the Index revealed that while some principles are
clearly intrinsic to the MSP process, like place-based which consistently scored high
among analyzed initiatives, others appear more challenging to implement. We found that
only 25% of MSP principles scored 14 or higher across case studies (maximum score =
18), resonating with persistent challenges facing MSP development, including
deficiencies in political and institutional frameworks; stakeholder engagement; balancing

economic development with conservation, and incorporating global environmental
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change (Fraz&o Santos et al., 2018). These challenges hinder the use of MSP principles
in practice, reflected here under the integrated, participatory, ecosystem-based, and
adaptive principles, respectively. Our case study analysis generally shows how MSP

principles have been unevenly applied in practice.

MSP is not intended to lead to a one-time plan, but should be approached like other
planning exercise as an iterative process that ensures the plan remains relevant (Ehler &
Douvere, 2009). We found that the adaptive principle scored lowest across analyzed case
studies (Figure 4.3). Once plans are complete, the incentive for governments to continue
investment in MSP likely diminishes. There are few clear examples of MSP initiatives that
embrace change, dynamic systems, and adaptation (Collie et al., 2013; Gissi et al., 2019),
and initiatives seldom dedicate sufficient resources to monitoring, evaluation, and
adaption (Frazdo Santos et al., 2018). Further, it is difficult to disentangle the actual
outcomes of MSP from all other elements affecting ocean activities and ecosystems
(Varjopuro, 2019). At a global scale, evaluation in MSP has shifted away from evaluation
of outcomes to evaluation of the MSP process itself (Stelzenmdiller et al., 2021). A similar
trend has been observed in conservation, where political and institutional barriers to
assessing conservation impacts can be pervasive and difficult to overcome (Pressey et
al., 2021). These challenges in evaluation were apparent in our analysis, as four case
studies scored minimal or absent for the evaluation feature and no case study met the
criteria for resource allocation under the adaptative principle, though it is possible that
these features exist in practice and have not been publicly documented. The latter feature
requires mechanisms for resources to be reallocated away from ineffective management
actions to alternatives based on monitoring and evaluation (Table C2). Our application of
the MSP Index reveals that the analyzed plans may be poorly prepared to undertake
iterative planning and adaptation. Similarly, though to a lesser extent, our MSP Index

scores show that many initiatives lack key features of a participatory process.
Recent MSP initiatives appear devoid of politics (Flannery et al., 2019), despite MSP

being an intrinsically political process (Ehler & Douvere, 2009). This unpolitical version of

MSP sanitizes the process toward consensus, likely disempowering stakeholders with
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diverse and contrasting views (Flannery et al., 2019). Through the MSP Index, our
analysis may confirm this, as the stakeholder empowerment feature scored consistently
low. To achieve an excellent score for this feature, an initiative must demonstrate that
mechanisms exist to ensure stakeholders have the means, skills, and knowledge to
participate in MSP, among other criteria (Table C2). Others have found a perception
among MSP participants that the process is deliberately exclusionary, plagued by poor
communication, fragmented governance, and vagueness surrounding winners and losers
in MSP (Flannery et al., 2018). To be properly participatory, MSP initiatives must
distinguish between inviting stakeholders to the table and empowering them to influence
MSP outcomes, including policy (Said & Trouillet, 2020).

The MSP Index is intended to give a high-level overview of MSP initiatives, whether they
are in development or implemented, but it does not evaluate the efficacy of MSP, nor
MSP outcomes. The Index is limited in its capacity to reflect all aspects of MSP. One
cannot discern the intention or context of MSP from Index scores alone. For example, the
Kiribati case study presented here scored low on the participatory principle; however, the
Phoenix Island Protected Area (PIPA) region lacks permanent human settlement and, at
the time of this plan, was inhabited by fewer than 40 people employed as government
caretakers for the protected area (Ministry of Environment, Lands and Agriculture
Development, 2015). Given this, the participatory principle may not be as applicable to
this case study as for others assessed here due to a lack of local users. In such cases,
this principle might be omitted, or the Index might be adapted to employ other principles
that suits local needs and MSP objectives. Over time, principles may become more or
less relevant to an MSP initiative. In the case of PIPA, as the area is opened to
commercial fishing for the first time since 2015 (Guterman, 2021), a participatory and
inclusive process may be necessary for future iterations of MSP. With flexibility in use of
the MSP Index and varied contexts, we recommend that Index scores be accompanied
by a description of the analyzed plans to reflect local realities and challenges faced in
MSP.
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Despite recent growing recognition of the importance of culture for ocean planning and
management (Christie et al., 2017; Kikiloi et al., 2017; McKinley et al., 2019), cultural
values have not been widely embraced in MSP (Gee, 2017). As presented here, the MSP
Index lacks a direct cultural component, which may reflect the relative importance of
culture when fundamental MSP guides were published. Still, culture may be captured, in
part, by some features. For example, criteria for the evidence-based feature includes use
of the different types of information, such as Indigenous and local knowledge, and criteria
for the stakeholder empowerment feature includes decentralizing management or
enabling participation in governance (Table C2). These criteria may be extracted from
existing features and added to a future iteration of the Index that more directly
incorporates culture. A culture-related MSP principle may include features such as
dedicated funds for collecting sociocultural data, investment in reliable partnership

building and knowledge co-production, or co-management (Pennino, 2021).

The case study analyses we present are limited by the implications of external review,
including access to only publicly available documents, which likely do not capture the
MSP initiatives in their entirety. Our application of the MSP Index focused on final marine
spatial plan documents, and was supplemented with relevant webpages, legislation, and
relevant documents as necessary. Still, this method is limited to documents that are freely
available, and it is likely that files in progress or sensitive in nature, including those
pertaining to the adaptive and participatory principles, are not made available to the
general public. Given this, it was difficult to discern some features. For example, if an
initiative is farther along in the MSP process, a work plan may exist but may not be
reported in the current iteration of the plan. For a feature to score ‘excellent’ (3), all
requirements of said feature must be clearly present in the analyzed documents. This
resulted in nearly twice as many features scoring ‘good’ (2), rather than ‘excellent’ across
case studies. The Rhode Island case develops a strong spatial management plan, but it
is not clear from the plan alone whether a preferred scenario was selected from
alternatives. Since the plan did not meet all requirements of this feature, it was scored as
‘good’. Future applications of the Index by external reviewers may couple document

analysis with practitioner interviews. Secondly, future iterations of the Index may be more
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flexible if an excellent score required the majority of requirements to be present, rather
than all. In general, the MSP Index would be best used by case study experts and MSP
practitioners who are aware of the complete context of assessed initiatives beyond what

is published in publicly available documents.

4.5 Conclusion

The MSP Index developed and tested in this study proved to be a flexible tool for
assessing MSP processes based on foundational principles, including being ecosystem-
based, integrated, place-based, adaptive, strategic, and participatory. The Index uses a
qualitative scoring guide to assess key features under these principles, highlighting
successes and gaps in processes that can inform MSP advancement. The MSP Index is
not an evaluation tool, per se, because it does not assess outcomes of the plans, rather
it assesses key features that reflect MSP best practices. By using the Index, successes
and gaps in MSP processes can be identified to inform a path forward. Our application of
the Index to six case studies reveals that MSP principles are unevenly applied in practice,
which may reflect the diversity of approaches to, objectives for, and localized needs of
MSP. While the Index is based on best practices derived from fundamental MSP guides
(Ehler, 2014; Ehler & Douvere, 2009), the framework of the Index is flexible and
customizable. Future iterations might incorporate new principles or features that are
locally relevant. This may include a cultural component, given the need to incorporate
cultural considerations in governance for effective and equitable ocean management and
sustainability (Bennett et al., 2021; Christie et al., 2017; Claudet, 2021). The MSP Index
is the first tool of its kind to gauge progress based on MSP principles, allowing for
assessment of individual MSP processes and comparison of diverse initiatives around

the world.
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5. Conclusions

5.1 Research contributions

MSP holds the potential to support goals for healthy ocean ecosystems and sustainable
uses of ocean resources (Kirkfeldt & Frazdo Santos, 2021). Despite its prominence
worldwide and a growing body of scientific literature (Ehler, 2020; Flannery et al., 2020),
MSP continues to face challenges with insufficient regulatory policy and institutional
frameworks, often leading to poor implementation, and balancing economic development
with biodiversity conservation for environmental sustainability (Fraz&o Santos et al.,
2021). MSP also continues to struggle with adaptation, stakeholder engagement,
inclusion of social data, transboundary issues, and climate change (Frazado Santos et al.,
2021). Mismatches between the academic research and MSP practice may be producing
recommendations that are incompatible with the complex realities of ocean governance
(Zuercher et al., 2022). In this thesis, | explored these challenges in MSP to bridge the
gap between the idealized version of MSP presented in the literature and MSP practice.
Specifically, the objectives of this research were aimed at developing guidance based on
evidence and existing marine spatial plans that might amplify the theoretical potential of
MSP toward best practices for planning and management, supporting the delivery of
ocean conservation and sustainability goals. This research contributes to knowledge by
establishing bridges between the academic literature and practical planning and

management.

As the gap between the science being produced and the science needed and used by
managers and decision-makers grows (Lemieux et al., 2021), this research synthesized
evidence and analyzed MSP practice to contribute knowledge specifically aimed at
improving planning and management. The research questions addressed in this thesis
provide guidance to practitioners on how to unlock the potential of MSP for conservation
and sustainability by optimizing existing planning processes and management tools.
Chapter 2 demonstrates the importance of multi-sector conservation tools (i.e., fully and
partially protected areas) for achieving SDG 14 targets, highlighting the fundamental role

of biodiversity in sustainable ocean use and development. MSP that is conservation-
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ready, embedding conservation principles and priorities as discussed in Chapter 3, may
be more likely to implement these management tools as a means for achieving long-term
sustainability. To deliver ecological, economic, and social objectives, MSP must
recognize the synergy between biodiversity and sustainable development. The MSP
Index developed in Chapter 4 provides a mechanism for assessing the key features of
MSP that may capture this synergy, guiding practitioners toward best practices to realize,
and amplify, the full potential of MSP.

While the three research chapters of this thesis represent standalone interventions into
MSP and spatial management, together they provide a blueprint for how MSP
practitioners may overcome critical challenges (i.e., those identified by Frazdo Santos et
al., 2021). In particular, this thesis demonstrates the potential for MSP to realize, through
the planning process, spatial management plans, and the tools implemented as a result
of MSP, the interdependencies between biodiversity conservation and sustainable
resource use, enabling MSP to better balance economic development with conservation
for environmental sustainability. Chapter 4 identifies the key features to include in MSP
to unlock its full potential as an ecosystem-based process, including enacting biodiversity
conservation, balancing multiple objectives, and minimizing threats to species and
ecosystems, among other features and principles. Chapter 3 shows that spatial
management plans, the primary output of the MSP process, can better realize the
fundamental role of biodiversity in sustainable resource use and development by making
specific conservation commitments and recognizing that conservation underpins ocean
use. Chapter 2 identifies the tools with the most potential to achieve sustainability goals
— primarily those with conservation objectives that affect multiple ocean sectors, indicating
to practitioners which tools ought to be included in spatial management plans aiming to
achieve sustainable resource use. Implementing the recommendations of this thesis,
following its blueprint, may allow MSP to achieve its full potential as the foremost

approach to coordinated, collaborative, and comprehensive ocean planning.

Chapter 2 deepens our understanding of the utility of common management tools

available to MSP for supporting ambitious ocean goals and uncovers important
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knowledge gaps related to social and economic outcomes from these tools. Since SDG
14 can be described as largely aspirational (Cormier & Elliott, 2017), this chapter provides
critical knowledge on how SDG 14 might be achieved at the management-level. Chapter
3 considers science-based conservation priorities and principles, beyond the relationship
between MPAs and MSP (Agardy et al., 2011; Trouillet & Jay, 2021; Vaughan & Agardy,
2020), adding new knowledge of how conservation more broadly has been captured in
MSP practice. Chapter 4 expands on Chapters 2 and 3 to explicitly link the theoretical
principles of MSP, informed by fundamental MSP guides and the academic literature, to
operational best practices on a spectrum from minimal to excellent use of key MSP
features. This thesis adds to our understanding of how science can be synthesized and
leveraged to operationalize science-based guidance into formats that are possibly more
accessible and more useful to practitioners. Together, these chapters make academic
and practical contributions that highlight the importance of multi-sector management
tools, the need for conservation ready MSP, and the growing demand for local

perspectives in MSP.

MSP is a place-based process, focusing on a specific ecosystem and the human activities
occurring within those geographical boundaries (Ehler & Douvere, 2009). In Chapter 4,
the place-based principle scored highest among analyzed case studies, reflecting the
spatiality that is intrinsic to MSP. This process should produce a spatial management plan
that makes use of spatial management measures, or area-based management tools
(ABMTSs), to achieve desired goals and objectives (Ehler & Douvere, 2009). Depending
on these objectives, management tools, both spatial and non-spatial, might be layered to
manage multiple overlapping uses and impacts. In Chapter 2, | found that multi-sector
ABMTs, those managing more than one ocean use, hold the greatest potential for
supporting Sustainable Development Goal 14: Life Below Water (SDG 14). Through the
strategic selection of ABMTs, based on the ecological, social, and economic outcomes
they deliver, MSP may become more effective and better able to contribute to global
ocean goals. In particular, Chapter 2 demonstrates the importance of conservation tools
for ocean sustainability, including fully and partially protected areas. As an ecosystem-

based process, MSP can, and based on these findings should, integrate biodiversity
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objectives with sustainable use objectives. Conservation ready MSP encourages such

integration.

Plans that are conservation ready are designed to support and enact conservation using
relevant principles and priorities, and policies, goals, commitments, and management
tools that enable conservation. In Chapter 3, | proposed that MSP may be more
conservation ready when ecosystems are viewed as fundamental to sustainable use,
rather than limits to resource use or prioritizing the economy over the ecosystem. This
theme clearly relates to the ecosystem-based MSP principle assessed in Chapter 4.
Beyond the thematic framing of biodiversity in MSP discussed in Chapter 3, key features
of this principle discussed in Chapter 4, including ecosystem function, habitat, adjacent
ecosystems, biodiversity conservation, multiple objectives, and minimizing threats, may
also reflect conservation readiness. Plans that score higher under this principle, including
the Kiribati, Ireland, and Rhode Island case studies, may be more conservation ready
than plans with limited progress on ecosystem-based features. The use of multi-sector
conservation ABMTs (Chapter 2), recognizing the fundamental role of biodiversity in MSP
(Chapter 3), and fulfilling key features of ecosystem-based MSP (Chapter 4) may better
realize the fundamental role of biodiversity in sustainable ocean development (OECD,
2018).

Broadly, MSP initiatives often take two general approaches to sustainability, a soft form
— where the ecosystem is considered a use among other uses, and a hard form — where
a healthy ecosystem is a precondition for sustainability (Trouillet, 2020). This research
aimed to develop guidance for planning and management that ultimately attempts to lead
MSP toward hard sustainability. Chapter 2 provides operational guidance that informs the
strategic selection and use of ABMTs to achieve sustainable ocean targets, especially
targets for healthy ocean ecosystems (SDG 14.2), sustainable fisheries (SDG 14.4), and
ocean conservation (SDG 14.5). While Chapter 3 results indicate that including
conservation as a dedicated section or use in MSP is important, aligning with a soft
sustainability approach, a hard sustainability approach aligns with framing ecosystems as

fundamental, and thus may produce more conservation ready plans. Further, Chapter 3
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shows how conservation concepts, like resilience, can be appropriated in MSP, giving the
impression of hard sustainability, without making specific commitments to biodiversity or
enacting conservation measures that can enable ecological resilience. As many MSP
initiatives lean toward soft sustainability, the reality of integrating marine conservation and
economic development objectives in MSP appears more challenging than theory has
suggested (Trouillet, 2020).

MSP is intended to serve as a democratic and participatory process that brings together
diverse values and interests from ocean users (Flannery et al., 2018). To at least some
extent, MSP relies on ocean users to implement and comply with regulations stemming
from MSP (Pomeroy & Douvere, 2008). Case studies analyzed in Chapter 3 reflect this
reality through the social-ecological systems theme, indicating a need for local
engagement in MSP and, for some case studies, the inclusion of cultural and well-being
objectives. Further, Chapter 2 shows the potential of locally managed marine areas to
contribute to SDG 14 targets, despite a lack of literature-based evidence for outcomes of
this ABMT. This unexpected result highlights the importance of local, bottom-up
approaches to ocean management and MSP (Olsen et al., 2014). There is a clear
imperative to incorporate sociocultural values in MSP to improve uptake and acceptance
of plans among ocean users (Pennino, 2021); yet, results of Chapter 4 indicate an
ongoing challenge with realizing the participatory principle of MSP. The case studies
analyzed in Chapter 4 scored poorly on this principle, particularly the participation plan
and stakeholder empowerment features. Without these features, MSP lacks important
enabling conditions for effective participation. This research echoes calls for improved
participation and engagement in MSP (Frazdo Santos et al., 2021; Said & Trouillet, 2020),
and reflects the need for inclusive and equitable governance to achieve a sustainable
ocean (Claudet, 2021).

5.2 Amplifying the potential of marine spatial planning

MSP offers a holistic alternative to traditionally siloed and single-sector approaches to
ocean planning and management, holding the potential to support both ocean

conservation and sustainable use or development goals (Agardy et al., 2011). In theory,
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MSP aims to be ecosystem-based, balancing ecological, economic, and social interests;
integrated across sectors, agencies, and levels of government; place-based, intrinsically
tied to a geographic location and the implications of boundaries; adaptive, able to learn
and change based on experience; strategic, anticipating future challenges over the long-
term; and participatory, actively involving rightsholders and stakeholders (Ehler &
Douvere, 2009). For MSP to reach the potential promised by these principles, theory must
deeply permeate practice; yet, case study analyses reveal that marine spatial plans vary
considerably in their objectives and their use of the MSP process (Collie et al., 2013;
Jones et al., 2016). MSP theory is likely haphazardly applied in practice to support
particular, often political and development-oriented (Trouillet, 2020), objectives. The
irregular application of MSP principles, a result echoed in Chapter 4, likely diminishes the
ability for MSP to support goals for a healthy ocean. To fully realize its theoretical
potential, MSP must make investments that bring foundational principles to fruition and

bridge the gap between scientists and practitioners.

With the decision to undertake MSP comes important opportunities for governments to
invest in capacity building, leadership development, and mechanisms to overcome
governance challenges, reduce institutional overlaps and gaps, and address ocean
conflicts (Secretariat of the Convention on Biological Diversity & Technical Advisory
Panel-GEF, 2012). As MSP initiatives unfold, governments will be faced with determining
the best use of resources and where investments might be wisest to enable an efficient
and effective MSP process (UNESCO-IOC/European Commission, 2021). The MSP
Index is a principle-based tool that can gauge progress in MSP at various stages of
development, providing an indication of gaps where investments might be needed. The
MSP Index can also be used to guide investments at the onset of MSP through
prioritization of key features, based MSP on objectives. Conservation ready MSP might
prioritize ecosystem-based key features, ensuring that biodiversity and habitats underpin
economic uses and development. MSP in a complex regulatory system might prioritize
the integrated principle, ensuring that institutions are coordinated and using a common
framework to employ multi-use management tools that deliver outcomes supporting

sustainability. MSP in a busy area that captures interests of many rightsholders and
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stakeholders might prioritize the participatory principle, ensuring that participation occurs
throughout MSP and that participants have multiple avenues for engaging with MSP.

MSP is commonly described firstly as a “public process” that seeks to achieve objectives
“usually specified through a political process” (Ehler & Douvere, 2009), though it may be
more apt to describe it firstly as political. As a political process, MSP may intrinsically
disadvantage some communities, especially those often neglected in ocean planning
processes, such as Indigenous communities, small-scale fisheries, and coastal
communities (Gilek et al., 2021; Smith & Basurto, 2019; Yet et al., 2022). Despite this,
MSP processes often appear to be devoid of politics, diluting the complexity of the
process and the diversity of perspectives that ought to be captured through inclusive MSP
(Flannery et al., 2019). Each research chapter in this thesis highlights the importance of
local perspectives for MSP and ocean management, which requires effective
participation. Theoretically, rightsholders and stakeholders should be empowered to
participate fully in MSP (Ehler & Douvere, 2009); however, Chapter 4 indicates that
participation plans and stakeholder empowerment may be insufficient MSP practice.
Capacity building initiatives for MSP stakeholders remain rare, resulting in incongruent
expectations among stakeholders that can lead to disappointment that affects the
legitimacy of the process and its outcomes (Morf et al., 2019). Participatory approaches
are time consuming and expensive (Zaucha & Kreiner, 2021), thus it is critical that
investments made in participation are purposeful and appropriate. Participation might be
optimized when criteria of stakeholder empowerment are met, investing in mechanisms
to empower rightsholders and stakeholders to participate fully in MSP, ensuring
participants have the means, skills, and knowledge to engage with a shared sense of
purpose, values, rules, and trust among participants (Stephenson et al., 2019), and,

wherever possible, enabling participation in governance.

Early MSP research was self-promotional, an important step in supporting the widespread
uptake of MSP, though it was often naive, showing little awareness of the complex socio-
political, governance, and planning dimensions of its own practice (Flannery et al., 2020).

It is apparent through this research that the closer MSP comes to theoretical best
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practices, the more complex the process and the more challenging resulting plans are to
implement. Chapter 2 recommends the use of multi-sector management tools to support
delivery of ocean sustainability targets. Chapter 3 recommends conservation ready MSP,
where biodiversity underpins sustainable resource use and development. Chapter 4
recommends the MSP Index, whose application can inform best practices toward
realizing foundational principles in MSP. These recommendations collectively indicate a

need for highly integrated, participatory, and evidence-based planning.

MSP requires integration across multiple natural and human systems (Kidd et al., 2020),
including across spatial and temporal scales, geopolitical boundaries, sectors,
rightsholders and stakeholders, knowledge systems, and governance mechanisms (Gee
et al., 2019), though few have empirically explored the approaches taken by practitioners
to achieve such integration (Smythe & Mccann, 2019). A trade-off may exist between
comprehensively following best practices to develop highly ambitious plans that may be
difficult to implement, monitor, and evaluate, and selectively following best practices to
develop less ambitious plans that may be more feasibly implemented, but may not deliver
comprehensive sustainability objectives. This trade-off is exemplified by spatial
management plans developed in New South Wales. While plans were highly ambitious in
management objectives, they suffered from ambiguous language, unclear planning
hierarchies, and a lack of clear timelines that rendered plans effectively immeasurable
(Dominguez-Tejo & Metternicht, 2018). For evidence and evidence-based best practices
to inform MSP, both researchers and institutions must advance knowledge exchange
between scientists and decision-makers. This will require two-way investments to develop
individual, institutional, and financial capacities for accessing, interpreting, and integrating
scientific knowledge into decision-making processes (Cvitanovic et al., 2015, 2016).
Ideally, transdisciplinary approaches characterized by collaboration between scientists,
practitioners, and stakeholders, a slow and intentional process, and co-creation of
knowledge, co-learning, and co-production of solutions will inform future MSP

practice, between scientists and practitioners, must be bridged.
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5.3 Limitations and future research

This thesis highlights important evidence gaps, areas for future research, and
methodological challenges, particularly related to understanding MSP in practice and
outcomes from ocean management. Chapters 2, 3, and 4 each present opportunities to
build on the results of this research and expand our understanding of ABMTs and their
contributions to ocean sustainability; how conservation ready MSP might be
operationalized; and how theoretical principles of MSP have permeated practice. Across
chapters, it was clear that further research is needed to explore linkages between local
ocean management, MSP as it is currently conceptualized and practiced, and ocean
sustainability. Using mixed methods, including systematic literature review, expert opinion
survey, confidence assessment, document analysis, and case study analysis, this
research synthesized existing information into guidance that can support MSP in
achieving its full potential. With such methods come limitations that should be considered
alongside these research findings. In general, approaches that combine multiple methods
with multiple sources of information are useful for understanding MSP and developing

management-level guidance.

While recent work has identified social and economic outcomes from marine protected
areas (Ban et al., 2019; Rees et al.,, 2021) and fishery closures (Islam et al., 2021),
Chapter 2 demonstrates a clear lack of evidence of social and economic outcomes from
ABMTs in general, though social outcomes may be difficult to assess and may not be
clearly linked to measurable indicators, possibly contributing to this observed lack of
evidence. Further, this survey asked experts to assume that “ABMTs were appropriately
designed, actively managed, and well-enforced”, which may not be a fair assumption
given the diversity within and among ABMTSs in practice. Future work is needed to
understand how common ABMTs are affecting socio-cultural and economic systems at
various scales, and how differences in design, management, and enforcement might
affect outcomes. In contrast to ecological outcomes, social and economic outcomes from
management tools are not observed on the ocean, nor are they necessarily spatial.
Chapter 2 recommends a combination of spatial and non-spatial management tools for

achieving SDG 14 targets, particularly targets addressing issues from land-based or
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systemic sources (e.g., SDG 14.1 — Marine pollution, SDG 14.3 — Ocean acidification);
however, the reality of combining spatial and non-spatial management may pose
considerable challenges to existing regulatory frameworks. Future research might
investigate these challenges and develop strategies for combined approaches to ocean
management that delivers ecological, social, and economic outcomes to achieve full-

spectrum sustainability (Foley et al., 2020).

While Chapter 2 assessed outcomes from common ABMTS, it was apparent through this
research that assessing outcomes from MSP initiatives was not feasible. Between
Chapter 3 and 4 case study selection, 55 MSP initiatives were screened for inclusion and,
anecdotally, few, if any, of these initiatives clearly reported outcomes. We propose
conservation ready MSP as an approach to embedding biodiversity conservation more
meaningfully, but we did not assess conservation outcomes from the analyzed case
studies. For these cases, such information was not available, and we were thus unable
to assess whether plans favouring the ecosystems as fundamental theme were delivering
conservation benefits. As marine spatial plans are increasingly implemented and
evaluated, future research might attempt to link conservation readiness to outcomes.
Similarly, future research may explore the relationship between MSP Index scores and
ecological, social, and economic outcomes linked to MSP objectives. Recent research
identified a need for monitoring strategies that are fit-for-purpose to MSP objectives,
enabling evaluation and reporting of outcomes (Stelzenmiller et al., 2021). Importantly,
this research highlights a missing element of accountability in MSP as plans seldom

appear to plan for and implement evaluation strategies.

MSP research may not be grounded in the complex realities of ocean governance,
planning, and management (Flannery et al., 2020). The MSP Index may help to bridge
the gap between theory and practice, as it links MSP principles to key features and the
operational requirements needed to achieve them. The Index provides a mechanism for
gauging the use MSP principles in practice. Future research might expand our case study
analysis globally, identifying trends in MSP practice and the broad permeation of MSP

principles. Such a global analysis could reveal important gaps in MSP practice, inform
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guidance toward best practices, and support MSP in achieving its full potential. Based on
Chapter 4 results, | predict there to be global shortcomings in the adaptive principle and
suggest that some MSP principles may conflict with one another. MSP, as a place-based
process, leads to spatial management plans that inform the use of spatial management
tools. These tools tend to be static and may fail to reflect the dynamism of the socio-
ecological, economic, and cultural systems they are trying to manage. MSP that attempts
to manage under this high degree of dynamism, exacerbated by rapidly changing systems
due to climate change and biodiversity loss, may give up key features of some principles
to be more adaptive. Future work may explore the compatibility of MSP principles and
comment on how principles can be optimized to achieve specific MSP objectives.

Academic MSP research has grown exponentially since the late 2000s, occurring in
tandem with a growing practice of MSP by ocean nations (Ehler et al., 2019). As these
two sources of information continue to evolve simultaneously, knowledge exchange
between MSP scientists and practitioners will be imperative to ensure that an idealized
version of MSP does not diverge from MSP in reality (Zuercher et al., 2022). While this
research explored a diversity of ABMTs and marine spatial plans, with various scales,
objectives, and approaches to planning, Chapters 3 and 4 would benefit from significantly
expanded case study analyses that capture more, and more diverse, MSP initiatives. The
number of case studies analyzed for these chapters limited the ability of this research to
make broader claims about MSP practice. Additional case studies might add new detail,
nuance, and practical recommendations for conservation ready MSP. For the MSP Index,
additional case studies would allow for more comprehensive testing of its relevance, in
addition to an assessment of trends in MSP. Further, Chapters 2 and 4 used alternatives
to systematic literature review to compile evidence and MSP key features. These
methods may not comprehensively capture all relevant information as would a truly
systematic approach, which may have implications for the results presented here. In
Chapter 2, a full systematic review may have provided further clarity on knowledge gaps
or may have refined the potential contributions of ABMTs to SDG 14. In Chapter 4, a
systematic review may have yielded additional key features or subtle differences in the

key features identified.
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This research relied heavily on secondary analyses of existing evidence and case studies
conducted by external researchers, rather than experts involved with the analyzed
ABMTs or MSP initiatives. This is an important limitation of this research that aimed to
bridge idealized MSP with MSP in practice. By use of document analysis in Chapters 3
and 4, these case studies were limited to publicly available MSP documents that likely do
not reflect the entirety of a region’s experience with, and body of work for, MSP. The
results of this research would have benefited from the qualitative richness of interviews
conducted with MSP practitioners in each case study, and future research should
consider approach. Further, this research did not directly seek to understand the realities
of MSP in practice and how, from the practitioners’ perspective, this may or may not align
with MSP in theory. Future research should consider this as an important knowledge gap
to remedy, ensuring that MSP research continues to be able to inform practice. While it
is clear from this thesis that one size does not fit all for MSP, the results of this research
might still lead toward a theory-informed approach that is potentially incompatible with the
realities of complex planning which may not fit the mould of recommendations made here.
Research on regulatory policy, institutional frameworks, governance operations, and the
day-to-day duties of MSP practitioners may better ground research in these realities,
ensuring that research findings are appropriately contextualized to inform practice.

5.4 Conclusion

Marine spatial planning holds the potential to support progress toward global goals for a
healthy, productive, and sustainable ocean. This thesis explores critical challenges that
continue to hinder the ability of MSP to achieve its potential, including balancing
biodiversity conservation with socioeconomic development to achieve environmental
sustainability and implementing the foundational principles of MSP. This research
contributes operational guidance for strategically selecting management tools to achieve
ocean sustainability targets; a pathway toward embedding biodiversity conservation in
MSP; and culminates with the MSP Index, a principle-based tool for gauging progress in
MSP that can guide decision-makers toward best practices. Future research may expand
on the analyses presented here by linking conservation ready MSP and MSP Index

scores to ecological, social, and economic outcomes from MSP initiatives. Further, the
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MSP Index, if applied widely, may be used to identify global successes and gaps in MSP
practice that can set an agenda for research that is purposefully linked to the needs to
practitioners. It is apparent that the closer MSP moves toward theoretical best practices,
the more complicated MSP practice becomes, likely requiring significant and ongoing
investments of time, resources, and political will. The academic discourse may
underestimate these challenges, potentially widening the gap between science and
practice. For MSP to meet its full potential, science must engage deeply with practitioners

to understand their realities and co-produce sustainable solutions for a sustainable ocean.
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Appendices

Appendix A. Chapter 2

Al. Supplementary tables

Table A1. Definitions of ecological, social, and economic outcomes of area-based

management tools.

Outcome

Definition

References

Increased organism
size

The mass of individual organisms increases. For
example, individual fish are larger inside the
management area than outside.

Increased species
abundance

The number of individuals per species increases.
For example, there are more individual fish within
the management area.

Increased species
diversity

The number of species and relative abundance of
each species increases. For example, there are
more types of species that are equally abundant
within the management area.

Maintained or
restored habitat

The number of habitat types and/or heterogeneity of
a habitat type is maintained at an existing level or
naturally restored to a previous state.

Foley et al. (2010)

Maintained or
restored ecosystem
functions

The “interactions between ecosystem structure and
processes underpinning the capacity of an
ecosystem to provide goods and services” are
maintained at an existing level or naturally restored
to a previous state.

TEEB (2019)

ocean acidification

species and ecosystems are reduced. For example,
calcifying organisms are less affected by
acidification within the management area.

Maintained or The “capacity of [an ecosystem] to resist and IOC (2019)
restored ecosystem recover from disturbance, and undergo change
resilience while still retaining essentially the same function,
structure and integrity” is maintained at an existing
level or naturally restored to a previous state.
Reduced pollution The amount of pollution of any kind is reduced. For
(physical, chemical, example, floating plastic debris and the volume of
noise) noise from human activities are reduced.
Reduced threats to Direct threats, “the proximate human activities or IUCN (2019)
species processes that have impacted, are impacting, or
may impact the status of [species]” are reduced.
Reduced impacts of | The impacts of declining pH (increased acidity) to The Nature

Conservancy (2018)

Increased earnings
from harvest
activities

Financial gains from harvest activities within or in
proximity to the management area increases due to
increased catch efficiency. For example, fishers are
earning more per catch because fish are larger and
more abundant.

Jupiter et al. (2014)

Increased earnings
from non-harvest
activities

Income from non-harvest activities within or in
proximity to the management area increase, for
example from participation in management, access
fees, or ecotourism activities.

Jupiter et al. (2014)

Provided alternative
livelihood activities

Opportunities for alternative income earning
activities external to the management area are

Jupiter et al. (2014)
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generated, for example in sewing cooperatives,
handicraft production, or community health and
education services.

Maintained access to
resources

The “ability to use and benefit from a resource or an
area” is maintained at a similar level or minimally
reduced level compared to access prior to the
implementation of the ABMT.

Bennett et al. (2018)

Provided equitable
access to resources

The “ability to use and benefit from a resource or an
area” is allocated fairly across resource users.

Bennett et al. (2018);
TEEB (2019)

Reduced harvest
effort

The amount of time and fishing power used to
harvest natural resources is reduced, for example
by altering gear size, boat size, horsepower, etc.

IOC (2019)

Maintained traditional
practices

Traditional practices, including traditional
management systems and customary practices
aligned with spiritual beliefs, are maintained or re-
established within the management area.

Jupiter et al. (2014);
LMMA Network (2019)

Community
engagement with
management

Communities are meaningfully involved in ABMT
planning and management, demonstrating
community organization, cohesiveness, and

Jupiter et al. (2014)

empowerment.

Table A2. Definitions of area-based management tools included in survey questionnaire.

Tool Alternative names Definition Reference
. A non-temporary ABMT that prohibits all
Fully Marine reserve, no- : 2
extractive activities and may or may not regulate | Horta e Costa
protected take area, no-go X L .
access to the area to achieve biodiversity et al. (2016)
area area, etc. . A
conservation objectives.
Partially Marine park, multi- An ABMT that regulates “some extractive uses .
. - ) Con . Sciberras et al.
protected use MPA, buffer but permits others” to achieve biodiversity (2015)
area zones, etc. conservation objectives.
Area and time An ABMT that regulates access to “[...] an
restrictions, entire fishing ground, or a part of it, for the
Fisher periodically protection of a section of the population (e.qg.
y harvested closures, | spawners, juveniles), the whole population or I0C (2019)
closure X . . :
fishery restricted several populations [to achieve resource
areas, dynamic management objectives]. The closure is usually
closure areas, etc. seasonal, but it could be permanent.”
No-trawl areas/
Gear zones, bottom- An ABMT "prohibits or otherwise restricts the
restriction contact gear _ use ?f part|c_ular fishing equipment in a specified I0C (2019)
area cIosu_rgs, species- area” to achieve resource management
specific gear objectives.
restriction areas, etc.
Area-based catch An ABMT that “assigns rights to individuals
. share programs, N : :
Territorial customary marine and/or groups to fish in certain locations,
user right tenure. s yatial generally, although not necessarily, based on FAO (2002)
fishery  SP long-standing tradition (‘customary usage’)” to
property rights ; L
' : achieve resource management objectives.
fisheries, etc.
Locally N/A An ABMT in “an area o_f nearshore waters and Govan (2009)
managed coastal resources that is largely or wholly
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marine
area

managed at a local level by the coastal
communities, land-owning groups, partner
organizations, and/or collaborative government
representatives who reside or are based in the
immediate area.”

Particularly
sensitive N/A
sea area

An ABMT designated by the International
Maritime Organization (IMO) in “an area that
needs special protection through action by IMO
because of its significance for recognized
ecological, socio-economic, or scientific
attributes where such attributes may be
vulnerable to damage by international shipping
activities.”

IMO (2006)

Table A3. Search terms used in the first phase of review in Web of Science (last search date:
October 2019). Each ABMT was coupled with terms for general outcomes and reviews.

Topic

Search terms

Fishery closure

(“fish* closure®” OR “fish* restrict*” OR “fish* ban” OR “fish*
restr* area™” OR “fish* restr* zone™” OR “periodically harvested
closure”)

Gear restriction area

(“gear restrict™)

Locally managed marine area

(“locally managed marine area®” OR “LMMA”)

Fully protected area

(“marine reserve” OR “no-take” OR “no take” OR “fully protected
area™ OR “integral reserve”)

Partially protected area

(“marine protected area” OR “marine park” OR “part* protected
area”)

Particularly sensitive sea area

("particularly sensitive sea area" OR ("PSSA" AND ("marine" OR
"ocean" OR "sea"))

Territorial user right fishery

(“territorial use* right*”) OR (“TURF” AND “fish*” AND “right”)

General outcomes

(“effect® OR “outcome®” OR “impact® OR “assessment* OR
“evaluation®™ OR “benefit*”)

Reviews

(“systematic review” OR “comprehensive review” OR “literature
review” OR “meta-analys®” OR “review” OR “synthesis”)
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Table A4. Search terms used in the second phase of review in Web of Science (last search
date: October 2019). Each outcome was coupled with search terms for ABMTs and general
outcomes listed in Table Al.

Outcome

Search terms

Increased organism
size

(“organism* size” OR “size of organism” OR “fish* size” OR “size of fish” OR
“fish weight” OR “fish mass” OR “biomass”)

Increased abundance

(“species abundance” OR “organism* abundance” OR “fish* abundance”
OR “abundance”)

Increased species
richness

(“species richness” OR (“richness” AND “species”) OR “species diversity”
OR “fish* diversity” OR (“diversity” AND “species”) OR “biodiversity”)

Maintained or restored
habitat

((“habitat” AND “quality”) OR “habitat quality” (“habitat” AND “restor*”) OR
“habitat restoration”)

Maintained or restored
ecosystem function

(“ecosystem* function*” OR “ecosystem* process™” OR (“ecosystem*” AND
“function*”) OR “ecosystem* health”)

Maintained or restored
ecosystem resilience

(“ecosystem* resilienc*” OR (“ecosystem™” AND “resilienc*”) OR “ecosystem
recover” OR (“ecosystem™ AND “recovery”))

Reduced pollution
(physical, chemical,

(“pollut® OR “marine debris” OR “debris” OR “plastic” OR “ghost fish*” OR
“noise” OR “eutrophication” OR “nutrient loading” OR “nutrient pollut*”)

noise)
Reduced threats to ((“threat® OR “impact*” OR “effect*” OR “risk”) AND (“species” OR
species “biodiversity”) AND “conservation”)

Reduced impacts of
ocean acidification

((“acidification” OR “acid*” OR “calcif*”) AND (“‘ocean” OR “marine” OR
“sea”))

Increased earnings
from harvest activities

((“income™” OR “earn*” OR “econom*” OR “job*” OR “employ*” OR “work*”)
AND (“harvest” OR “fish*” OR “extract*”))

Increased earnings
from non-harvest
activities

((“income®” OR “earn*” OR “econom™” OR “job*” OR “employ*” OR “work*”)
AND (“non-harvest” OR “non harvest” OR “tourism” OR “ecotourism” OR
“management” OR “non-fish*” OR “non fish*”))

Provided alternative
livelihood opportunities

(“alternative livelihood*” OR ((“alternative” OR “other” OR “new”) AND
(“job* OR “livelihood*” OR “opportunit*” OR “income*” OR “work*” OR
“employ™)))

Maintained access to
resources

(“fish* access” OR “access to resource® OR ((“access*”) AND (“fish*” OR
“resource*” OR “harvest*”)))

Provided equitable
access to resources

(“fish* access” OR “access to resource™ OR ((“access*”) AND (“fish*” OR
‘resource™ OR "harvest™))) AND (“equit*” OR “fair*”)

Reduced harvest effort

(“fish* effort” OR “harvest effort” OR ((“fish*” OR “harvest” OR “extract*”)
AND “effort”))

Maintained traditional
practices

((“custom* practice* OR “custom* fish*” OR “custom* activit”” OR
“traditional practice*” OR “traditional fish*” OR “traditional activit*’) OR
((“custom™®” OR *“tradition*”) AND (“practice™” OR “activit*” OR “fish*”)))

Community
engagement with
management

((“public engagement” OR “communit* engagement” OR “communit*
participat® OR “public participat*” OR “communit* involv*” OR “public
involv*” OR ((“communit*” OR “public” OR “stakeholder*” OR “user’ OR
“fisher”) AND (“engag™ OR “consult*” OR “participat*”)) AND (“manage™”
OR “plan*” OR “policy™)))
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Table 5A. Studies selected for pilot searches in Web of Science, testing efficacy of search
terms in returning relevant literature.

Reference

Relevance

Ban et al. (2019)

Systematic literature review on positive and negative well-being outcomes
of marine protected areas.

Claudet et al. (2008)

Meta-analysis on the effects of marine reserves, including ecological
outcomes for fish density and species richness.

Giakoumi et al. (2017)

Meta-analysis on the effects of fully and partially protected areas,
including ecological outcomes for biomass and density of fish
assemblages, commercially important fishes, and sea urchins.

Goetz et al. (2018)

Meta-analysis on fisheries benefits of periodically harvested fisheries
closures.

Halpern et al. (2009)

Meta-analysis on spillover effects of marine reserves, including ecological
outcomes for abundance and biomass of fished species.

Lester et al. (2009)

Meta-analysis on the effects of no-take marine reserves at a global scale,
including ecological outcomes for biomass, density, organism size, and
species richness.

Lester et al. (2016)

Standard literature review of empirical evidence of territorial user right
fishery performance.

Molloy et al. (2009)

Meta-analysis on the effects of marine reserves on fish populations,
including ecological outcomes for fish density.

Sciberras et al. (2015)

Meta-analysis on the benefits of partially protected areas compared to
fully protected areas, including ecological outcomes for fish density and
biomass.

Zupan et al. (2018)

Meta-analysis on the effectiveness of partially protected areas, including
ecological outcomes for biomass and abundance of commercial fish
species.

Table A6. Qualitative ranking system used to determine quantity and quality of evidence and
level of agreement among evidence, applied in confidence assessment.

High Medium Low

Evidence =2 1 meta- Any circumstance where 1 standard literature review
analysis/systematic review evidence only partially OR < 5 independent
OR > 1 standard literature meets the criteria of high studies AND >25% of
review OR = 5 independent | or low evidence experts report uncertainty
studies AND > 75% of OR any outcome for which
experts report one expected no literature was identified
effect

Agreement | Majority of studies agree on | Any circumstance where Majority of studies disagree
outcome AND majority of agreement only partially on outcome AND majority
experts agree AND studies | meets the criteria of high of experts disagree AND
and experts agree or low agreement studies and experts

disagree
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A2. Supplementary figures

Records identified through search
strategy: n= 273

Duplicate records
removed n= 40

Records screened at title and abstract
level: n= 233

Records excluded, not
meeting all criteria n= 195

/

Records screened at full article level:
n= 38

~

Records excluded, not
meeting all criteria n=7

NN

/

Records meeting all inclusion criteria and
included in review: n= 31

Figure Al. Phase one rapid review strategy from initial search to included literature.
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Records identified through search
strategy: n=919

removed: n= 294

Duplicate records }

Records screened at title and abstract
level: n= 625

meeting all criteria: n= 404

Records excluded, not }

Records screened at full article level:
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Records excluded, not
meeting all criteria: n= 100

1

146

and included in review: n= 121

AN\
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records screened at title and abstract
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Records excluded, not
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y

Total records meeting all inclusion
criteria and included in review: n
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Additional records screened at full
article level: n= 76
Records excluded, not
meeting all criteria: n=51
Additional records meeting all inclusion
criteria and included in review: n= 25

[ Records meeting all inclusion criteria

Figure A2. Phase two rapid review strategy from initial search to included literature.
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Figure A3. Decision tree used to determine confidence categories assigned to ABMT

outcomes, combining literature-based and expert opinion evidence to assess the

guantity/quality of evidence and the level of agreement among evidence.
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Figure A4. Visualization of contributions of ABMTs to SDG 14 targets based on ABMT
outcomes. Thickness of lines indicate contribution scores (outcomes to SDG 14 targets) and
confidence scores (ABMTs to outcomes). Confidence scores are based on quantity and quality
of literature-based and expert opinion evidence and agreement among evidence (see Table
B6).

Appendix B. Chapter 3

B1l. Supplementary methods

Case studies were selected following a screening protocol using the database of marine

spatial plans provided by the Intergovernmental Oceanographic Commission (IOC)

Marine Spatial Planning Programme (http://msp.ioc-unesco.org) in March 2020. This
screening protocol focused on MSP initiatives in Europe, the United Kingdom (UK), and
the United States of America (USA) given their longer history and relevant experience in
the use of formal MSP (Ehler, 2017; Ehler et al., 2019; Stelzenmdiller et al., 2021). In
many cases, plans in these regions have been formally approved, implemented, and, in
some areas, adapted. Given this, screening focused on case studies from these regions

to capture plans that are informed by current best practices. A total of 40 European, UK,
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and USA case studies listed in this database were screened for potential inclusion based
on the availability of a final approved marine spatial plan (pre-implementation,
implemented, or adapted) and language (plan available in English or English translation

anticipated imminently at time of screening) (Figure B1).

Case studies were reviewed using a hybrid approach of inductive and deductive coding
in QSR International’s NVivo-12 software (Fereday & Muir-Cochrane, 2006; Skjott
Linneberg & Korsgaard, 2019). An initial codebook containing three high-level codes and
10 sub-codes was designed based on common conservation-related principles and
priorities and other concepts related to sustainability (Table B2). High-level codes were
“general conservation”, “marine protected areas”, and “sustainability”. Under “general
conservation”, sub-codes were a mix of conservation principles and priorities, specifically
‘connectivity & coherence”, “ecosystem function”, “ecosystem services”, “endangered
species”, “habitat protection”, “long-term”, “reduce/manage impact’, “resilience”, and
“restoration”. “MPA network” was included as an initial sub-code under “marine protected
area”. Throughout document analysis, additional sub-codes were added a posteriori to

this codebook as salient topics arose from the text (Attride-Stirling, 2001).

B2. Case study overview

The Belgian marine spatial plan was established through Royal Decree for the period of
2020-2026, extending throughout Belgian waters in the North Sea, a relatively small area
compared to the other case studies analyzed here (Table S1). This plan includes sections
dedicated to nature conservation, science and research, with a notable focus on quality
conservation efforts over quantity. A core principle of this plan is “naturalness”, which is
considered a “basic precondition for the development of the Belgian North Sea”. The plan
also makes a connection between ecosystems and well-being. As a regulatory plan, this
case establishes a clear definition for mitigation and sets boundaries for zones of

commercial and industrial activities, as well as marine protected area (MPA) boundaries.

The Norwegian case study provides an update to a marine spatial plan first released for

the Norwegian Sea in 2008-2009 and is one of three plans for the country’s exclusive
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economic zone. Other plans exist for the Barents Sea and North Sea. This plan
emphasizes “valuable and vulnerable” areas and sets goals for protection and sustainable
use of the Norwegian Sea and for MPAs, though MPAs are planned and legislated under
a separate process. These goals make reference to biodiversity and species
management, especially within valuable and vulnerable areas. The plan identifies 12 of
these areas that include, for example, habitat areas for commercially important species
and areas containing cold-water corals. No new particularly valuable and vulnerable
areas have been added to the plan since 2009. This plan culminates with government
commitments to actions that will support the listed goals, for example by assessing new
particularly valuable and vulnerable areas and “taking necessary steps to [...] improve
the conservation status of endangered and vulnerable species”. These commitments lack
details on who, when, or how they are to be achieved. In this case, conservation often
appears to be framed relative to sustainable resource use, as an enabling factor for

continued use and development.

Scotland’s National Marine Plan uses overarching general policies to incorporate
environmental protection and nature conservation in the plan, relying on other national or
regional policies to provide strategies specific to conservation. The plan sets out to ensure
a “clean, healthy, safe, productive, and biologically diverse” marine environment that is
managed to meet the long-term needs of both nature and people, a shared vision for
spatial plans in the UK. The intention of this plan is to provide guidance that regional
planners can then apply to smaller-scale marine spatial plans that will meet local needs.
Compared to Norway and Belgium’s marine spatial plans, the connection between
conservation and “living within environmental limits” is less apparent. For each sector-
specific section of the plan, there is general recognition of the potential impacts of sectoral
activities to biodiversity and ecosystems, especially as those that may limit sustainable
growth, though it is less clear that environmental standards must be met through specific

management and regulations.

The Welsh National Marine Plan uses overarching policies to guide environmental

protection and “living within environmental limits” and shares the UK vision for the marine
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environment. This plan sets four broad objectives that highlight sustainability, resilience,
blue growth, and carbon emission targets. A clear priority in this plan is reducing
intersectoral conflict, as established by the safeguarding policies applied to all new
proposals with potential impacts to existing activities. While the overarching policies are
intended to apply to the entire marine plan, only some sectors make specific reference to
the environmental general policy (e.g., the Fisheries sectoral policy), which reflects the
priorities and objectives of this plan in supporting existing activities and development. This
plan, as well as Scotland’s National Marine Plan, makes reference to “maximizing
sustainable development®, establishing that development occurs within some
environmental limit without defining those thresholds or management actions to avoid
crossing them. Where this case study differs from others is in its clear recognition of the
contributions of the marine environment to well-being, also linking sustainable

development to well-being.

The Washington State case was established as non-regulatory, lacking the authority to
approve and prohibit developments or activities. The catalyst for this plan was clearly
renewable energy development, as it was required to identify potential locations for such
developments. It is the only marine spatial plan analyzed at the state-level; however, the
planning area is comparable to that of the Welsh National Marine Plan. While this plan
goes further than others to establish frameworks for reviewing risks and impacts from
proposed developments, it too lacks clear management guidance on minimizing impacts
to resources and ecosystems; yet, it is the only plan that provides a clear definition of
adverse effects concerning ecologically important, sensitive, and unigque areas. Most
often this plan prioritizes reducing impacts to existing uses and users, similar to the Welsh
case study, without clearly establishing a link between sustainable uses and the
ecosystem. As a state-level plan, it is limited in its capacity to implement conservation
measures, many of which are federally planned and regulated. A notable feature of this
plan is the recognized role of Tribal governments in governance and the need to minimize

impacts to Tribes.
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B3. Extended themes description

Prioritizing economy was a prominent theme across case studies, as the documents
analyzed established a clear need for plans to allow continued use and development of
existing activities, as well as the development of new industries (Figure B2). This is
unsurprising, given that each of these plans aims, in some capacity, to unite planning
across ocean uses and users. This organizing theme reflects the frequent references to
sustainability codes across case studies (Figure 3.1). This theme comprises two basic
themes, including a priority for maintaining activities and minimizing the impacts of
activities on each other, emerging from the Belgian, Welsh, and Washington case studies,
and a common thread of permitting activities within protected areas to limit the impact of
conservation on industry (Table B3). The latter stems from Scotland’s National Marine
Plan and the Belgian case study, both of which allow for development and industrial
activities within existing protected areas where there is economic value or “social or
economic benefits of national importance”, in the case of Scotland. This theme is less
apparent in the Norwegian case (Figure B2) and reflects a pattern of requiring more
information and longer-term assessments to warrant conservation action, thereby
ensuring continuance of industrial activities and limiting conservation’s impact on these
activities. This theme also reflects the frequent references to “reduce/manage impact”
across case studies, and its particularly frequent use in the Belgium, Scotland, and

Washington cases (Figure 3.1).

Ecosystems as fundamental demonstrates the value of ecosystems beyond the services
they provide and captures the importance of healthy ocean ecosystems, especially for
underpinning industries that are operating sustainably. This organizing theme emerged
from all case studies except the Welsh National Marine Plan and comprises two basic
themes: that ecosystems are interconnected, and their function should be maintained by
reducing impacts, and that effective conservation measures prioritize conservation action
and ecological value (Table B3). The Norwegian, Scottish, and Washington case studies
all recognize the connectivity between species, habitats, and ecosystem function, and

point to a need for reducing threats to these ecological units, especially those of ecological
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importance. This basic theme reflects the frequent references to “reduce/manage impact”
within the spatial plans. The Belgian Norwegian, and Scottish cases also present
commitments to biodiversity management, reducing risk of impacts to MPAs, and
ensuring that MPAs are of high quality and able to meet conservation objectives (Table
3.3). In particular, Belgium’s spatial plan focuses on “working with nature”, where
developments “take the natural processes as a starting point and/or envisage
opportunities for nature development at the start of the design plans”. This is further
reflected by the higher proportion of references to MPA-related codes in this case study
(Figure 3.1). Overall, this organizing theme reflects the generally more frequent
references to conservation principles and priorities, compared to codes for sustainability
and reducing impacts, in all case studies except the Welsh case, which has a stronger

focus on sustainability and resilience (Figure 3.2).

Ecosystems as functional takes a more anthropocentric view than ecosystems as
fundamental by focusing on services provided by ecosystems that benefit society. This
organizing theme was found in analytical memos for all but the Belgian case (Figure B2)
and comprises three basic themes (Table B3). First, that ecosystem services hold
economic value, stemming from a recognition in the Norwegian and Scottish cases that
healthy ecosystems are necessary for continued delivery of ecosystem services to create
benefits. Second, that reducing threats and impacts to ecosystems is necessary to ensure
the long-term delivery of ecosystem services, a basic theme emerging from all but the
Belgian case (Table B3). This basic theme also reflects the frequent references to
‘reduce/manage impact”. The third basic theme here emerged less prominently from
Scottish, Welsh, and Washington case studies, and signalled the benefits of co-locating
conservation measures with other activities through the delivery of ecosystem services.
In particular, these cases identified potential benefits of co-locating MPAs with tourism
and recreation activities or, in the Washington case, more generally identifying potentially
compatible uses with MPAs. While “ecosystem services” was not coded with particularly
high frequency (Figure 3.1), the concept of ecosystem services clearly guided the

analyzed plans, going so far in the Norwegian case to state that “there is a clear
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relationship between biodiversity conservation and ecosystem functioning and the

provision of ecosystem services”.

Ecosystems as limits differs from ecosystems as fundamental and functional through its
framing. For this theme, ecosystems can be exploited to some sustainable maximum
capacity that falls within the limits of the environment. This theme emerged from all case
studies, though to a lesser extent than previous themes, with the exception of Belgium’s
spatial plan and comprises two basic themes: that sustainable development and use
occur within ecological limits and that plans can acknowledge that limits exist without
defining limits or providing management guidance to stay within limits (Table B3, Figure
B2). The latter basic theme is reflected in the Scotland, Wales, and Washington case
studies, where responsibility for managing within limits is either omitted or deferred to
other policies, plans, or agencies. As nations in the UK, both Scotland’s and the Welsh
National Marine Plans set “living within environmental limits” as an overarching policy that
should be followed by users of the plan. The higher-than-average references to
“resilience” in the Welsh National Marine Plan is reflected in this basic theme, as resilient
ecosystems can presumably withstand maximal sustainable development and continued

use (Figure 3.2).

Lastly, social-ecological systems emerged as an organizing theme, though was the least
evident from analytical memos across case studies (Figure B2). This included two basic
themes of recognizing the contributions of ecosystems to well-being and creating
opportunities for local engagement with MSP (Table B3). In the Scottish case study, the
national plan is intended to provide guidance to regional planners who can take a more
localized approach to MSP. In the Washington case study, this is reflected by recognizing
the roles of Tribal governments in MSP. Of the marine spatial plans analyzed, only this
case study explicitly considered Indigenous Peoples and their role in governance. While
other plans may not require inclusion of Indigenous Peoples, they did not similarly
reference the role of affected communities in governance. The Welsh National Marine
Plan was also unique in having some cultural objectives through preserving language,

contributing to the well-being of coastal communities, and ensuring access to the marine
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environment, and an overarching policy to ensure a “strong, healthy, and just society”.
These objectives go deeper than other case studies where economic and social benefits
are encouraged, but less oriented toward well-being. In Belgium’s plan, the connection
between the social and ecological systems is clear from the onset, as the plan states that
“striving for the desired level of naturalness will result in healthy ecosystem services, at
the service of social well-being.”
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B4. Supplementary tables

Table B1. Overview of five case studies selected for document analysis, encompassing a diversity of scales, planning areas, types,
phases, relations to MPAs, and included sectors. Potential future sectors are denoted with an asterisk (*). Where the IOC online database
did not identify the relationship to MPAs, a preliminary scan of the MSP document was used to identify the appropriate category.
Regulatory plans define legally enforceable mechanisms or measures for managing ocean uses. Advisory plans provide higher-level
guidance for managing ocean uses that may be legally required in secondary regulatory planning.

Planning .
Location Scale arealsize Year | Type Phase Rellgtlog tbo MPAS Sectors included
(km?) as listed by 10C

=

Nature conservation

N

Energy, cables, pipelines

€9

Shipping, port development, dredging
deposits

Fishing and aguaculture

Sand and gravel extraction

North

Belgium National 2020 | Regulatory | Adaptation Existing MPAs only Coastal defences

Nj@jo s

Seaf3,454 Scientific research, radars, &

measuring posts

Military use

Tourism & recreation

. Cultural heritage & seascapes

= (O

. Commercial and industrial activities

Fisheries & aquaculture

Shipping & shipbuilding

Petroleum

Tourism

Mesopelagic fisheries*

Sub- Norwegian

MPAs under a Low trophic level fishing*

Norway Sea/ 2017 | Advisory Adaptation

national 1,120,000 separate process

New aguaculture & kelp cultivation*

QIN|O|T1 AW INE= e ©]00

Residual raw materials (fishery by-
products)*

9. Wind power & offshore renewables*

10. Seabed mining*

11. Bioprospecting*
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Scotland

National

Scotland EEZ,
Northeast
Atlantic/
69,002

2015

Advisory

Implementation

Existing and future
MPAs

Sea fisheries

Aquaculture

Wild salmon & diadromous fish

Oil and gas

Carbon capture & storage

0~ WIN =

Offshore wind & marine renewable
energy

Recreation and tourism

Shipping, ports, harbours, & ferries

Submarine cables

. Defence

(O

. Aggregates

Wales

National

Bristol
Channel, St.
George’s
Channel, Irish
Sea/32,000

2019

Advisory

Pre-
implementation

Existing and future
MPAs

Aggregates

Aquaculture*

Defence

Dredging & disposal

Energy- low carbon

Energy- oil and gas

Fisheries

Ports and shipping*

Subsea cabling

B|O|®|N o 0H WM R 00N

. Surface water & wastewater treatment

& disposal

. Tourism & recreation*

. Renewable energy*

. Science and innovation*

Washington

Sub-
national

Washington
Pacific
Coast/20,411

2018

Advisory

Implementation

MPAs under a
separate process

Fisheries

Aquaculture

Recreation & tourism

Marine transportation, navigation, &
infrastructure

Military uses

Research & monitoring

Renewable energy*

Offshore aquaculture*

Dredging & dredged material disposal*

. Marine product extraction

(O

. Mining, including sand, gravel, and gas

hydrate mining*
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Table B2. Codes and their definitions used in document and themes analysis. Asterisks (*)
identify codes included in the initial deductive codebook. Codes without an asterisk were
added inductively as they emerged during analysis.

Code

Definition

Principles

Connectivity &
coherence*

Protecting marine species or biodiversity in general via ecologically
connected and coherent marine protected area networks.

Ecosystem function*

Recognizing the ecological processes, ecosystem structures, and
species that comprise healthy, productive ecosystems that are
resilient and continue to function.

Long-term*

Referring to the temporal scope of planning and management,
being long or longer term, to meet conservation and/or sustainability
objectives, such as the long-term delivery of ecosystem services,
avoiding long-term adverse effects, being resilient to change in the
long-term.

Resilience*

Referring to the capacity of species, habitats, and ecosystems to
withstand human (e.g., development, fisheries activity) and natural
(e.g., climate change) disturbances, continuing to function as
healthy ecosystems delivering a range of ecosystem services at
present and into the future.

Restoration*

Referring to actions or a need to return specific species,
biodiversity, habitats, or ecosystems to a former condition in which
ecosystems are healthy, resilient, and able to deliver ecosystem
services, either before or after a human activity or use.

Conservation-related codes

Priorities

Conservation
tool/measure*

Referring to any management tool or measure that is not explicitly a
Marine Protected Area and that delivers direct or ancillary
conservation benefits, in general or specific to habitats or species,
in the short- or long-term. They may also be specific to reducing the
impacts of certain activities.

Ecosystem services*

Referring to the goods and/or services that are either directly or
indirectly delivered by ecosystems to humans or referring to the
benefits to human well-being or economies derived from these
services.

Endangered species*

Referring to particular species or species more broadly that are
rare, vulnerable, sensitive, threatened, declining, or endangered.
Does not necessarily require legal status to be reflected here.

General
conservation*

Referring generally to the conservation or promotion of healthy
nature/ecosystems/habitats/flora and fauna.

Habitat protection*

Referring to the protection of specific habitat types (e.g., salt
marshes), habitat-forming species (e.g., coral reefs), or habitats
supporting ecological processes (e.g., spawning, foraging) or to the
protection of habitat in general from specific or general activities.

Invasive species

Referring to non-native, alien, introduced, or invasive species,
either specific species or invasive species more generally.

Marine protected
area*

Any reference to marine protected areas (MPAs)or marine
reserves.

MPA network*

Any reference to a particular network or series of MPAs or an MPA
network in general.

Referring to any action, commitment, or general statement on the

Reduce/manage need to either reduce, manage, or prevent negative impacts from

impact* specific activities or from human uses of oceans and ocean
resources in general.

Specific MPA Any reference to a specific MPA within the planning area, either

existing or proposed.
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Specific species

Referring to the conservation, protection, or reduction of harm to
specific species in the case study region. Species may or may not
be of commercial or conservation value.

Sustainability-related codes

Blue economy

(LT

Any reference to the “blue economy”, “ocean economy”, and “blue
growth”, generally defined as ocean-based industries and activities
that contribute economic value and may support wider social
objectives.

Sustainability*

Any general reference to sustainability, sustainable oceans
management, or sustainable industries/activities/economies.

Sustainable
development

Any reference to the “sustainable development”, sustainable value
creation, sustainable economic development, or sustainable growth
of marine resources, industries, or activities.

Sustainable
Development Goal 14

Any specific reference to the United Nation’s Sustainable
Development Goal 14 (SDG 14): Life Below Water.

Sustainable resource
use

Any reference to “sustainable use”, maintenance, or management
of natural resources or ecosystems and/or their services or
references to sustainable extractive activities (e.g., fishing, mining)
or sustainable stock.
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Table B3. Definitions of organizing and basic themes as they emerged from condensed analytical memos recorded per case study.

. R . Emer .
Organizing theme Definition Basic themes frorﬁ ged Condensed analytical memos
- Acknowledging ecological connectivity between species,
Ecosystems, species, and Norway habitats, ecosystem structure and function.
habitats are interconnected, - Reducing threats to ecological function and biodiversity
and impacts to ecosystems Scotland - Interconnectedness of ecosystems (role of species and habitats
should be avoided to in delivering ecosystem services)
maintain ecosystem - Avoid impacts to ecosystem function and integrity
function. Washington | - Avoid adverse effects to ecologically importance, sensitive, and
unique areas
- Giving priority to nature in nature conservation measures
Healthy ecosystems . . .
. - Quality/effective MPAs over quantity
underpin the ocean . .
Ecosystems as fundamental - Enhancing naturalness via nature management measures
. economy and have value . .
(15 annotations) . - Implementing new marine protected areas
beyond the services they .
. o . . . - Ecosystems are fundamental, underlying development (relates
provide. Prioritizing biodiversity Belgium ..
onservation via effecti to organizing theme)
nservation vi iv . a . 5 m
cons . efective -Nature as foundational, “working with nature” (relates to
conservation measures, .
. . . organizing theme)
including marine protected .
areas - Value of nature beyond ecosystem services (relates to
' organizing theme)
Norwa - Goal specific to management of biodiversity
y - Commitments to conservation action/developing new actions
Scotland - Reducing risk of impacts to MPAs, improving ability to meet
conservation objectives
. - Biodiversity as natural resources with economic value
Ecosystems and the services . . .
thev provide hold economic Norway - Value creation and blue growth orientation
. X vall:/ep - Valuable and vulnerable habitats and species
cosy.s €ms serve . ' Scotland - Ecosystem health for continued delivery of ecosystem services
. functions that benefit - — -
Ecosystems as functional (13 . - Reducing threats to ensure opportunities for value creation
. society through the . Norway . . .
annotations) delivery of ecosvstem Reducing threats and - Reducing pressures and impacts on the environment
serviceZ Y impacts to ecosystem Scotland - Protecting biodiversity and increasing economic prosperity
' services supports long-term | Wales - Avoid impacts to habitats for commercial and protected species
sustainability. . - Long-term sustainable ecosystem services via protection and
Washington

restoration
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- Sector benefiting from protection/conservation (especially

. . Scotland; ]
Co-locating conservation tourism)
measures with other - Co-locating sectors compatible with MPAs (e.g., tourism and
activities delivers benefits Wales recreation)
from protected ecosystem - Diversifying sectors (e.g., alterative use of fishing vessels at
services. certain times of year)
Washington | - Identifying potential uses compatible with MPAs
. Norway - Measures for protection are linked to sustainability
Sustainable development - — -
. . - Sustainable growth is limited by the environment
and maximum sustainable o . L
s . Scotland - Maximizing sustainable activity
use occur within ecological . v e . .
. . - Sustainable development “within environmental limits
limits of the marine = :
Ecosystems can be . - Sustainably managing non-renewable resources
) environment. Wales oL . .
. sustainably developed, - Maximizing oil and gas development sustainably
Ecosystems as limits (10 - o - — -
) and resources extracted, - Deferring responsibility for managing within environmental
at a maximum within . _ limits
. . Environmental limits and Scotland . . . . . .
environmental limits. ) . . - Acknowledging environmental risks and limits without giving
risks are identified though .
. guidance for management
IR I E LT - Development giving “due regard” for environmental and
within limits is not provided. | Wales p . i e
cumulative impacts
Washington | - Recognizing risks and impacts without addressing management
Belgium - Limiting impacts of one industry on another
& - Maintaining sectoral viability (e.g., no new closures)
- Policies for safeguarding current activities
Current and, to a lesser - Safeguarding policy for each sector clear, general policy for the
extent, new activities are Wales environment not specific per sector
. . maintained and impacts of - Second to current activities, safeguarding potential new
Continuation and/or s .
devel t of activities on each other are activities
e evelopment of ocean — — —
Prioritizing industry (15 ) p minimized. - Priority given to reducing impacts to existing uses over
. industries are clear
annotations) I . . . ecosystem
priorities of marine spatial Washington T - . .
lans - Minimize impacts to existing uses and adjacent tribes
P ’ - Identify sites for potential new use/minimize conflict
Activities with economic Belgium - Permitting potentially harmful activities in protected areas
value are permitted within Norwa - Falling back on a need for more knowledge/longer term
protected areas to limit the y assessments to warrant conservation action
impact of conservation on Scotland - Development in protected areas where there are social or

industry.

economic benefits of “national importance”
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- Potential for projects with adverse effects to go ahead in
Natura 2000 sites with permitting

- Conservation measures impacting activities (e.g., fisheries)
- Cumulative impacts only considered when they outweigh
economic benefit

Washington | - Permit certain activities in a specific MPA
. - Linked social and ecological wellbeing, ecosystem services
Belgium
focused
Contributions of ecosystems - Optimize contributions of marine environment to well-being
to well-being are recognized | Wales goals
Interdependencies as important for - Sustainable development linked to well-being
Social-ecological systems (7 | between the socio- sustainability. - Recognize the ecosystem as a linked, social-economic-
annotations) economic and ecological Washington | ecological system
systems are recognized. - Minimize adverse social and economic impacts
Space is created for local Scotland - Considering local priorities/other local plans
needs and priorities to be
reflected in planning and Washington | - Recognizing Tribal governments as co-managers

management.
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B5. Supplementary figures

Potential case studies on IOC-UNESCO
database n= 106

-

excluded n= 66

Non-EU/UK/USA cases }

( \

Case studies screened for final approved
spatial plan available level: n= 40

Cases excluded, not
meeting criteria n= 19

s N

Case studies screened for spatial plan in
English language: n= 21

Cases excluded, not
meeting criteria n= 2

NV

s N

Potential case studies, categorized based
on relationship to MPAs : n=19

MPAs under a Existing MPAs Existing and future
separate process: only: n= 6 MPAs: n= 4
n=9

Two case studies selected from each category

Norway — .
[ Norwegian Sea ] [ Belgium } [ Wales ]

United _States - Sweden* Scotland
Washington

*Note: Sweden’s national marine plans were not available in English at the time of analysis as
anticipated due to the COVID-19 pandemic and did not undergo document analysis

Figure B1. Selection of case studies through systematic screening protocol of MSP initiatives
listed on the Intergovernmental Oceanographic Commission online database (http://msp.ioc-
unesco.orq).
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‘ Belgium Norway . Wales . Scotland . Washington

Figure B2. Relative importance of organizing themes within and across case studies based on
the number of analytical memos sorted into each theme per case study (see Table 2). Size of

each wedge depicts the total number of analytical memos per theme, while the coloured slices
within each wedge depicts the number of memos per case study.

Appendix C. Chapter 4

Cl. Supplemen

tary tables

Table C1. Key literature used to identify features under each MSP characteristic. “Type”
refers to either MSP-focused literature (“MSP”) or other relevant literature (“Other”). The MSP
principle listed for each item is not necessarily exclusive, as many of these resulted in the
identification of features for other principles following qualitative cutting and sorting.

MSP Principle(s)

Citation

Type

All

Ehler, C. & F. Douvere. (2009). Marine Spatial Planning: a step-by-step
approach toward ecosystem-based management. Intergovernmental
Oceanographic Commission and Man and the Biosphere Programme,
http://msp.ioc-unesco.org/msp-guides/msp-step-by-step-approach/

MSP
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All

Ehler C. (2014). A Guide To Evaluating Marine Spatial Plans. I0C
Manuals and Guides, http://msp.ioc-unesco.org/msp-quides/evaluating-
marine-spatial-plans/

MSP

Adaptive

Frazdo Santos, C., Agardy, T., Andrade, F., Calado, H., Crowder, L.B.,
Ehler, C.N., Garcia-Morales, S., . . . & R. Rosa. (2020). Integrating
climate change in ocean planning. Nature Sustainability,
http://doi.org/10.1038/s41893-020-0513-x

MSP

Ecosystem-based

Borgstrom, S., Bodin, O., Sandstrém, A. & B. Crona. (2015). Developing

an analytical framework for assessing progress toward ecosystem-based
management. AMBIO, 44, http://link.springer.com/10.1007/s13280-015-

0655-7

Other

Ecosystem-based

Convention on Biological Diversity. (2010). Ecosystem approach
principles, https://www.cbd.int/ecosystem/principles.shtml

Other

Ecosystem-based

Foley, M.M., Halpern, B.S., Micheli, F., Armsby, M.H. & M.R. Caldwell.
(2010). Guiding ecological principles for marine spatial planning. Marine
Policy, 34, http://dx.doi.org/10.1016/j.marpol.2010.02.001

MSP

Ecosystem-based

Leslie, H.M. & K.L McLeod. (2007). Confronting the challenges of
implementing marine ecosystem-based management. Frontiers in
Ecology and the Environment, 5, http://doi.org/10.1890/060093

Other

Ecosystem-based

UNEP. (2011). Taking Steps toward Marine and Coastal Ecosystem-
Based Management - An Introductory Guide. UNEP Regional Seas
Reports and Studies No. 189,
https://wedocs.unep.org/handle/20.500.11822/8445

Other

Integrated

Asif, M., Zutshi, A. & N. Ahmad. (2011). An integrated management
systems approach to corporate sustainability. European Business
Review, 23, https://doi.org/10.1108/09555341111145744

Other

Integrated

Stephenson, R.L., Hobday, A.J., Cvitanovic, C., Alexander, K.A., Begg,
G.A., Bustamante, R.H., Dunstan, P.K., ... T.M. Ward. (2019). A
practical framework for implementing and evaluating integrated
management of marine activities. Ocean & Coastal Management, 177,
http://doi.org/10.1016/j.ocecoaman.2019.04.008

Other

Participatory

Kidd, S. & L. McGowan. (2013). Constructing a ladder of transnational
partnership working in support of marine spatial planning: Thoughts from
the Irish Sea. Journal of Environmental Management, 126,
http://doi.org/10.1016/j.jenvman.2013.03.025

MSP

Participatory

Morf, A., Kull, M., Piwowarczyk, J. & K. Gee. (2019). Towards a Ladder
of Marine/Maritime Spatial Planning Participation. In Zaucha, J. & K. Gee
(Eds.) Maritime Spatial Planning, http://link.springer.com/10.1007/978-3-
319-98696-8 10

MSP

Participatory

Twomey, S. & C. O’Mahony. (2019). Stakeholder Processes in Marine
Spatial Planning: Ambitions and Realities from the European Atlantic
Experience. In Zaucha, J. & K. Gee (Eds.) Maritime Spatial Planning,
http://link.springer.com/10.1007/978-3-319-98696-8 13

MSP
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Table C2. The MSP index scoring guide, using a four-point scale from zero to three, maximum possible points is 108. Absent
means there is no intention or recognition of a feature; minimal means there is an intention or recognition of a feature; good means
there is a commitment to and identification of a feature, and more requirements of a feature are present, and excellent means the

feature fully exists with all requirements.

Feature Absent (0 pts) Minimal (1 pt) Good (2 pts) Excellent (3pts)
Clear intention to monitor, Clea( CRAEDS and/or : :
. . one-time investments are Reliable investments are made
possibly through routine or . - .
: made to allow routine and/or to allow routine and systematic
o systematic processes, for . L o
c systematic monitoring for monitoring for management
= . . . management outcomes. A .
o) No clear intention to monitor ; . management outcomes, outcomes, compared against a
= baseline description of the : . . A
c for management outcomes. S compared against a baseline baseline description of the
o initial state of the system may o 7 oo .
s X description of the initial state of | initial state of the system using
not exist and performance ; L L o
. the system using qualitative gualitative and/or quantitative
< indicators may not be N o
= . oo and/or quantitative performance indicators.
= identified. S
= performance indicators.
= - : =
< c Mechanisms identified to : Mechanisms exist to enable
o enable resource reallocation .
= " : resource reallocation away
S away from ineffective . .
3 . : : - from ineffective management
= No recognized need for Recognized need for resource | management actions, possibly . o
© : X L actions, based on monitoring
@ resource reallocation to reallocation to enable based on monitoring and . .
& : . X ; and evaluation, to alternatives
2 enable adaptation. adaptation. evaluation, to alternatives
> and to assess lower cost
o and/or to assess lower cost :
® ; management alternatives for
J) management alternatives for .
14 : adaptation.
adaptation.
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Clear intention to establish an
evaluation plan for assessing
efficacy and/or ability to
achieve MSP objectives,

Clear commitment to
establishing an evaluation plan
for assessing efficacy and
ability to achieve MSP
objectives, possibly measured

An evaluation plan exists to
assess efficacy and ability to
achieve MSP objectives,
measured against

identifying missing information
and/or applied research needs
to reduce uncertainty for future
MSP.

identifying missing information
and applied research needs to
reduce uncertainty for future
MSP.

5 o . i : L predetermined criteria,
= . : possibly including procedures against predetermined criteria, | : :
© No clear intention to ; . - including procedures for
= : . for regular analysis and including procedures for .
= establish an evaluation plan. | . : . : regular analysis and
S interpretation of monitoring regular analysis and : . .
o ; ) . . o interpretation of monitoring
data to inform adaptation interpretation of monitoring ; X
. ; data to inform adaptation
needs and/or for open and data to inform adaptation
; : needs and for open and
accessible reporting of needs and/or for open and : )
e I ; ; accessible reporting of
evaluation findings. accessible reporting of e
L evaluation findings.
evaluation findings.
Mechanisms identified for Mechanisms exist for
Recognized need for modifying MSP goals, modifying MSP goals,
mechanisms for modifying objectives, and/or objectives, and/or
. MSP goals, objectives, and/or | management measures based | management measures based
c No recognized need for S : S i
§e] : e management measures based | on monitoring and evaluation. on monitoring and evaluation.
= mechanisms for modifying L . ; .
= . on monitoring and evaluation, MSP and/or the spatial MSP and the spatial
= MSP goals, objectives, : . .
= MSP may be flexible enough management plan are flexible management plan are flexible
2 and/or management b dified i htob dified i htob dified i
3 measures to be modified in response to a | enough to be modified in enough to be modified in
' changing ecosystem and/or response to changing response to changing
governance conditions in the ecosystems and/or ecosystems and governance
short- and/or long-term. governance conditions in the conditions in the short- and
short- and long-term. long-term.
Recognl_zed Tl iy Mechanisms identified to make | Mechanisms exist to make
mechanisms to make L : - .
L : decisions under uncertainty decisions under uncertainty
decisions under uncertainty : :
; related to the environmental related to the environmental
related to the environmental : : . :
> . . and socio-economic contexts and socio-economic contexts
c ] and/or socio-economic L ; X .
‘S No recognized need for contexts of MSP. possibl of MSP, possibly including use | of MSP, including use of the
= mechanisms to make including use of 'Ehpe y of the precautionary approach | precautionary approach to
2 decisions under uncertainty. 9 to overcome uncertainty and/or | overcome uncertainty and
5 precautionary approach and/or

identifying missing information
and applied research needs to
reduce uncertainty for future
MSP.
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Climate change

No recognized need for
mechanisms to incorporate
climate change in MSP.

Recognized need for
mechanisms for incorporating
climate change in MSP,
possibly including recognition
of climate change in MSP
objectives, plans, and/or
policies, climate-related risks,
use of climate change
scenarios to anticipate
changes over time and space,
and/or use of dynamic
management.

Mechanisms identified for
incorporating climate change
in MSP, including recognition
of climate change in MSP
objectives, plans, and/or
policies, climate-related risks,
use of climate change
scenarios to anticipate
conflicts and changes in
ecosystems, ecosystem
services, and human activities
over time and space, and/or
use of dynamic management.

Mechanisms exist for
incorporating climate change
in MSP, including recognition
of climate change in MSP
objectives, plans, and policies,
analysis of climate-related
risks, use of climate change
scenarios to anticipate
conflicts and changes in
ecosystems, ecosystem
services, and human activities
over time and space, and
possibly use of dynamic
management.

Biodiversity
conservation

No recognized need for
policies and/or management
measures to maintain or
restore biodiversity.

Recognized need for policies
and/or management measures
to maintain or restore
biodiversity, including native,
threatened or endangered,
and/or key species, their
habitats, and/or ecological
processes essential to
biodiversity.

Policies and/or management
measures identified to
maintain or restore
biodiversity, including native,
threatened or endangered,
and/or key species, their
habitats, and/or ecological
processes essential to
biodiversity.

Policies and/or management
measures exist to maintain or
restore biodiversity, including
native, threatened or
endangered, and key species,
their habitats, and ecological
processes essential to
biodiversity.

Habitat

No recognized need for
policies and/or management
measures to maintain or
restore habitat.

Recognized need for policies
and/or management measures
to maintain or restore habitat
guantity, quality, and/or
diversity, possibly including
habitat important for ecological
processes, ecologically
valuable species, and/or life
history stages, habitat spatial
arrangement, and/or
relationships between habitat

Policies and/or management
measures identified to
maintain or restore habitat
quantity, quality, and/or
diversity, including habitat
important for ecological
processes, ecologically
valuable species, and/or life
history stages, habitat spatial
arrangement, and/or

relationships between habitats.

Policies and/or management
measures exist to maintain or
restore habitat quantity,

quality, and diversity, including
habitat important for ecological
processes, ecologically
valuable species, and life
history stages, habitat spatial
arrangement, and relationships
between habitats.
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Ecosystem-based

Recognized need for policies

Policies and/or management

Policies and/or management

use of biodiversity.

will be identified and will inform
management priorities.

5 and/or management measures | measures identified to measures exist to maintain or
= No recoanized need for to maintain or restore maintain or restore ecological restore ecological structure
S recog ecological structure and structure and function, ©010g . .
2 policies and/or management : e . ; X o . and function, including biotic
= o function, possibly including including biotic and abiotic L
measures to maintain or . o and abiotic ecosystem
Q . biotic and abiotic ecosystem ecosystem components, .
73 restore ecological structure X ) L . components, disturbance
> : components, disturbance disturbance regimes, trophic . o )
7 and function. . o . ) . regimes, trophic interactions,
S regimes, trophic interactions, interactions, and/or meta- and meta-pooulation and
ul and/or meta-population and/or | population and community communit pdpnamics
community dynamics. dynamics. yay )
Recognized need for policies Policies and/or management Policies and/or management
%) and/or management measures | measures identified to measLUres exist to ma?ntain or
% No recognized need for to maintain or improve maintain or improve improve connections between
‘Q policies and/or management | connections between connections between ecgs stems within the
measures to improve ecosystems within the ecosystems within the . :
3 t t thin th t thin th y
2 ; ; . ; . planning area and to the wider
b} connections between planning area and to the wider | planning area and to the wider land-sea environments
IS ecosystems within the land-sea environments, land-sea environments, considerina aeomor hc;lo
§ planning area and to the considering geomorphology, considering geomorphology, biogeo raghg and/c?r 9y,
5 wider land-sea environments. | biogeography, and/o_r biogeography, and/o_r oceganoggre?przl); affecting the
< oceanography affecting the oceanography affecting the lanning area
planning area. planning area. P 9 '
Policies and/or management Policies and/or management
Recoanized need for nolicies measures identified to secure measures exist to secure the
3 9 b the long-term delivery of long-term delivery of multiple
= No recognized need for TS TN ETIEE G SR S multiple ecosystem services ecosystem services, includin
© s to secure the delivery of pi€ ecosys . ’ Y ; ! 9
o y
Q9 policies and/or management : . possibly including tangible and | tangible and intangible
<) multiple ecosystem services, ; . . .
o measures to balance . ; . intangible services, to balance | services, to balance
0 conservation and sustainable !nclud|_ng tanglble Sineliey conservation and sustainable conservation and sustainable
2 T : intangible services, to balance o . o .
= use of biodiversity. : . use of biodiversity. Ecosystem | use of biodiversity. Ecosystem
= conservation and sustainable ; L : . s ;
S services within the marine area | services within the marine area

are identified and inform
management priorities.
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Recognized need for policies
and/or management measures

Policies and/or management
measures identified to
eliminate or minimize threats

Policies and/or management
measures exist to eliminate or

activities, and/or fostering
economic diversification in
marine sectors.

and/or fostering economic
diversification in marine
sectors.

(2] A A AR A
= No recognized need for loeliminate or minimize to species and ecosystems minimize threats to species
o - threats to species and S
= policies and/or management from human activities, and ecosystems from human
< i ecosystems from human ; o e ey > s
= measures to eliminate or Ay . e including identifying threats, activities, including identifying
() o . activities, including identifying ; e .
N minimize threats to species : managing ecosystems within threats, managing ecosystems
= threats, managing ecosystems 2 o L T .
4= and ecosystems from human o o R ; their limits and defining those within their limits, spreading
= L within their limits, spreading - o . )
s activities. . ; limits, spreading risk across risk across the planning area,
risk across the planning area, ; : .
L ; the planning area, and/or and addressing cumulative
and/or addressing cumulative : . .
: addressing cumulative impacts.
Impacts. .
impacts.
Clear commitment to
-g establishing a common A common framework that
= Clear intention to establish a framework that integrates integrates within and between
GE’ . . common framework that within and between stakeholders, governance,
S No clear intention to . e : s D
S establish a common integrates within and between | stakeholders, governance, policy, legislation, and existing
c . : stakeholders, governance, policy, legislation, and management exists. The
o framework for integration. : C s e
= policy, legislation, and/or management. The framework | framework clarifies how
g management. may clarify how integration integration addresses gaps in
O addresses gaps in management.
management.
D . Mechanisms identified to Mechanisms exist to balance
= Recognized need for
© X balance demands for demands for development and
S mechanisms to balance . ) e :
@ development and protection protection within the planning
et demands for development and - . : . .
c ) ; - : within the planning area, area, including evaluating
- = protection within the planning ; : ; h
= No recoanized need for area. bossibly includin including evaluating trade-offs | trade-offs among ecological,
GE) mechan?sms to ensure evalt;ar:tin trgde offs a?non ENTenE EERIEGeT, SREE] AnEl | STEE, SNl HEemns
o° ung . 9 economic objectives and objectives and activities at
o demands for development ecological, social, and L : .
c . : S activities at temporal, spatial, temporal, spatial, and
5 and protection are balanced | economic objectives and
= gy . L o and/or governance scales, governance scales,
T within the planning area. activities, considering S : D .
A e . considering cumulative considering cumulative
© cumulative impacts of multiple | . : o ; . i
m impacts of multiple activities, impacts of multiple activities,

and fostering economic
diversification in marine
sectors.
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Multi-sector
integration

No clear intention to
establish an integrated
management plan across
sectors.

Clear intention to establish an
integrated management plan
across sectors within and/or
affecting the planning area that
may include management
measures, plans, and policies
and/or communicate the
expectation for integration.

Clear commitment to
establishing an integrated
management plan across
sectors within and affecting the
planning area that will include
management measures, plans,
and policies and communicate
the expectation for integration.

An integrated management
plan across sectors within and
affecting the planning area
exists and includes their
management measures, plans,
and policies and
communicates the expectation
for integration.

Mechanisms identified for

Mechanisms exist for vertical

management plans.

for integration.

5 ; Recognized need for vertical and horizontal : : .
E= No recognized need for ; . , ; ; L and horizontal integration of
o mechanisms for mechanisms for implementing | integration of new and existing s 2] ST GRS
T |- . : vertical and/or horizontal governance and/or g9
z implementing vertical and . ; and/or management systems,
< ; . . integration of new and/or management systems, ; o )
= horizontal integration of new e 2 A . including integration of
J) L existing governance and/or possibly including integration .
> or existing governance ) different knowledges,
o management systems, of different knowledges, .
= and/or management S A . supporting whole system
= svstems possibly including integration toward whole system management in addition to
§ y : of different knowledges. management in addition to manag
L individual sub-systems.
individual sub-systems.
Recognl_zed e ey Mechanisms identified to Mechanisms exist to support
mechanisms to support o ST L
S institutional coordination support institutional institutional coordination,
= oo : o coordination, including defining | including defining and
© possibly including defining and . o o o
£ N o and assigning responsibility for | assigning responsibility for
<) assigning responsibility for ; )
= ; ) MSP tasks and their MSP tasks and their
- No recognized need for MSP tasks and their : ; L : . L
S : . : L integration, coordination of integration, coordination of
g mechanisms to support integration, coordination of DA -
= Lo S e institutional programs and/or institutional programs and
c institutional coordination. institutional programs and/or - o : . o :
S " o : policies within and affecting policies within and affecting
E= policies within and affecting . .
5 ; the planning area, and/or the planning area, and
= the planning area, and/or ] ;
G COMMItMENts ACross commitments across commitments across
E S . . institutions for implementing institutions for implementing
institutions for implementing ; .
. integrated management plans. | integrated management plans.
integrated management plans.
: Mechanisms are identified for | Mechanisms exist for adopting
c Recognized need for " : ; . C
S X . adopting and implementing and implementing integrated
= g mechanisms for adopting and | .
@ No recognized need for . S integrated management plans | management plans an
= : : implementing integrated . - ;
e mechanisms for adopting management plans and/or and/or resources are identifie resources are available to
GE) and implementing integrated resou?ces fo SE)J ort to support the increased costs | support the increased costs
o management plans. .  SUpRC e.g., time, money, skills) of e.g., time, money, skills) of
implementation of integrated : : . :
E capacity, leadership, and tools | capacity, leadership, and tools

for integration.
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Participatory

Clear intention to establish a
participation plan that may

Clear commitment to
establishing a participation

A participation plan indicating
who, when, and how to involve

participation.

possibly simultaneously.

S indicate who, when, and how plan indicating who, when, and | stakeholders and rightsholders
=3 to involve stakeholders and how to involve stakeholders exists, was developed prior to
_5 No clear intention to rightsholders, that may be and rightsholders, developed beginning MSP, and defines
= i S developed prior to beginning prior to beginning MSP, and/or | the functions and objectives of
o establish a participation plan. ; : ' : L g
5 MSP, and/or may define the will define the functions and participation, MSP authorities
"% functions and objectives of objectives of participation, and participants, and the
o participation, MSP authorities MSP authorities and entitlement to participate,

and participants, and/or the participants, and the which may evolve over time as

entitlement to participate. entitlement to participate. needed.

Recognlized “eed ien Mechanisms identified to . .
c mechanisms to ensure that the Mechanisms exist to ensure
o ensure that the group of
= N . group of stakeholders and . that the group stakeholders
x o0 recognition of a need for . ; stakeholders and rightsholders : ;
a : rightsholders is balanced, ; . and rightsholders is balanced,
e (7 EETEMIESTS [ EMEUE et & representing diverse interests = BEIEEDE, EDTESEE representing diverse interests
@ final group of stakeholders pre g . ' | diverse interests, possibly with P 9 . L
a x ) possibly with equal powers in . o with equal powers in advising

and rightsholders is balanced . Iy . equal powers in advising and . .
5 o advising and decision-making, o . and decision-making, and to
S and/or to anticipate and L decision-making, and to - X
2 . and/or to anticipate and/or S anticipate and resolve conflicts
< resolve conflicts. . S anticipate and/or resolve . .
= resolve conflicts, possibly in a Lo in a transparent and equitable
© . conflicts in a transparent and
m transparent and equitable . manner.
equitable manner.

manner.

Recognized need for Mechanisms identified to . .
%) X . Mechanisms exist to ensure
o . mechanisms ensuring ensure stakeholders have .
= No recognized need for . . stakeholders have multiple
5 : . stakeholders have multiple multiple avenues for both :
g mechanisms ensuring : X avenues for both vertical (e.g.,
p= . avenues for both vertical (e.g., | vertical (e.g., formal C

stakeholders have multiple . = . formal communications,

@ X formal communications, communications, consultation) . )
o avenues for both vertical and : . . . consultation) and horizontal
= horizontal barticipation consultation) and horizontal and horizontal (e.g., dialogue, (e.g., dialogue, negotiation)
= P P ’ (e.g., dialogue, negotiation) negotiation) participation, 9., dlalogueé, nég
= participation simultaneously.
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Stakeholder empowerment

No recognized need for
ensuring stakeholders have
the means, skills, and
knowledge to participate in
MSP.

Recognized need for
mechanisms to ensure
stakeholders have the means,
skills, and knowledge to
participate with a shared sense
of purpose, values, and/or
rules, including policies and/or
protocols for promoting trust
among stakeholders and in the
process.

Mechanisms identified to
ensure stakeholders have the
means, skills, and knowledge
to participate with a shared
sense of purpose, values,
and/or rules, including policies
and/or protocols for promoting
trust among stakeholders and
in the process, and/or
decentralizing management to
the lowest level and/or
enabling participation in
governance.

Mechanisms exist to ensure
stakeholders have the means,
skills, and knowledge to
participate with a shared sense
of purpose, values, and rules,
including policies and/or
protocols for promoting trust
among stakeholders and in the
process, and/or decentralizing
management to the lowest
level and/or enabling
participation in governance.

Recognized need for

Mechanisms identified to

Mechanisms exist to ensure

and adaptation, designation of
a lead communicator, and/or
identification of resources.

designation of a lead
communicator, and/or
identification of resources.

5 mechanisms to ensure ensure participation occurs participation occurs throughout
2 participation occurs throughout | throughout MSP, including MSP, including regular
= MSP, including regular regular meetings defined for meetings defined for
_g No recognized need for meetings defined for stakeholder involvement at stakeholder involvement at
= mechanisms to ensure stakeholder involvement each MSP stage and each MSP stage and
S participation occurs and/or opportunity to engage opportunity to engage in opportunity to engage in each
o throughout MSP. in aspects of decision-making, | aspects of decision-making, aspect of decision-making,
© setting objectives, developing setting objectives, developing setting objectives, developing
G alternatives, and/or identifying | alternatives, and/or identifying | alternatives, and identifying the
a the preferred spatial the preferred spatial preferred spatial management
management plan. management plan. plan.
Recognized need for Mechanisms identified to Mechanisms exist to effectively
mechanisms to effectively effectively engage and engage and communicate with
o engage and communicate with | communicate with participants, | participants, including timely
= .2 . participants, including timely including timely reporting and reporting and frequent contact,
$ ® | Norecognized need for h .
o : : reporting and frequent contact, | frequent contact, targeted and | targeted and accessible
€ -= | mechanisms to effectively . ; 2 T )
oS5 : targeted and/or accessible accessible communication, communication in multiple
) engage and communicate o e : o
c £ : - communication, communication of evaluation formats, communication of
o £ | with participants. o . . . .
g S communication of evaluation and adaptation processes, evaluation and adaptation

processes, designation of a
lead communicator, and
identification of resources.
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Strategic

Resources

No recognized need for
mechanisms to ensure
sustainable human,
technical, and/or financial
resources are available to
develop and implement the
current and/or future
iterations of MSP.

Recognized need for
mechanisms to ensure
sustainable human, technical,
and/or financial resources are
available to develop and
implement the current and/or
future iterations of MSP.

Mechanisms identified to
ensure sustainable human,
technical, and/or financial
resources are available to
develop and implement the
current and/or future iterations
of MSP over the long-term,
possibly including a financial
plan for MSP costs, means to
multiple and alternative
financial resources, and/or
identification of appropriately
skilled staff.

Mechanisms exist to ensure
sustainable human, technical,
and financial resources are
available to develop and
implement the current and
future iterations of MSP over
the long-term, including a
financial plan for MSP costs,
means to multiple and
alternative financial resources,
and identification of
appropriately skilled staff.

146



Goals &
objectives

No clear intention to
establish goals, objectives,
and guiding principles at the
onset of MSP.

A clear intention to establish
goals, SMART objectives, and
guiding principles at the onset
of MSP that are supported by
decision-makers and
stakeholders.

A clear commitment to
establishing goals, SMART
objectives, and guiding
principles at the onset of MSP
that are supported by decision-
makers and stakeholders.

Goals, SMART objectives, and
enforceable guiding principles
exist, established at the onset
of MSP and supported by
decision-makers and
stakeholders. This may include
a list of specific problems to be
solved by MSP.

Authority &
leadership

No clear intention to
establish authorities or MSP
team to lead MSP.

Clear intention to establish
authorities, political
champions, a coordinating
agency, and/or MSP team to
lead MSP and/or the
implementation of the spatial
management plan.

Clear commitment to
establishing authorities,
political champions, a
coordinating agency, and/or
MSP team to lead MSP and
the implementation of the
spatial management plan,
possibly prior to beginning
MSP.

Authorities, political
champions, a coordinating
agency, and MSP team are
established to lead MSP and
the implementation of the
spatial management plan,
possibly prior to beginning
MSP.

Work plan

No clear intention to
establish a work plan.

Clear intention to establish a
work plan that identifies key
work products and their
interdependencies, assigns
responsibility for outputs,
identifies resources required to
deliver outputs, sets a
timeframe for initiating,
completing, and revising MSP,
and/or identifies potential risks
in MSP and contingency
measures.

Clear commitment to
establishing a work plan that
identifies key work products
and their interdependencies,
assigns responsibility for
outputs, identifies resources
for outputs, sets a timeframe
for initiating, completing, and
revising MSP, and/or identifies
potential risks and contingency
measures or a work plan exists
containing some requirements.

A work plan exists that
identifies key work products
and their interdependencies,
assigns responsibility for
outputs, identifies resources
required to deliver outputs,
sets a timeframe for initiating,
completing, and revising MSP,
and identifies potential risks in
MSP and contingency
measures.
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Clear commitment to being

MSP is evidence-based,
informed by a science advisory

compliance.

responses to non-compliance.

° . . . evidence-based, possibly body or similar, using the best

D Clear intention to be evidence- | . ] . : ]

7} X . informed by a science advisory | available natural and social

© based, using the best available 7 X ; .

o . . . . body or similar, using the best | science and different types of

& No clear intention to be natural and/or social science : . ; . o s

5 . : available natural and social information (e.g., scientific,

c evidence-based. and/or different types of ; . :

o ; . science and/or different types Indigenous and local

e information relevant to the : :

= . of information relevant to the knowledge, and knowledge

o planning area. . X . .
planning area and/or external innovations and practices)
environment. relevant to the planning area

and external environment.

- Clear intention to establish a Clear commitment to

o plan and/or strategies that establishing a plan and/or A plan and/or strategies exist

g define authority and measures | strategies that define authority | that define authority and

2 for enforcing the spatial and measures for enforcing measures for enforcing the

g No clear intention to management plan and the spatial management plan spatial management plan and

g establish a plan and/or achieving high compliance. and achieving high achieving high compliance.

- strategies for enforcement Compliance may be defined, compliance. Compliance is Compliance is clearly defined,

2 and compliance. including which activities are clearly defined, including which | including which activities are

= subject to requirements of the activities are subject to subject to requirements of the

g' spatial management plan requirements of the spatial spatial management plan and

8 and/or responses to non- management plan and responses to non-compliance.
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C2. Supplementary figures

Method Outcome

Key
features:

Preliminary features combined
and re-assigned into distinct key
features using qualitative cutting
and sorting

Figure C1. Three-step method and outcomes of each step for identifying features of the MSP
Index. The initial 218 potential features identified through review of key literature underwent two
rounds of qualitative cutting and sorting to establish the final 36 key features.
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Figure S2. Detailed identification of the final 36 key features in the MSP index, established
through qualitative cutting and sorting of 43 preliminary features, for each MSP principle: (A)
adaptive, (B) ecosystem-based, (C) integrated, (D) participatory, (E) place-based, and (F)

strategic.
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