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Abstract

Humans depend on earth’s ecosystems and in the Anthropocene, ecosystems are increasingly impacted by human activities.
Sustainability—the long-term integrity of social-ecological systems—depends on effective environmental stewardship,
yet current conceptual frameworks often lack empirical validation and are limited in their ability to show progress towards
sustainability goals. In this study we examine institutional and local stewardship actions and their ecological and social
outcomes along 7000 km of Australia’s coastline. We use empirical mixed methods and grounded theory to show that the
combination of local and institutional stewardship leads to improved ecological outcomes, which in turn enhance social val-
ues and motivate further stewardship to form a virtuous cycle. Virtuous cycles may proceed over multiple iterations, which
we represent in a new spiral model enabling visualisation of progress towards sustainability goals over time. Our study has
important implications for collaborative earth stewardship and the role of policy in enabling virtuous cycles to ultimately
realise sustainable futures.

Keywords Sustainability - Social-ecological systems - Environmental stewardship - Mixed methods - Grounded theory -

Sustainable development goals

Introduction

We are inseparable from our environment. Humans depend
on nature to provide the essentials of life, and in turn,
environmental health is heavily dependent on the actions
of humans (Preiser et al. 2017; Steffen et al. 2011). The
fundamental importance and mutuality of human—environ-
ment relationships is embodied in the concept of sustainabil-
ity—the “long-term integrity of the biosphere and human
well-being” (Chapin et al. 2011). Despite the criticality of
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human-environment relationships, we have much yet to
learn of the modern structures, interactions and dynamics
of social-ecological systems (Messerli et al. 2019; Scholz
and Binder 2011).

A key element in achieving a sustainable future is for
humans to take responsibility as environmental stewards
(Steffen et al. 2011; Preiser et al. 2017). Whilst stewardship
is just one of several framings for the human—environment
relationship, it most closely supports reconnecting people
with nature and building resilience in social-ecological
systems (Preiser et al. 2017). Environmental stewardship
is a fluid concept (Turnbull et al. 2020a); here we define
it as active earth-keeping, taking responsibility to protect,
care for and use the environment for positive ecological and
social outcomes (Lerner 1993; Bennett et al. 2018).

The United Nations 2030 Agenda for Sustainable Devel-
opment provides a plan of stewardship action “for people,
planet and prosperity” (DESA UN 2016). This social-eco-
logical Agenda seeks to end inequality and poverty, and heal
and secure our planet for a sustainable future. It is actioned
through 17 Sustainable Development Goals (SDGs) and
1609 targets, many of which connect humans and nature. Yet
today, most SDGs are projected to fall short of their targets,
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with several goals currently on negative trajectories (UN
Secretary General 2019).

Converting negative trajectories to positive, to achieve
our global sustainability Agenda, will require new ways of
thinking and acting (UN Secretary General 2019). Novel
inter-disciplinary approaches such as integrating science,
business and government, informed by improved knowledge
networks and resulting in collaborative management, are
required (Messerli et al. 2019). Such societal transformations
will depend on new conceptualisations of the human—envi-
ronment relationship, as today most theoretical social-eco-
logical models have limited application (Binder et al. 2013).

Protected areas can provide places which facilitate envi-
ronmental stewardship, resulting in improved social and
ecological values (Powell et al. 2002). Protected areas may
exist in both terrestrial and marine realms and have vary-
ing levels of protection or stewardship (Dudley et al. 2013).
Fully protected areas, for example, prohibit the removal of
or damage to all animals and plants. Partially protected areas
have widely varying regulations but allow a range of extrac-
tive activities to occur including fishing and collecting. Such
differing levels of stewardship can result in varying levels
of ecological and social effectiveness (Turnbull et al. 2021).

In this study, we aimed to develop a novel conceptualisa-
tion of the human—environment relationship, focusing on the
positive actions human society may take towards sustainabil-
ity. We explored the concepts of environmental stewardship
and virtuous cycles and investigated whether these concepts
were supported by empirical evidence. We studied both
institutional stewardship—in the form of varying levels of
protection—and the individual or local environmental stew-
ardship actions of people at a place (Turnbull et al. 2020a).

Our approach was to examine a diverse social-ecologi-
cal system to provide insight into broader-scale trajectories
towards sustainability. To achieve this, we selected coastal
places as they integrate terrestrial and marine realms and
provide a linked system of social and ecological dynamics
(Pollnac et al. 2010). We chose Australia’s Great Southern
Reef coastline, spanning five jurisdictions and 7000 km for
our study due to its size, diversity and ecological importance
(Bennett et al. 2016).

Fig.1 Frameworks for human—
ecosystem relationships. a
unidirectional, b bidirectional, Humans

and ¢ nested t
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Frameworks and models

Human—ecosystem relationships can be visualised through
multiple frameworks including unidirectional (such as eco-
system services or stewardship alone), bidirectional (such as
closed loop production), and intersecting or nested domains
(Fig. 1) (Folke et al. 2016; Moskell and Allred 2013; Ray-
mond et al. 2013). Selection of a given framework both
highlights and hides elements, preferencing one set of per-
spectives, ethics and outcomes over another (Preiser et al.
2017; Raymond et al. 2013). The closed-loop framework,
expanded beyond production to encompass values, services
and dis-services, as well as positive and negative human
impacts on ecosystems, has some limitations yet has poten-
tial for broad application (Masterson et al. 2019; Raymond
et al. 2013). It is manifest in varying degrees in a number
of existing systems models or derivative frameworks. We
now discuss three such derivative frameworks, selected to
illustrate the diverse yet still limited practical applications
of the general closed-loop framework.

The DPSIR framework—driving forces, pressures, states,
impacts, and responses (Smeets 1999)—is a widely used
framework for environmental indicators. DPSIR models a
mostly one-way flow from Drivers such as industry, to Pres-
sures such as pollution, State of environment such as water
quality and Impacts such as loss of biodiversity or drink-
ing water. The final step, Response, closes the loop with
a human intervention to mitigate impacts, states, pressures
and drivers through actions such as wastewater treatment.
The language of DPSIR is focused on the negative impacts
of humans on the environment although it may be applied in
the context of sustainability with the use of suitable indica-
tors (Smeets 1999).

The Human—Environment Systems (HES) framework
(Scholz and Binder 2011) focuses on managing the nega-
tive impacts of humans on the environment but with explicit
recognition of the reciprocal impact of environmental factors
on humans. HES is grounded in the social and sustainability
sciences and decision theory, and enables the general forma-
tion of goals and strategies to manage the human—environ-
ment relationship (Scholz and Binder 2011; Binder et al.
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2013). It models primary and secondary feedback loops for
the evaluation of environmental responses and dynamics
arising from these strategies. The HES framework does not
contain a sustainability component, but it can be used to
investigate sustainability learning in a given context (Scholz
and Binder 2011).

The Social-Ecological Systems Framework (SESF) is
balanced in its treatment of social and ecological subsystems
but takes an anthropocentric perspective that views ecologi-
cal components as resources (Ostrom 2009). This is reflected
in its application in the management of agriculture, fisheries
and water resources. It acknowledges the governance system
and resource “users”, with feedback loops for the social and
ecological outcomes arising from system interactions. As
with HES, the SESF does not explicitly contain a sustain-
ability component but can be used to analyse sustainability
of the social-ecological system (Ostrom 2009).

The originating context, perspective and assumptions for
each of the above frameworks are manifest in the specific
language and limitations of each framework, often result-
ing in a focus on the negative or exploitative aspects of the
human—environment relationship. In our study, we aim to
develop a model, grounded on empirical evidence, which
highlights the positive actions that humans can take to drive
upward trajectories in both environmental health and human
well-being. This virtuous circle or cycle has potential as a
basis for such a model; however, this concept has been used
in varying, sometimes differing ways in both the academic
and management literature.

Early research regarding the virtuous circle or cycle pro-
posed a model in which social and ecological capital were
mutually reinforced and concluded that a key objective of
policy should be to achieve “virtuosity in the landscape”
(Selman and Knight 2006). Qualitative, trans-disciplinary
approaches were considered necessary to fully appreciate the
interdependency between “people and place” and develop
representative models (Selman and Knight 2006). Protected
areas were recognised as pivotal in achieving virtuosity,
leading to sustainability improvements in both landscape
quality and community quality of life (Powell et al. 2002),
although recent research highlights the difficulty in simul-
taneously meeting social and ecological goals in coastal set-
tings (Cinner et al. 2020).

Tidball et al. (2017) applied virtuous and vicious cycles
to develop the concept of resilience in social-ecological
systems. They used systems theory, in which positive feed-
back amplifies change and negative feedback inhibits or
counterbalances change. Virtuous and vicious cycles were,
therefore, both positive or reinforcing feedback loops, but
driving the system in desirable or undesirable directions.
The definition of desirable vs. undesirable is value laden
(Preiser et al. 2017), but in terms of sustainability these

could be represented by, for example, endemic biodiversity
preservation vs. loss, and the gain or loss of human well-
being. The authors placed desirable states in the virtu-
ous domain and undesirable states in the vicious domain,
with a bifurcation zone between which may tip in either
direction based on policy and management actions. They
encouraged future research to detect the practices con-
tributing to virtuous cycles and provide evidence of the
resulting social and ecological outcomes.

Masterson et al. (2019) most recently conceptualised
the relationship between ecosystems and human well-
being as a holistic cycle that can be either positive (virtu-
ous), or negative. The virtuous cycle results from effective
stewardship, whilst the negative cycle results from overex-
ploitation of the environment and poor management. The
model integrates human values, attitudes and actions and
recognises the mediating role of institutions and policy
in the cycle. Human benefits are modelled broadly as a
“basket” of direct use, monetary income and experiences.
In presenting this broad conceptual model, the authors call
for further empirical research to understand and verify
components of the cycle.

The recent Global Sustainable Development Report
(UN Secretary General 2019) mentions transforming
“vicious to virtuous circles” but offers no conceptual basis
for these terms. Virtuous circles are not explained, but
vicious circles are referenced in the context of negative
tipping points in Earth’s natural systems and the accel-
eration of global warming through melting sea ice and
permafrost. Importantly, eleven of the seventeen SDGs
embody one or both directions of the virtuous circle, in the
general form of humans caring for, or benefitting from, the
environment (Table 1). Ultimately, the vicious-to-virtuous
transformation is described as “key to the implementation
of the 2030 Agenda” (UN Secretary General 2019).

Existing social-ecological and virtuous cycle models
only partly enable visualisation of such transformation.
They generally focus on the relationship between compo-
nents in the social-ecological system, but do not directly
incorporate the concept of sustainability nor allow visu-
alisation of positive progress towards sustainability over
time. This would require representation of both a direc-
tion—towards (or away from) the goal; and time—as
current sustainable development goals are set for a given
year (DESA UN 2016). Tidball et al.’s (2017) model does
include a graphical landscape which enables visualisation
the system state between virtuous and vicious domains,
but with the goal of resilience rather than sustainability.
There is, therefore, an opportunity to further conceptualise
the positive pathways through stewardship and virtuous
cycles to sustainability (Chapin et al. 2011; Mathevet et al.
2018).
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Table 1 Sustainable Development Goal (SDG) components which relate to the virtuous cycle; humans caring for or benefitting from the envi-
ronment (stewardship and social values or ecosystem services, respectively)

SDG Goal Stewardship components Social values/services components
1 No poverty Access to natural resources

2 Zero hunger Maintain ecosystems Sustainable food production

5 Gender equality Access to natural resources

6 Clean water and sanitation Protect and restore water-related ecosystems

8 Decent work and economic growth Decouple economic growth from environmental deg-

radation
Greater adoption of clean and environmentally sound

Reduce environmental impact of cities

Sustainable management of natural resources
Environmentally sound management of wastes

9 Industry, innovation and infrastructure
technologies
11 Sustainable cities and communities Protect the world’s natural heritage
12 Responsible consumption and production
13 Climate action Meaningful mitigation
14 Life below water

Protect and conserve marine and coastal ecosystems
Reduce marine pollution

End unsustainable fishing practices

Conserve at least 10% of coastal and marine areas
Increase scientific knowledge to improve ocean health
Enhance conservation through international law

Accessible green spaces

Efficient use of natural resources
Lifestyles in harmony with nature

Resilience to climate-related hazards

Sustainable use of healthy, produc-
tive oceans

Increase benefits of marine resources
to small and undeveloped nations

Contribution of marine biodiversity
to development

15 Life on land

Protect and restore terrestrial ecosystems
Conserve and halt loss of biodiversity
Protect threatened species

Reduce the impact of invasive species

Halt deforestation, increase reforestation
Combat desertification and land degradation

Access for small-scale artisanal
fishers

Sustainable use of terrestrial eco-
systems

Improve capacity for benefit from
natural ecosystems

Fair and equitable benefit from
genetic resources

Integrate ecosystem and biodiversity
values in planning and develop-
ment

Pursue sustainable livelihood oppor-
tunities

Components were extracted from the UN 2030 Agenda SDG target descriptions, where these made reference to either environmental steward-
ship-related actions or social values/ecosystem services (DESA, UN (2016)

Methods
Approach

Our research along Australia’s Great Southern Reef spanned
the southern half of the continent of Australia, from Port
Stephens to Perth. We studied 56 sites, spanning five juris-
dictions (States), with roughly even distribution across pro-
tected area levels to model different policy (institutional
stewardship) settings; 19 sites were fully protected areas,
18 sites were partially protected areas and 19 sites were open
areas (Fig. 2 and Table S1). We selected site boundaries
to encompass the diversity of recreational uses observed at
the site and a mix of terrain such as water, rocky shore,
beach, parkland and other developed areas, where they were
present.

Our social-ecological research questions called for a
diverse set of methods. We used structured observation

@ Springer

(Bryman 2016) to record site factors such as mix of users
(people swimming, walking, fishing etc) and signage. Per-
ceptions, values, motivations and recreational and steward-
ship activities of individuals at each site were gathered using
semi-structured interviews (Bryman 2016). We used purpo-
sive sampling, selecting people in proportion to the numbers
in each user category at each site (Table S3), and aiming for
representation of sex and age classes where possible. At sev-
eral of our sites, the numbers of people present were small,
allowing sampling of most or even all users.

We chose underwater visual census as implemented in the
global Reef Life Survey (RLS) program for the ecological
part of our study (RLS 2016). RLS uses highly trained vol-
unteers and scientists to gather fish, invertebrate and habitat
data on shallow reefs, and has been used in many studies
around the world (for example, Edgar et al. 2014). RLS
data include size-classed abundances of all visible fishes,
abundances of all visible mobile macroinvertebrates, and
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Fig.2 Study sites spanning five
States (jurisdictions) in southern
Australia. Numbers indicate the
number of sites in each region

Western
Australia

twenty photo-quadrats of habitat along each 50 m transect.
We verified that the RLS dataset contained ecological data
aligned with the top three categories of marine life that were
mentioned as important by participants in interviews; fish,
algae and seagrass (habitat data set) and marine mammals
(included in the “fish” data set).

Data collection

We gathered social data over a 15-month period commenc-
ing in March 2018. Due to the practical limitations inher-
ent in covering large distances in Australia, we travelled
primarily from east to west, surveying NSW then Victoria,
Tasmania, South Australia and Western Australia. To check
for the influence of seasonal effects, we completed our final
site and social surveys once we had looped back to NSW and
confirmed that site usage figures did not vary significantly by
season (PERMANOVA p > 0.05). In total, 190 site surveys
and 439 interviews were conducted during daylight hours
over a mix of weekdays and weekends. The interview guide
is provided in Table S2. We prompted for stewardship activi-
ties using the categories in the Local Environmental Stew-
ardship Indicator (Turnbull et al 2020b and Table 2). The
average duration of each site visit was 97 min. Interviews,
which typically took 15 min each but in some cases lasted
up to 45 min, passed the point of theoretical saturation by
the end of the project (Bryman 2016).

Due to the large public Reef Life Survey database we
were able to incorporate retrospective ecological data span-
ning 6 years. We chose this period as a balance between the
duration of participants’ experience at a site and the duration

Victoria °

Tasmania%

of our study. We included a total of 625 RLS fish surveys,
556 invertebrate surveys and 1971 photo quadrats in our
study.

Analysis

Our approach followed grounded theory, one of the most
widely applied analytical approaches in the study of qualita-
tive data (Bryman 2016), identifying and developing con-
cepts via structured analysis and inductive reasoning over
the course of our research (Glaser et al. 1968). We evaluated:
the perceptions, values, motivations and stewardship actions
of people; policy settings in the form of levels of protec-
tion; and ecological health factors including biodiversity and
abundance of fish, invertebrates and algae at each site.

We used a combination of indicators incorporating Lik-
ert scales (agreement/disagreement), frequency scales (how
often an activity was performed or observed) and categorical
coding of open and closed questions during each interview
(Bryman 2016). Responses to open questions were recorded
by a combination of audio recordings and in situ written
transcripts and were later coded and analysed in nVivo soft-
ware version 12 (QSR 2018). Further classifications were
created, for example locals vs. visitors, based on self-report-
ing or observation. Signage was classified as compliance
(e.g., relating to fishing regulations) or marine life (e.g.,
celebrating the local fauna).

To understand relationships between social factors
and ecological condition, we conducted Gaussian linear
mixed-effects models (LMM) via the LME4 package
in R (R Core Team 2018). Response variables were the
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Table 2 Stewardship action categories, proportion of participants who reported actions in each category (%), and examples of quotations (with

participant reference number)

Stewardship category % Example quotations

Sustainable use 18

“I just take fish for the table and no more” (36)

“You make sure you’re not in the marine reserve when you fish” (102)
“I always catch and release” (105)

Education 41

“I’m looking to contribute, to educate others, now I’m retired” (255)

“I educate kids on how to care for (this place) and the importance of animals” (360)
“The beauty of the environment here is an opportunity to educate others” (420)

Advocacy 19

“I’m an environmental advocate. We only act locally” (181)

“Reserves have a positive impact, any argument to the contrary is absurd. I support them and I'm a

fisher” (219)

“I enjoy bird counting. My data can influence decision-makers” (362)

Informal enforcement 21

“I have approached people and said ‘that’s an undersize fish’ but you have to be careful” (70)

“We always call out if we see fishing boats; I have the fisheries hotline on speed dial” (95)
“It’s worthless to have reserves if they don’t restrict fishing, so we have to enforce reserves” (281)

Monitoring 15

“I count the number of people with a clicker, and write down the species that are seen each day” (2)

“I take photos for iNaturalist” (64)
“We do the nudibranch census here each year” (101)

Preservation 28

“I like to preserve it, to let the marine life recover” (12)

“I learnt to look after the environment in Scouts, to keep it pristine” (293)
“You have to respect what you’ve got, not damage things, so you can come back” (322)

Restoration 75

“T always take three for the sea” (95)

“We’re an active group that has been cleaning up the beach” (96)
“I bring the grand-kids here to do clean-ups” (255)

Categories are based on Turnbull et al (2020a)

richness, abundance and biomass of fish, invertebrate and
habitat communities, and predictor variables were local
stewardship and protection level. We included random
intercepts for Year (6 levels), State (5 levels), and Site
(56 levels), where Site was nested in State and Year. Data
were log-transformed to meet the assumptions of homoge-
neity of variance. Fish biomass was calculated using con-
stants from the allometric growth equation Biomass=aL"
(Froese 2017). We used Collaborative and Annotation
Tools for Analysis of Marine Imagery (CATAMI) guide
version 1.2 (Althaus et al. 2013) to analyse habitat to
the morphotaxa level in CoralNet (Beijbom 2012) as we
were most interested in the visible and structural aspects
of habitat.

Stewardship was calculated for each participant as
a continuous variable based on the reported frequency
of the seven stewardship actions using the Local Envi-
ronment Stewardship Indicator (LESI) (Turnbull et al.
2020b) (Table 2). We calculated site stewardship levels
as the maximum stewardship score across all participants
at a site, due to the importance of “uber-stewards” in
directly and indirectly influencing local ecological and
social outcomes (Turnbull et al. 2020a).

This study was conducted under the ethics approval of
the University of NSW, permit HC180044

@ Springer

Results
The sustainability spiral

Our findings are summarised in a new empirically
grounded framework comprising a conceptual diagram
and spiral model which we name the Sustainability Spiral.
The conceptual diagram (Fig. 3a) portrays a virtuous cycle
in which institutional and local stewardship combine to
improve ecological outcomes, which in turn motivate fur-
ther stewardship. Multiple iterations of this cycle are por-
trayed in the new spiral model, enabling visualisation of
progress towards sustainability goals over time (Fig. 3b).

Empirical support for the sustainability spiral

Overall 48% of our sample identified as female, 58% of
participants regarded themselves as local, participants had
been coming to their site for an average of 14.8 years and
had visited 7.3 times in the last month. The majority (89%)
of participants reported undertaking one or more steward-
ship actions at their site (Table 2).
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Fig. 3 Sustainability spiral model; a conceptual diagram in which the
people-policy sub-cycle empowers local stewardship and improves
the effectiveness of institutional stewardship, which combine to drive
ecological outcomes in the main social-ecological virtuous cycle.
Ecological outcomes result in improved ecosystem services and val-
ues, which motivate further stewardship; b spiral model represent-
ing multiple iterations of the virtuous cycle over time, progressing
towards sustainability goals

When asked to elaborate on the motivation for their
stewardship actions, 91% indicated one or more com-
ponents of the virtuous cycle (Table 3), and almost half
(43%) acted to achieve ecological outcomes alone such as
protecting marine life from harm. Favoured marine life
were primarily fish (valued by 26% of participants) fol-
lowed by algae and seagrass (10%), marine mammals (9%)
and birds (8%). People who fished at their site valued fish

the most (valued by 42% of fishers). Whilst non-fishers
talked more generally about marine life or wildlife (30%),
their focus on fish as favoured marine life was still high
23%).

Over one quarter (27%) of people were motivated by
social outcomes alone such as swimming in water free of
debris, and 30% were motivated by both social and eco-
logical factors, effectively describing both directions of the
virtuous cycle and in many cases longer term sustainabil-
ity outcomes (Table 3). Over half (55%) of stewards were
motivated by sustainability or related long-term concepts
such as preservation for future generations, integrity of
nature or ecosystems and reducing unsustainable human
impacts.

Our quantitative analyses provided correlative support
for this virtuous cycle. Sites with higher maximum local
stewardship levels and higher institutional stewardship
(fully protected areas) were associated with significantly
more fish biomass (Fig. 4c, d). We detected no significant
improvement in fish diversity or biomass in partially pro-
tected areas compared to open areas. Participants reported
undertaking higher levels of local stewardship action at sites
with more diverse habitat and when they perceived better
marine life at a site (p < 0.05 for all results, Fig. 4e, f, and
Table S3).

Participants also undertook stewardship actions as a
result of the presence of, and to improve the effectiveness
of, their local marine protected area. These are generally
represented by empowerment and informal enforcement
arrows in Fig. 3a, respectively. Stewardship was signifi-
cantly higher in fully protected areas than in partially pro-
tected areas and open areas, but there was no significant dif-
ference in stewardship between partially protected areas and
open areas (Fig. 4a and Table S3). Empowerment included
having effective rules to enforce in fully protected areas,
enabling the connection between shore and marine life,
and valuing and preserving fully protected areas (Table 4).
Informal enforcement was undertaken by over one fifth
(21%) of participants (Table 2) and took the forms of docu-
menting transgressions, speaking with people breaking the
rules and sometimes reporting them. Signage also appeared
to correspond with increased stewardship of sites, with sig-
nificantly higher maximum stewardship levels at sites that
had more signs promoting local marine life (Fig. 4b and
Table S3).

Discussion
The Sustainability Spiral portrays the mutual interde-

pendency of social and ecological domains in progress-
ing towards sustainability through time, over multiple
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Table 3 Examples of motivations for stewardship, in response to the question “why do you (take these stewardship actions)”?; ecological, social

and both; with participant reference number

Ecological motivations (n=172)

Social motivations (n=109)

Social-ecological motivations (n=120)

“Because it’s harmful to animals. I’ve seen
awful impacts on marine life” (237) 17)

“To help the ocean; humans are mindlessly
exploiting it” (257)

“So we don’t ruin nature and contribute to its
destruction” (274)

“So the animals don’t eat pollution” (347)

“Safeguard the environment” (403)

“To take care of my local and preserve diver-
sity” (410)

(106)

natural” (123)

“It’s a privilege to swim here and see fish”
“Preserve it for our children” (48)
“The ocean takes care of us” (79)

“The diving is important for my business”

“This place is free pleasure, I want to keep it

“For future generations of animals and humans”
(29)

“For the integrity of ecosystems, and human
health” (59)

“For sustainability and sustainable fisheries, to
avoid animals ingesting plastic” (138)

“Care for the habitat, so other creatures can use
it, and other people can enjoy it” (197)

“It’s part of who I am” (275) “Minimal impact is the future, it’s the only way

to sustain life” (244)

“It’s part of the circle of life” (246)

“Water is life, we share a connection with the
ocean” (288)

Longer term sustainability outcomes, aligned with SDGs (Table 1), are underlined

virtuous cycles. It conveys the dynamic, adaptive nature
of social-ecological relationships (Chapin III et al. 2010;
Folke et al. 2016) in general terms, describing how effective
stewardship moves virtuous cycles upwards towards sus-
tainability, whilst poor stewardship and overexploitation of
natural systems result in downward vicious cycles towards
unsustainability.

The spiral model is an important contribution to the
conceptualisation of stewardship. Existing theoretical
models rely on the two-dimensional closed-loop frame-
work and show the relationship between virtuous cycle
components, but make it difficult to visualise changes in
the status of these components over time. Reframing stew-
ardship to recognise its dynamic, transformative nature
is an essential step towards achieving conservation and
sustainability goals (Chapin III et al. 2010; Mathevet et al.
2018).

The Sustainability Spiral enables visualisation of the
direction of progress and position in time for sustainability
overall, or at a more discrete level such as a particular SDG
or target. For example, the goal of Life Below Water (SDG
#14) includes the target of protection of 10% of marine
and coastal ecosystems by 2020. The Sustainability Spiral
can be applied for this one component alone, visualised by
placing the 10% goal at the top of the spiral and noting the
current position at points in time on the vertical dimension
[4.4% in 2015 and 7.4% in 2020 (UNEP-WCMC 2020)].
The model then encourages elaboration of the stewardship
actions that are required (for example, steps to increase the
area of ocean under protection and enable local commu-
nity support) and the values and ecosystem services that
motivate progress towards the goal (for example, more fish
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diversity and biomass, sustainable supply of protein and
tourism revenue).

Stewardship

Numerous studies have found that effective institutional
stewardship, in the form of well-managed fully protected
areas, results in higher fish biomass and diversity (Cos-
tello and Ballantine 2015; Edgar et al. 2014; Turnbull
et al. 2018). Our study builds on these results to show that
institutional stewardship combines with the stewardship
actions of people in the community to result in an even
stronger positive association for fish biomass (Fig. 4c).
This is in keeping with studies in other settings, for exam-
ple co-management of tropical reefs (Cinner et al. 2012;
Pollnac et al. 2010).

The most frequently reported stewardship action among
participants in our study was restoration (75% of partici-
pants), primarily through cleaning up debris, followed by
educating others (41% of participants) (Table 2). These
represent direct and indirect stewardship actions, respec-
tively, with the former impacting directly on the environ-
ment and the latter potentially raising local stewardship
levels by influencing the actions of others (Bennett et al.
2018). The high rates of stewardship reported in our study
reflect our broad measure, encompassing seven actions, and
provide evidence of substantial pro-environmental behav-
iour despite the recognised gap between human values,
intentions and actual behaviour (Kollmuss and Agyeman
2002). Overall, 89% of participants were motivated to act
on their values and intentions to undertake some form of
stewardship.
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Positive local signage relating to marine life, for exam-
ple showing “what lives here”, was significantly related to
higher levels of stewardship (Fig. 4b). Previous studies have
found that signage can influence pro-environmental behav-
iour (Martin et al. 2017; Marschall et al. 2017) although
the effect can vary depending on presentation, content and
placement (Martin et al. 2015). Such signage may flag the
presence of social or collective norms for stewardship and,
together with compliance signage, may signal the exist-
ence of policies focused on preservation vs. exploitation
(Goldstein and Cialdini 2007). Social norms can provide
a mechanism to reduce consumption of shared resources,
for the collective good (Levin 2006). We found no signifi-
cant relationship between local stewardship and compliance
signage (signs explaining the rules); however, compliance
signage does improve awareness of regulations (Turnbull
et al., 2021) and may, therefore, still act indirectly on eco-
logical outcomes.

Ecological outcomes

The most direct ecological outcome of combined institu-
tional and local stewardship—more fish—appears to also
be the most socially valued ecological factor on the virtuous
cycle, and is, therefore, the primary basis for the empirical
support for our model (Fig. 4). Participants also valued and
were motivated by broader sustainability outcomes including
the welfare of and reduction of harm to animals in general,
keeping a place ‘natural’ or ‘pristine’, and protection from
overexploitation and pollution (Table S5). Key supporting
themes included the fragility of the environment and the
need to respect and care for it, the unsustainable level of
human impact, and resulting degradation of ecological integ-
rity, health, abundance and diversity.

Valuing marine life generally, and fish more specifically,
was driven primarily by aesthetic, non-extractive reasons.
Liking, beauty, nature and watching were all more prevalent
as reasons for favouring marine life than catching or eating
fish. This reflects the diverse range of coastal users, 82% of
which did not fish in the context of our study, and highlights
the importance of considering such non-consumptive stake-
holders in coastal studies (Farr et al. 2014)

Social outcomes

Over half of participants reported undertaking stewardship
of the environment to achieve social outcomes such as the
enjoyment of observing wildlife, human benefits based on

our dependence on nature, identity, preservation for future
generations and business (Table S6). Aesthetics, cleanliness
and families were key themes in valuing and caring for the
environment, as well as directly experiencing wildlife in its
natural habitat (Table S6).

These social factors were enabled by healthy natural
ecosystems, perpetuated and improved by ongoing steward-
ship (Fig. 3), as represented in the Sustainability Spiral. Our
quantitative results aligned with these findings via the sig-
nificant relationship between more diverse habitat and the
level of local environmental stewardship. We also found a
significant positive relationship between the perception that
local marine life is better than surrounding areas and higher
stewardship activity. Multiple theories propose that behav-
iour is the result of values and perceptions, for example the
Theory of Planned Behaviour (Ajzen 1991), supporting a
potential direction of causality from ecological improvement
to perception of this improvement and finally stewardship
behaviour.

Policy and management implications

Policies for sustainability through institutional steward-
ship, in the form of fully protected areas, empowered local
stewardship and directly improved ecological outcomes in
our study. Policies, therefore, synergised with the actions
of local community stewards to deliver an even stronger
virtuous cycle (Fig. 3a). Protection-related policies were
highlighted as important enablers of sustainability by par-
ticipants undertaking stewardship, including the presence
of protected areas in general and fully protected areas in
particular (10% of participants each), effective rules and
regulations (7%), effective management (6%), enablement
of science and research (3%) and prevention of user conflict
through zoning (3%).

Fully protected areas were associated with higher
levels of maximum and individual local stewardship
(Table S4), enabling the realisation of the desire for
improving ecological health. They empowered local
stakeholders to undertake advocacy, education, and infor-
mal enforcement (Table 2). Informal enforcement, both
alone and in combination with formal enforcement, can
improve the effectiveness of protected areas (Santis and
Chéavez 2015). Empowerment at individual and collective
scales is essential for the transformation that is necessary
to achieve global sustainability (Andrijevic et al. 2020;
Messerli et al. 2019).

One component of our model—the policy-to-place rela-
tionship—is well documented in other studies (for exam-
ple, Edgar et al 2014) and so the direction of causality is
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«Fig.4 Linear model plots of quantitative empirical support for the
virtuous cycle of the Sustainability Spiral with bands showing stand-
ard error; a higher participant stewardship levels empowered by fully
protected areas (p=0.027); b higher maximum stewardship levels
at sites with more marine life-related signage (p=0.034); c higher
big fish biomass at sites that have high maximum local steward-
ship, grey: all sites and red: fully protected areas only (P, e =0.03
and pg,, =0.009); d higher big fish biomass in fully protected areas
(p=0.05); e higher stewardship levels at sites with more diverse habi-
tat (p=0.033); f higher stewardship activity when participants per-
ceived better marine life at a site (p =0.007); and g significant results
mapped onto the Sustainability Spiral conceptual diagram by their
panel letters (a—f)

supported in the literature. The other four relationships all
entail social factors which we support in this study with
qualitative evidence in Tables 3 and 4 to support our inter-
pretation of causality. Further research may target each of
these relationships to further explore them with new statisti-
cal methods and designs.

We designed our study to focus on local contexts and
draw conclusions in aggregate at a semi-continental scale.
Our qualitative results provide insight into individuals and
their motivations at the local level, and our quantitative
results provide evidence for the large-scale relationships
between people, policy and place. Global environmental
problems need action at multiple scales (Sterner et al. 2019)
but solutions are often best implemented at local scales
(Duarte et al. 2020). Our study illustrates the operation of
virtuous cycles via people undertaking stewardship at their
local coastal place, enabled by effective higher level policy.

Whilst we developed our model for broad application, our
general language may need refinement to suit the prevail-
ing terminology in other settings. We distinguish between

local stewardship—arising from the motivations and actions
of individuals and groups at a local level; and institutional
stewardship—driven by higher level authorities through
policy and regulation. These terms are in keeping with
prior research such as the co-management of tropical marine
social-ecological systems (Cinner et al. 2012), although the
two forms of stewardship may be hybridised as combined
customary and modern management institutions (Cinner and
Aswani 2007). We believe further research is warranted to
explore the concepts, framings and dynamics of virtuous
cycles in other social-ecological contexts.

Conclusion

Today, human society and our biosphere urgently need to
achieve sustainability through effective earth stewardship
(Folke et al. 2016; Steffen et al. 2011). In this study, we
conclude that effective institutional and local stewardship
can drive iterative virtuous cycles of improving social and
ecological outcomes, which over time may progress towards
sustainability. Pursuit of the UN 2030 Agenda requires
such virtuous cycles to conserve and protect wildlife and
the environment, maintain natural resources and preserve
the long-term integrity of our social-ecological systems.
This depends on more positive, generally applicable ways
of conceptualising social-ecological systems, such as the
Sustainability Spiral. Such framings are essential to engage
and facilitate collaborations with stakeholders, enable trans-
formation, and pursue mutually desirable outcomes for a
sustainable future.

Table 4 Examples of policy-related explanations offered by participants regarding their stewardship actions and why they were undertaken, with

participant reference number in brackets

Empowerment (n=35)

Informal enforcement (n=92)

“Because it’s a sanctuary zone. It’s connected—shore to marine life”
(435)

“Because (the fully protected area) should be enforced; we want to have
places protected” (235)

“Our sanctuaries are so small, any transgression is a big issue” (183)

“Because it’s precious to have a marine park so close to the city, with
wild animals in it” (256, in a fully protected area)

“To preserve the area, because it’s a fish sanctuary” (272)

“(The partially protected area) should be a sanctuary... at the moment
the only protections the marine life receive... is from locals defending
fish, gastropods and weed themselves” (19)

“We always call out if we see fishing boats; I have the fisheries hotline
on speed dial. I often take photos of boats fishing in the reserve.”
98)

“A fishing boat came in early in the morning, they were standing there
in the middle of the bay, blatantly fishing. We yelled at them and told
them there were big fines, and they moved” (2)

“I ask people not to spear the fish” (278)

“You can only go down and try to explain the situation to people, even
if they give you a gobful.” (17)

“A family was fishing off rocks in the reserve, I spoke to them” (282)
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