
Mapping actor diversity is essential for advancing global seagrass conservation 1 

 2 

Benjamin L.H. Jones1,2,*, Lucy Coals1, Salomão O. Bandeira3, Nathan J. Bennett4,5,6, Steven 3 

W.J. Canty7, Lucy Coals1, Maricela de la Torre-Castro8, Gabriel D. Grimsditch9, Nicholas M. 4 

Hoad10, Johannes R. Krause11, Karine M. Magalhães12, Anouska F. Mendzil1,13, Irene Olivé14, 5 

Rachel Seary15,16, Lindsey S. Smart17, Oliver R. Thomas1, Melissa Ward18, Noura Al-6 

Mansoori19, Victor Mwakha Alati20, Nessrine Alzahlawi19, Ross E. Boucek21, Joseph S. 7 

Boyle22,23, Lyle Boyle1, Jessa Marie S. Caabay24, Antonio J. Castro25, Himansu Sekhar Das19, 8 

Akbar A. Digdo26, Carl Gough27, Richard J. Lilley28,29, Len J. McKenzie30, Lina Mtwana 9 

Nordlund10, Jillian L.S. Ooi31, Jennifer S. Rehage2, Ana I. Sousa32, Flo Taylor1, Susantha 10 

Udagedara33, Vedharajan Balaji 34, Sebastian Villasante35, Sieglind Wallner-Hahn10 11 

 12 
1 Project Seagrass, Bridgend, CF31 2AQ, United Kingdom 13 
2 Department of Earth and Environment, Institute of Environment, Florida International University, 14 
Miami, Florida 33199, United States 15 
3 Department of Biological Sciences, Eduardo Mondlane University, Maputo 1100, Mozambique 16 
4 Global Science, WWF, Washington & Gland, 20037 & CH-1196, USA & Switzerland 17 
5 People and the Ocean Specialist Group, Commission on Environmental, Economic and Social Policy, 18 
International Union for the Conservation of Nature, Gland, CH-1196, Switzerland 19 
6 Institute for the Oceans and Fisheries, University of British Columbia, Vancouver, V6T 1Z4, Canada 20 
7 Tennenbaum Marine Observatories Network and MarineGEO, Smithsonian Institution, Edgewater, 21 
Maryland, 21037 United States 22 
8 Department of Physical Geography, Stockholm University, Stockholm 106 91, Sweden 23 
9 Marine and Coastal Ecosystems Unit, Ecosystems Division, United Nations Environment Programme, 24 
Nairobi 30218-00100, Kenya 25 
10 Department of Earth Sciences, Natural Resources and Sustainable Development, Uppsala 26 
University, Visby, Sweden 27 
11 Institute of Environment, Florida International University, Miami, Florida 33199, United States 28 
12 Biology, Universidade Federal Rural de Pernambuco, Recife, Pernambuco, 52171-900, Brazil 29 
13 Department of Biosciences, Faculty of Science and Engineering, Swansea University, Swansea, SA2 30 
8PP, United Kingdom 31 
14 Department of Integrated Marine Ecology, Stazione Zoologica Anton Dohrn, Naples, 80121, Italy 32 
15 Durrell Institute of Conservation and Ecology, School of Natural Sciences, University of Kent, 33 
Canterbury, Kent, CT2 7NZ, United Kingdom 34 
16 Institute of Marine Sciences, University of California, Santa Cruz, Santa Cruz, California 95064, 35 
United States 36 
17 The Nature Conservancy, Arlington, Virginia, United States 37 
18 Windward Sciences, San Diego, California 92103, United States 38 
19 Environment Agency - Abu Dhabi, Abu Dhabi, United Arab Emirates 39 



20 Kenya Marine and Fisheries Research Institute, Mombasa, P.O. Box 81651-80100, Kenya 40 
21 Bonefish & Tarpon Trust, Miami, Florida 33133, United States 41 
22 Kilómetro Uno, Tijuana, Mexico 42 
23 School of Geography and the Environment, The University of Oxford, Oxford, OX1 3QY, United 43 
Kingdom 44 
24 C3 Philippines, Busuanga, Palawan, 5317, Philippines 45 
25 Department of Biology and Geology, Andalusian Center for Global Change - Hermelindo Castro 46 
(ENGLOBA), University of Almería, Almería, Spain 47 
26 YAPEKA, Bogor, West Java, 16153, Indonesia 48 
27 Seagrass Network Cymru, Bridgend, CF31 2AQ, United Kingdom 49 
28 Groningen Institute for Evolutionary Life Sciences (GELIFES), Linnaeusborg, University of 50 
Groningen, Groningen, Groningen, 9747 AG, The Netherlands 51 
29 The Ocean Gardeners, Mios, Gironde, 33380, France 52 
30 Centre for Tropical Water and Aquatic Ecosystem Research (TropWATER), James Cook University, 53 
Cairns, Queensland 4870, Australia 54 
31 Department of Geography, Faculty of Arts and Social Sciences, Universiti Malaya, Kuala Lumpur, 55 
50603, Malaysia 56 
32 ECOMARE, CESAM - Centre for Environmental and Marine Research, Department of Biology, 57 
University of Aveiro, Aveiro, 3810-193, Portugal 58 
33 Blue Resources Trust, 86 Barnes Place, Colombo 7, Sri Lanka 59 
34 OMCAR Foundation, Velivayal, Tamil Nadu, India 60 
35 EqualSea Lab-CRETUS, University of Santiago de Compostela, Santiago de Compostela, 15782, 61 
Spain 62 
 63 

*Senior and corresponding author: ben@projectseagrass.org   64 

 65 

Lead Contact: ben@projectseagrass.org  66 

 67 

mailto:ben@projectseagrass.org
mailto:ben@projectseagrass.org


SUMMARY 68 

Seagrass conservation is increasingly organised around global agendas for protection, 69 

restoration, climate mitigation, biodiversity recovery and nature-positive finance. The actor 70 

systems that determine whether these agendas succeed remain poorly described, if at all. 71 

We developed a heuristic actor-centred framework for seagrass social-ecological systems, 72 

combining a literature scan with expert-informed scoring of 22 actor profiles across nine 73 

attributes. Actor-relevant seagrass research was concentrated around governance, pressure 74 

and dependent actors, while intervention and finance actors were rarely foregrounded. More 75 

importantly, material leverage, literature visibility and accountability were misaligned. Several 76 

actors with high capacity to shape seagrass outcomes, including fisheries managers, 77 

donors, government agencies, and commercial fisheries actors, were less visible than their 78 

potential influence suggests. We identify recurrent authority-dependence, impact-visibility 79 

and finance-accountability asymmetries that reveal hidden leverage points for conservation. 80 

Seagrass conservation must move beyond generic stakeholder language towards actor 81 

mapping that links ecological recovery with authority, incentives, legitimacy, knowledge and 82 

accountability.83 



INTRODUCTION 84 

Conservation is increasingly understood as a problem of governing relationships among 85 

ecosystems, people and institutions. Social-ecological systems theory shows that most 86 

environmental outcomes emerge from interactions among resource systems, resource users, 87 

governance arrangements, and broader social and economic context.1 Similarly, the 88 

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) 89 

moves conservation beyond a focus on ecological stocks and flows towards the diverse 90 

values, institutions and decisions through which nature becomes meaningful, contested and 91 

governed.2,3 Across conservation contexts, this shift has placed actors, their roles, and their 92 

relationships with ecosystems at the centre of explaining environmental outcomes.4-6 93 

 94 

Inclusion of diverse actors is recognized as central to the achievement of equitable and 95 

effective conservation and management. Local actors are not peripheral stakeholders to be 96 

consulted after ecological priorities are set but are part of the system through which 97 

conservation and management problems are defined, interventions are chosen and outcomes 98 

are produced. 7 In small-scale fisheries, policies that treat small-scale actors as homogeneous 99 

can miss the diversity of assets, markets, institutions, access arrangements and livelihood 100 

strategies that underpin blue food systems.8 Marine social science makes a similar case for 101 

ocean governance, where equity, recognition, rights, inclusion and justice shape which actors 102 

benefit from conservation and development interventions.9,10 Patterns of social and cultural 103 

practices are increasingly understood as central to ocean governance,11-14 and participatory 104 

research methods are an effective means of bringing social and ecological information to 105 

light.15,16 Research with Indigenous Peoples, and local communities, has shown that 106 

participation is not a single condition, but a continuum of roles, rights, influence and authority 107 

that shape social and ecological outcomes.5 These arguments mark a wider shift in 108 

conservation science and practice with an increasing recognition of the inseparability of 109 

humans and nature and the complexity of their relations.17,18 110 

 111 

Seagrass meadows have just started to receive attention in research on participation of 112 

diverse actors in conservation. Increasingly, they are visible in global policy and discussions 113 

about biodiversity and climate mitigation,19-21 reflecting a major increase in their charisma due 114 

to advances in ecological knowledge.22 Seagrass science has mapped global distributions,23 115 

documented decline and recovery trends,24 quantified carbon stocks,25 described ecosystem 116 

services,26 assessed threats,27 and developed restoration methods across a growing range of 117 

species and settings.28 In practice, the field has become increasingly sophisticated in 118 

describing seagrass meadows but remains far less developed in describing the actors, values, 119 

and institutions that shape their futures. 120 



 121 

Broadly, this is a conceptual limitation in how seagrass conservation is framed. Within science, 122 

policy and the media, seagrass meadows are commonly represented as carbon sinks to 123 

preserve, biodiversity features to protect, or ecosystems to restore. These framings have 124 

helped make seagrass legible to policy, climate finance and restoration agendas,20,29,30 but 125 

they also narrow the field of view. These framings a) obscure who governs coastal access, b) 126 

obscure values, rights, claims and benefit-sharing, c) obscure the social and institutional 127 

conditions that determine whether conservation and restoration are successful, and d) identify 128 

pressures without identifying the actors and incentives that produce them. 129 

 130 

Seagrass conservation is therefore not only a question of meadow assets and condition, but 131 

also a question of social and institutional context. The dependencies, values, roles, actions, 132 

and positions of diverse actors is of relevance to whether and how seagrass is conserved or 133 

managed. This is because the people and institutions connected to seagrass (‘actors’) differ 134 

in how they depend on meadows, how they affect ecological processes, how much authority 135 

they hold, what knowledge they produce, what finance they control, how visible they are, and 136 

whether they are accountable for outcomes. These differences are often obscured when 137 

diverse actors are grouped under the generic umbrella of “stakeholders.”31,32 138 

 139 

Conservation actions and outcomes are shaped by asymmetries among actors. Those with 140 

the deepest dependence on seagrass may have limited visibility as resource users,33 which 141 

may limit their authority over coastal decisions, while those with the greatest influence over 142 

water quality, coastal infrastructure or finance may not recognise themselves as seagrass 143 

actors. Furthermore, the influence of similar kinds of actors may vary spatially, such as farmers 144 

next to watercourses, or fishers whose grounds correspond more closely with seagrass. In 145 

addition, those able to shape narratives, public attention or funding priorities may have limited 146 

accountability for long-term ecological persistence or local benefit. These mismatches in 147 

influence, accountability and recognition are not secondary to seagrass conservation. Rather, 148 

they may help explain why ecological knowledge does not always translate into durable, 149 

equitable or effective action. 150 

 151 

Despite the high proximity of human populations to seagrass meadows,34 there has been 152 

limited attention to understanding and mapping the diverse actors who can shape seagrass 153 

conservation. Seagrass conservation needs this stronger social-ecological science approach. 154 

It is important to understand not just who actors associated with seagrass are, but also to 155 

characterize their diverse profiles, levels of influence, and asymmetries in shaping 156 

conservation actions and outcomes. Drawing on social-ecological systems theory,1 157 



stakeholder salience theory,32 conservation planning and protected area research,4,12 social 158 

equity and blue economy research,9,35 and actor-profile approaches from aquatic food 159 

systems,8 here we map the diverse actors who shape global seagrass conservation. We use 160 

actor profiles as analytical tools to identify the recurring social-ecological attributes that 161 

determines who governs, pressures, restores, finances, studies, narrates and ultimately 162 

shapes global seagrass futures. 163 

 164 

RESULTS 165 

A six-actor family framework for seagrass social-ecological systems 166 

We defined six actor families that recur across seagrass social-ecological systems, informed 167 

by both prior literature, and practical experience working with these systems: dependent 168 

actors, pressure actors, intervention actors, governance actors, finance actors, and 169 

knowledge and agenda-setting actors (Table 1). Broadly, these actor families describe 170 

different positions within seagrass conservation rather than fixed stakeholder identities, and 171 

certain actors may occupy multiple positions at once. For example, a fisher may also be a 172 

citizen scientist, a restoration volunteer or a customary governance actor, a conservation NGO 173 

may produce knowledge, implement restoration, mobilise finance and influence policy, and a 174 

government agency may regulate, fund, monitor and narrate conservation. 175 

 176 

The framework is therefore intended to reveal the actor’s central position, not provide an 177 

exhaustive census of all seagrass actors. Specifically, it captures distinct ways in which 178 

societies and institutions depend on seagrass, affect seagrass condition, govern access and 179 

rules, finance action, implement interventions, produce knowledge and shape public or policy 180 

narratives. 181 

 182 

Actor-relevant seagrass literature is fragmented across themes and pathways 183 

To examine how these actor families appear in seagrass research, we conducted a broad 184 

literature scan on Web of Science using seagrass terms combined with actor-oriented terms 185 

(see Methods). We applied conservative title-and-abstract coding to identify records with clear 186 

actor relevance, their primary actor theme and their primary conservation pathway. This scan 187 

was not designed as a systematic review, but as a literature mapping exercise to understand 188 

how actor language is used and distributed across seagrass research. 189 

 190 

Of the 2,839 records screened, 1,129 were classified as actor-relevant, 1,067 as partially 191 

actor-relevant and 643 as not actor-relevant. Within the actor-relevant literature, governance 192 

actors were the most frequently identified theme (n = 478), followed by pressure actors (n = 193 

364) and dependent actors (n = 179). Knowledge and agenda-setting actors were less 194 



common (n = 67), while intervention actors (n = 21) and finance actors (n = 20) were rarely 195 

the primary actor theme. This does not mean intervention and finance actors are unimportant; 196 

rather, it suggests they are rarely foregrounded as primary actors in seagrass research. The 197 

actor-relevant literature included articles on themes such as stakeholder perceptions and 198 

ecosystem services, 36,37 tourism and recreation,38 governance and policy barriers,39,40 199 

Indigenous and collaborative restoration practice,41 local knowledge and participatory 200 

mapping,42 data systems and monitoring,43,44 blue carbon and finance,45,46 and restoration 201 

implementation barriers.47 202 

 203 

Conservation pathways were defined as the main social-ecological process through which 204 

actors were linked to seagrass conservation, degradation, recovery or governance. Whereas 205 

actor themes identify the primary actor position foregrounded in a record, pathways identify 206 

the mechanism or domain of action. The coded conservation pathways were similarly uneven. 207 

Governance and policy was the most frequent pathway (n = 246), followed by fisheries and 208 

food systems (n = 226), knowledge and monitoring (n = 118), coastal development and spatial 209 

planning (n = 107), tourism and recreation (n = 99), water quality and catchment management 210 

(n = 97), protection and marine protected areas (n = 88), restoration and recovery (n = 79), 211 

rights and equity (n = 39), and blue carbon and finance (n = 30). 212 

 213 

This distribution shows that social dimensions of seagrass conservation are broadly 214 

recognised but remain biased towards certain actor themes and conservation pathways. The 215 

literature is most prevalent around governance, pressure and resource-use relationships, 216 

while intervention and finance actors are much less visible as primary actor themes. This 217 

pattern supports the need for a broader actor-centred framework. 218 

 219 

Expert-informed scoring reveals distinct actor profiles 220 

We scored 22 actor profiles across nine diagnostic attributes: dependence, direct pressure or 221 

impact, governance authority, financial influence, knowledge contribution, capacity to alter 222 

outcomes, narrative influence, accountability and visibility in seagrass policy or science 223 

(Figure 1; Table 2). These attributes draw on social-ecological systems theory, stakeholder 224 

salience and participation research, conservation power analysis, ocean equity research and 225 

actor-profile approaches in aquatic food systems.1,8,9,32,48 The resulting analytical framework 226 

encompassing 9 attributes of actors relevant to seagrass conservation is heuristic and 227 

simplifies actor diversity enough to support comparison, while retaining the social-ecological 228 

complexity needed for conservation planning. Thirty-five individuals completed the scoring 229 

activity gathering expertise across wide ranging disciplines and sectors related to seagrass 230 

conservation globally. 231 



 232 

 233 
Figure 1. Expert-informed actor profiles reveal distinct social-ecological positions in seagrass 234 
conservation. Radar plots show selected actor profiles scored across nine diagnostic attributes: 235 
dependence, pressure or impact, governance authority, financial influence, knowledge contribution, 236 
capacity to alter outcomes, narrative influence, accountability and visibility. Scores were assigned on a 237 
three-point ordinal scale, where 0 = low or absent, 1 = moderate, indirect or context-dependent, and 2 238 
= high, direct or central, and then averaged across experts. Selected profiles illustrate contrasts across 239 
dependent, pressure, intervention, governance, finance, and knowledge and agenda-setting actors. 240 
Point colours indicate actor family. 241 
 242 

Mean scores on individual attributes showed clear differences among actor families (Figure 243 

S1). Dependent actors, including small-scale fishers and gleaners, scored highest for 244 

dependence (mean = 1.6) and knowledge contribution (1.6), but much lower for governance 245 

authority (0.4) and financial influence (0.2). Pressure actors scored highest for direct pressure 246 

or impact (1.6), reflecting their capacity to alter meadow condition through physical 247 

disturbance, infrastructure, extractive activity, nutrient inputs or sediment pathways. 248 

Governance actors scored highest for governance authority (1.7), capacity to alter outcomes 249 

(1.7) and accountability (1.6). Finance actors scored highest for financial influence (1.9) and 250 



showed high narrative influence (1.4), but lower accountability (0.5). Knowledge and agenda-251 

setting actors scored highest for knowledge contribution (1.5), narrative influence (1.4) and 252 

visibility (1.3). 253 

 254 

Literature visibility and material leverage are misaligned 255 

Material leverage (ability to alter seagrass outcomes based on combining scores for authority, 256 

capacity, financial influence, and direct pressure) scores varied strongly among actor profiles 257 

(Figure S2). Government agencies and management authorities had the highest material 258 

leverage score (1.8), followed by MPA managers (1.6), port and marina developers (1.5), 259 

fisheries managers (1.4), water agencies and wastewater utilities (1.3), and large 260 

Environmental Non-Governmental Organizations (ENGOs) or global policy actors (1.3). These 261 

profiles combine different forms of influence: formal authority, implementation capacity, 262 

financial influence or direct pressure on ecological processes. 263 

 264 

Hidden leverage (ability to alter seagrass outcomes relative to literature visibility) was highest 265 

for fisheries managers (1.3), large ENGOs and global policy actors (1.3), restoration 266 

consultancies and businesses (1.0), philanthropic donors (1.0), and government agencies and 267 

management authorities (1.0; Figure 2). These actors had relatively high material leverage 268 

compared with their literature visibility. By contrast, some high-leverage actors were already 269 

highly visible in the literature (Figure S2), including MPA managers and port or marina 270 

developers. The mismatch therefore does not simply separate “visible” and “invisible” actors 271 

but identifies profiles whose capacity to alter and influence seagrass outcomes may exceed 272 

their explicit recognition in actor-relevant seagrass research. This suggests that some of the 273 

actors most important to ecological recovery sit partly outside the conventional seagrass 274 

conservation setting.11,37,40 275 

 276 



 277 
Figure 2. Hidden leverage identifies actor profiles whose capacity to shape seagrass outcomes 278 
exceeds their visibility in literature. Hidden leverage was calculated as material leverage minus 279 
rescaled literature visibility. Material leverage was estimated as the mean of four expert-scored 280 
attributes: pressure or impact, governance authority, financial influence and capacity to alter outcomes. 281 
Literature visibility was estimated as the number of actor-relevant records in which profile-specific terms 282 
appeared in titles or abstracts, then rescaled to the same 0 to 2 range as the expert-scored attributes. 283 
Positive values indicate actor profiles with greater potential leverage than explicit recognition in the 284 
literature, while negative values indicate profiles that are more visible relative to their material leverage.  285 
 286 

Actor asymmetries shape seagrass conservation 287 

The scoring exercise revealed four recurrent asymmetries (Figure 3). The first asymmetry was 288 

an authority-dependence gap. Dependence exceeded authority most strongly for gleaners and 289 

invertebrate collectors (-1.58), tropical small-scale fishers (-1.33), tourism and scuba-diving 290 

operators (-0.80), commercial fisheries actors (-0.77), and recreational fishing guides (-0.76). 291 

By contrast, authority exceeded dependence for port and marina developers (1.21), 292 

government agencies and management authorities (1.09), water agencies and wastewater 293 

utilities (0.74), and MPA managers (0.69). This pattern captures a central governance problem 294 

in that actors most directly connected to seagrass through food, livelihoods, place-based use 295 



or coastal activity may have limited authority over the decisions that shape and sustain the 296 

future of the very meadows on which their own futures depend. Their exclusion is not only 297 

unjust but also removes critical traditional and local knowledge from conservation design.5,8,9,49 298 

 299 

  300 
Figure 3. Directional asymmetries reveal mismatches between actor position and actor influence 301 
in seagrass conservation. Points show the difference between paired expert-scored attributes for 302 
each actor profile. Each panel title gives the paired attributes being compared. The dashed vertical line 303 
indicates approximate symmetry between attributes, whereas values further from zero indicate stronger 304 
asymmetry. Negative and positive values both indicate imbalance, but in opposite directions. For 305 
example, in the authority–dependence panel, negative values indicate that dependence exceeds 306 
authority, whereas positive values indicate that authority exceeds dependence. Colours indicate actor 307 
family. These scores are intended as diagnostic indicators of social-ecological mismatch rather than 308 
definitive measures of actor power.  309 
 310 

The second asymmetry was an impact-visibility gap. Direct pressure or impact exceeded 311 

expert-scored visibility most strongly for farmers and land managers (1.15), port and marina 312 

developers (1.07), recreational boat and yacht users (1.00), gleaners and invertebrate 313 

collectors (0.88), and water agencies and wastewater utilities (0.85). These actors can 314 

influence meadow condition through nutrient and sediment flows (Berger et al., 2022), 315 

infrastructure, physical disturbance or extractive use, yet may not always be recognised as 316 

central seagrass conservation actors. Pressure reduction therefore depends on changing the 317 



behaviours, duty, incentives or rules pertaining to actors who may sit outside conventional 318 

marine conservation institutions.40 319 

 320 

The third asymmetry was a finance-accountability gap. Financial influence exceeded 321 

accountability most strongly for philanthropic donors (1.46), finance investors (1.35), and large 322 

ENGOs or global policy actors (0.61). This does not mean these actors necessarily produce 323 

poor outcomes. However, it shows that actors able to shape funding priorities, investment 324 

pathways or public narratives may not be equally accountable for ecological persistence, local 325 

benefit, rights or long-term monitoring. Where accountability is weak, financial and narrative 326 

power can pull conservation towards visible, novel or marketable actions rather than those 327 

that are shown to support equitable, effective and durable social-ecological recovery.35,46,50 328 

 329 

A fourth knowledge-authority gap was strongest for gleaners and invertebrate collectors, 330 

scientists, data platforms, small-scale fishers and citizen scientists, reinforcing that knowledge 331 

contribution and decision authority are often held by different actors. These asymmetries may 332 

help explain why ecological knowledge of seagrass does not automatically translate into 333 

effective conservation actions and outcomes. In many cases, the limiting factor may be 334 

authority rather than information, incentives rather than awareness, institutional fit rather than 335 

ecological value, and accountability rather than ambition, much of which is centred around 336 

actor family power dynamics. 337 

 338 

DISCUSSION 339 

Mapping the actor system behind seagrass conservation 340 

Our analysis shows that seagrass conservation is shaped by distinct actor groups whose 341 

different profiles influence whether conservation action is possible, legitimate and durable. We 342 

identify six broad actor families, show that their visibility in the seagrass literature is uneven, 343 

and demonstrate that material leverage, literature visibility and accountability do not always 344 

align. As conservation agendas converge on 2030, seagrass conservation is being asked to 345 

deliver across multiple overlapping goals, including area-based protection, ecological 346 

restoration, blue carbon, biodiversity recovery, monitoring and nature-positive finance. Yet the 347 

actors who determine whether these agendas become durable outcomes are often distributed 348 

across different sectors, jurisdictions and scales. This creates a central challenge for the next 349 

phase of seagrass conservation: ambitions may be global, but delivery depends on actor 350 

systems that are local, sectoral, politically fragmented and unevenly accountable. 351 

 352 

This finding addresses a central gap in seagrass social-ecological science. Over the last two 353 

decades, seagrass science has developed a sophisticated ecological vocabulary. We now 354 



describe decline trajectories, carbon stocks, anthropogenic pressures and restoration 355 

bottlenecks with increasing precision.24,25,27,51 Increasingly, social contexts and 356 

understandings are informing planning, capacities, and appropriate actions for seagrass 357 

conservation.36,38,52 However, we are still less able to describe the actor systems and dynamics 358 

that determine whether boating pressure is reduced, catchment nutrients are controlled, 359 

fishers participate in governance, restoration targets are realistic, carbon finance is equitable, 360 

or citizen science data influence decisions. This is the social-ecological gap our framework 361 

addresses. Seagrass meadows are shaped by biophysical, ecological, hydrodynamic and 362 

environmental processes, but like other governed coastal systems, they are also shaped by 363 

livelihoods, institutions, incentives, knowledge, finance and authority.13,53 364 

 365 

This actor-centred framing is consistent with wider social-ecological systems research, which 366 

has long challenged the separation of stewardship action and ecological condition from human 367 

agency, institutions and power. Work on common-pool resources, protected areas, small-368 

scale fisheries and conservation planning shows that environmental outcomes emerge from 369 

interactions among resource systems, resource users, governance arrangements, knowledge, 370 

markets including their value chains and wider social settings.1,4,8,12 Seagrass conservation 371 

fits this logic closely. Problems that appear ecological are often also problems of authority, 372 

incentives, legitimacy, scale and institutional fit. 373 

 374 

Moving beyond generic stakeholders 375 

The language of “stakeholders”, widely used in seagrass science and conservation more 376 

broadly, does not fully reflect the complexity of actor systems and can obscure differences in 377 

power, dependence, influence, legitimacy and responsibility.  A gleaner collecting food from 378 

an intertidal meadow, a water company managing wastewater infrastructure, and a media 379 

organisation amplifying restoration stories do not occupy the same position in the social-380 

ecological system, and yet they are all relevant actors within seagrass conservation. Actor-381 

centred analysis starts from these differences, asking how actors are connected to seagrass, 382 

what they can change, what motivates them, what knowledge they hold, what authority they 383 

exercise and who they are accountable to. 8,32 384 

 385 

Short et al.8 showed that small-scale fisheries and aquaculture actors are not a homogeneous 386 

group. Their analysis demonstrates substantial diversity within actor types, including 387 

differences in technology, markets, governance, access, products, livelihood strategies and 388 

proximity to consumers. We extend this logic from a sectoral focus on small-scale aquatic food 389 

actors to a conservation focus on the wider actor landscape shaping seagrass social-390 

ecological systems. Our findings show diversity among actor profiles, including actors who 391 



depend on, pressure, restore, govern, finance, study and narrate seagrass, while also pointing 392 

to likely diversity within each profile. Small-scale fishers, tourism operators, water agencies, 393 

restoration practitioners, investors and conservation NGOs are themselves heterogeneous, 394 

and can vary in influence spatially. Treating these profiles as internally uniform would repeat 395 

the simplification that actor-profile approaches were designed to avoid. As such, the 396 

framework should be read as a first-order map of actor positions, not a substitute for place-397 

based analysis of within-profile diversity. 398 

 399 

Recognising hidden leverage 400 

One of the clearest implications of our analysis is that some actors with substantial capacity 401 

to influence seagrass outcomes are not always the actors most visible in seagrass 402 

conservation research or practice. Conservation interventions are often organised around 403 

ecological need, then routed through actor systems marked by unequal authority, fragmented 404 

mandates, constrained funding, contested incentives and uneven knowledge. This creates a 405 

problem of governance and institutional fit as much as ecological design.54 In seagrass, that 406 

mismatch appears repeatedly. Restoration may be technically plausible but institutionally 407 

fragile.39 Protected areas may include seagrass while lacking authority over upstream 408 

sediment or nutrient inputs.27,37 Carbon projects may attract finance but fail to clearly identify 409 

community beneficiaries and future claimants,50 and monitoring platforms may improve data 410 

access but fail to change management if no actor is responsible for a response.43,44 Seagrass 411 

conservation does not fail only because science is incomplete, but also because the actors 412 

with the power to influence governance, rules, management activities and outcomes are 413 

missing, misaligned or unaccountable. 414 

 415 

This challenge is not unique to seagrass conservation. Protected areas underperform when 416 

boundaries are disconnected from enforcement, legitimacy, livelihoods or external 417 

pressures.4,5,12,55 Restoration effectiveness underperforms when technical delivery is 418 

prioritised over the social, institutional and ecological conditions that allow recovery.56 419 

Ecological monitoring loses force and yields limited governance impact when scientific 420 

evidence lacks institutional pathways for integration into authority and/or policy processes.57 421 

Finance can accelerate action, but can also redirect attention towards what is visible, fundable 422 

or marketable rather than what is durable, just or ecologically necessary.58 Seagrass 423 

conservation is now entering this same terrain, and it should not have to relearn these lessons 424 

slowly. 425 

 426 

Addressing actor asymmetries 427 



The actor asymmetries identified here point to a practical problem for seagrass conservation: 428 

the actors most affected by decisions, the actors producing pressures, and the actors holding 429 

authority are often not the same. Area-based protection provides the clearest example. A 430 

meadow can sit inside a protected area and still decline if the relevant actors sit outside the 431 

protected-area mandate.27,59,60 Nutrient loading, sediment runoff, wastewater discharge, 432 

coastal infrastructure and boating pressure are often governed through separate institutions, 433 

jurisdictions and incentives.14 A protected area boundary can make seagrass visible while 434 

leaving the causes of decline untouched. Protection therefore only becomes meaningful when 435 

ecological pressure, regulatory authority, compliance capacity and social legitimacy align. 436 

 437 

Regeneration raises a different but related challenge, with restoration not being applicable in 438 

all locations.61 The expanding restoration agenda has brought energy, funding, public 439 

awareness and media attention to seagrass conservation, but it has also increased the risk 440 

that planting becomes a visible proxy for ecological recovery. Recovery depends on site 441 

condition, ecological bottlenecks, permits, monitoring, funding cycles, local legitimacy and 442 

long-term stewardship, not only on seeds, shoots or planting methods.39,47,52,62 The actor 443 

system around restoration determines whether intervention becomes ecological recovery, 444 

public engagement, donor performance, technical experimentation or reputational storytelling. 445 

 446 

Some of the most consequential actors for seagrass recovery may be the least likely to identify 447 

as seagrass actors. Water agencies, wastewater utilities, farmers, catchment managers, 448 

planners and regulators shape the nutrient, sediment, turbidity and land-use conditions under 449 

which meadows persist or recover. This unnoticed relevance may be particularly relevant for 450 

actors whose influence is highly spatially variable, such as farmers or planners in different 451 

watersheds with and without seagrass downstream. If these pressures remain unresolved, 452 

marine conservation works downstream of failure. In this sense, land-sea governance is not 453 

peripheral to seagrass conservation, it is one of its core delivery systems.11,16,63 454 

 455 

The same actor lens is also needed across seagrass-linked fisheries, food systems, tourism 456 

and recreation. Seagrass is often treated as fish habitat, but seagrass-associated fisheries are 457 

also livelihood systems, food systems, knowledge systems and governance systems. They 458 

connect small-scale fishers, gleaners, recreational guides, commercial fisheries actors, 459 

managers, buyers and consumers. Embedding seagrass in ecosystem-based fisheries 460 

management therefore requires more than recognition of nursery function. It requires attention 461 

to food security, recreational economies, local knowledge, market connections and habitat-462 

dependent production, alongside their spatial coupling and spillover effects. Tourism and 463 

recreation are similarly mixed pathways. They can support conservation finance, stewardship 464 



and local livelihoods, while also intensifying pressure through infrastructure, boating, trampling 465 

and coastal development.38 466 

 467 

Together with recent participatory mapping approaches,42 our results reinforce the idea that 468 

seagrass knowledge systems are co-produced across heterogeneous actor networks, yet 469 

remain structurally decoupled from governance authority.  Knowledge and monitoring are only 470 

powerful when they travel into decision-making systems. Citizen science, Indigenous and local 471 

ecological knowledge, monitoring platforms, and academic research collectively increase the 472 

visibility of seagrass systems, but this increased visibility does  not automatically translate into 473 

conservation impact. Evidence must reach actors with authority, contributors must see 474 

feedback and action, and monitoring must be linked to a response and adaptation where 475 

necessary. Otherwise, monitoring can document decline while leaving the actor system 476 

unchanged.15,64,65 477 

 478 

Public narratives constitute an additional layer through which seagrass systems are shaped 479 

and interpreted. Media actors, funders, large NGOs, scientists, and restoration practitioners 480 

influence how seagrass conservation is framed, prioritised, and communicated to the public 481 

and decision-makers.29 Restoration-centred narratives can mobilise hope and support, but 482 

they can also narrow the agenda if they crowd out protection, pressure reduction, monitoring, 483 

rights and governance.66,67 484 

 485 

Implications for seagrass conservation pathways 486 

Our findings have several implications for research, policy and practice within a seagrass 487 

social-ecological systems agenda. Seagrass conservation planning increasingly accounts for 488 

social factors alongside ecological conditions,36,52 but actor mapping is vital to interpret, 489 

contextualise, and act on these patterns. Site condition, threats and restoration potential 490 

remain essential, but they are incomplete without identifying who depends on seagrass, who 491 

produces pressure, who holds authority, who controls finance, who generates knowledge and 492 

who is accountable for outcomes.5,8,12 Actor diversity should be treated as a source of adaptive 493 

capacity rather than only a complication. Diverse actors bring diverse knowledge, resources, 494 

legitimacy, authority and capacity. Conservation that recognises this diversity can identify a 495 

wider set of realistic leverage points, anticipate trade-offs and design interventions that are 496 

more likely to persist.6,49 497 

 498 

Future research directions 499 

Future work should move from broad actor profiles towards empirical mapping of actor 500 

systems in specific seagrass spaces. The ideas developed here provides a first-order 501 



structure, but actor positions will vary across governance systems, tenure arrangements, 502 

markets, histories and ecological settings. Participatory actor mapping, social network 503 

analysis, institutional analysis, political economy approaches and comparative case studies 504 

could test where actor visibility, authority, accountability and ecological influence align or 505 

diverge. This would be particularly valuable in locations where seagrass recovery depends on 506 

actors outside conventional marine conservation. Future work should also examine how actor 507 

profiles change over time, especially as blue carbon, restoration finance, nature markets, 508 

citizen science platforms and global conservation targets reshape who has influence over 509 

seagrass futures. 510 

 511 

Conclusions 512 

Seagrass conservation is at an important juncture, with both protection and restoration 513 

essential to achieve and sustain global recovery.68 Seagrass meadows are being mapped, 514 

valued, restored, financed and narrated at increasing speed and frequency. However, without 515 

a stronger social-ecological grounding, this momentum risks reproducing familiar 516 

weaknesses. As mapping the social components of seagrass systems gains traction, we 517 

cannot afford to overlook the actor dynamics at play. The central challenge is the organisation 518 

of human action around ecological systems. The future trajectory of seagrass will be shaped 519 

by actors whose dependence, authority, finance, knowledge, visibility and accountability rarely 520 

align.  521 

 522 

Some actors live with seagrass daily yet remain marginal in decision-making. Others damage 523 

seagrass without recognising their role. Some govern from institutions that do not match 524 

ecological processes; others finance and narrate conservation from a distance. Seagrass 525 

conservation therefore needs stronger social-ecological science because conserving 526 

seagrass is, in practice, a problem of governing relationships between people and 527 

ecosystems; upstream and downstream actors; finance and accountability; knowledge and 528 

action; and ecological recovery and social legitimacy. Moving beyond meadow-centred 529 

conservation does not weaken ecological science but gives it the actor-aware social 530 

framework it needs to change outcomes and secure the future of seagrass systems. 531 

 532 

METHODS 533 

Study design 534 

We developed a heuristic actor-centred framework to examine actor diversity within seagrass 535 

social-ecological systems. The analysis combined five steps: a structured scan of actor-536 

relevant seagrass literature, conservative title-and-abstract coding, synthesis of recurring 537 



actor families and conservation pathways, expert scoring of actor profiles, and quantitative 538 

processing of actor visibility, material leverage and actor asymmetry metrics. 539 

 540 

The literature scan was designed as a structured mapping exercise rather than a systematic 541 

review or meta-analysis. We used an approach aligned with scoping and evidence-mapping 542 

methods, which use broad searches and title-and-abstract coding to characterise the structure 543 

of a literature, identify clusters and gaps, and support conceptual synthesis rather than 544 

estimate pooled effects.69-72 Our aim was to build a conceptual framework for identifying actor 545 

diversity, hidden leverage points and social-ecological asymmetries within seagrass 546 

conservation. 547 

 548 

Literature scan 549 

We conducted a broad Web of Science search to identify seagrass research with potential 550 

actor relevance. The search combined seagrass terms with actor-oriented terms relating to 551 

stakeholders, fishers, gleaners, resource users, households, livelihoods, Indigenous and local 552 

knowledge, managers, institutions, policy, tourism, recreation, boating, farming, finance, 553 

NGOs, citizen science, volunteers and media (Supplementary Material). The search was 554 

intentionally broad so that actor-relevant studies would not be missed simply because they did 555 

not use the term “stakeholder”. 556 

 557 

The search returned 2,839 records with abstracts. For each record, we retained bibliographic 558 

metadata, title, abstract, publication year, source and DOI where available. Titles and 559 

abstracts were used as the primary basis for screening and coding. Full texts were not 560 

reviewed systematically because the purpose of the scan was to map the visibility of actors 561 

and conservation pathways in the seagrass literature, rather than to extract detailed findings 562 

from each study. 563 

 564 

Title-and-abstract screening 565 

Records were screened using a three-level actor-relevance classification. A record was coded 566 

as “Yes” when people, institutions, users, managers, communities, governance, policy, 567 

livelihoods, participation, finance, tourism, citizen science or other social actors were clearly 568 

central to the study. A record was coded as “Partial” when actors or social dimensions were 569 

mentioned in the title or abstract, but were secondary, incidental or ambiguous. A record was 570 

coded as “No” when the study was primarily ecological, biophysical, technical or 571 

methodological, with no clear actor relevance in the title or abstract. 572 

 573 



Screening was deliberately conservative. Records were not treated as actor-relevant simply 574 

because they included broad terms such as conservation, restoration, management, carbon, 575 

monitoring or ecosystem services. Instead, actor relevance had to be visible in the title or 576 

abstract through a clear focus on people, institutions, users, decision-making, participation, 577 

governance, knowledge, finance, livelihoods or other social dimensions. Where relevance was 578 

uncertain, records were coded as Partial rather than forced into the strict actor-relevant 579 

dataset. 580 

 581 

Of the 2,839 screened records, 1,129 were classified as actor-relevant, 1,067 as partial and 582 

643 as not actor-relevant. The main actor-visibility analysis used only the 1,129 strict actor-583 

relevant records. This reduced the risk of inflating actor visibility through papers where actors 584 

were mentioned only incidentally. Partial records were retained in the coded dataset but were 585 

not used in the primary visibility analysis. 586 

 587 

Actor-theme and conservation-pathway coding 588 

Each record was coded for the primary actor theme and primary conservation pathway using 589 

the title and abstract. Coding was guided by predefined categories, but final assignments were 590 

made conservatively through title-and-abstract interpretation. 591 

 592 

Actor-theme categories corresponded to six actor families: dependent actors, pressure actors, 593 

intervention actors, governance actors, finance actors, and knowledge and agenda-setting 594 

actors (see Table 1). Dependent actors were actors whose food, income, culture, recreation, 595 

identity or wellbeing was directly linked to seagrass or seagrass-associated species. Pressure 596 

actors were actors whose activities directly or indirectly degraded seagrass condition or 597 

altered the ecological processes that sustain meadows. Intervention actors were actors 598 

deliberately seeking to alter seagrass trajectories through conservation, restoration, advocacy, 599 

stewardship or applied action. Governance actors were actors shaping rules, access, 600 

enforcement, permits, planning, tenure, policy or management authority. Finance actors were 601 

actors shaping conservation through funding, investment, crediting, corporate claims or 602 

financial incentives. Knowledge and agenda-setting actors were actors shaping what is known, 603 

measured, valued, communicated or prioritised. 604 

 605 

Conservation-pathway categories described the main social-ecological process associated 606 

with each record. These pathways were fisheries and food systems, governance and policy, 607 

knowledge and monitoring, tourism and recreation, restoration and recovery, protection and 608 

marine protected areas, water quality and catchment management, coastal development and 609 

spatial planning, blue carbon and finance, and rights and equity. 610 



 611 

Records were assigned a primary actor theme and primary conservation pathway only where 612 

the title and abstract provided sufficient evidence for a clear classification. Where multiple 613 

actor themes or pathways were equally plausible, the record was coded as ambiguous rather 614 

than forced into a single category. This approach reduced false precision in studies that 615 

spanned several actor groups or conservation pathways. The coded dataset retained 616 

classification notes and ambiguous records as an audit trail. 617 

 618 

Actor-family and actor-profile development 619 

For the purpose of actor-profile development, actor-families were treated as analytical 620 

categories rather than fixed identities because actors may occupy multiple positions at once. 621 

For example, a fisher may also be a citizen scientist, restoration volunteer or customary 622 

governance actor, a conservation NGO may produce knowledge, implement restoration, 623 

mobilise finance and influence policy and a government agency may regulate, fund, monitor 624 

and narrate conservation. 625 

 626 

Within the six families, 22 recurring actor profiles were identified for expert scoring: tropical 627 

small-scale fisher; gleaner/invertebrate collector; recreational fisher/guide; recreational 628 

boat/yacht user; tourism/scuba-diving operator; port/marina developer; farmer/land manager; 629 

water agency/wastewater utility; commercial fisheries actor; local conservation NGO; 630 

restoration consultancy/business; MPA manager; government agency/management authority; 631 

fisheries manager; Indigenous and customary governance actor; philanthropic donor; finance 632 

investor; scientist/researcher; citizen scientist; data platform; media/storyteller; and large 633 

ENGO/global policy actor. 634 

 635 

The actor families and profiles were designed to reveal system position rather than to provide 636 

an exhaustive census of all seagrass actors. Rather, they capture distinct ways in which 637 

people and institutions depend on seagrass, affect seagrass condition, govern access and 638 

rules, finance action, implement interventions, produce knowledge or shape public and policy 639 

narratives. 640 

 641 

Expert scoring exercise 642 

Next, we developed an expert scoring exercise to compare actor profiles across nine 643 

diagnostic social-ecological attributes: dependence, pressure or impact, governance authority, 644 

financial influence, knowledge contribution, capacity to alter outcomes, narrative influence, 645 

accountability and visibility. The exercise was designed to support conceptual analysis rather 646 

than produce a definitive global measurement of actor power. 647 



 648 

Experts were identified by the lead author based on their contributions to seagrass science, 649 

marine social-ecological research, conservation practice, restoration, policy or management, 650 

and their leadership or participation in national and international seagrass initiatives. Fifty 651 

experts were invited to participate. Thirty-five completed the scoring exercise. In both cases, 652 

the expert pool included the lead author. Experts were asked to score only the actor profiles 653 

for which they had relevant knowledge through research, conservation, restoration, policy, 654 

management or practice. Each actor profile was scored across the nine attributes using a 655 

three-point ordinal scale: 0 = low, absent or generally not part of the actor’s role; 1 = moderate, 656 

indirect, variable or context-dependent; and 2 = high, direct or central to the actor’s role. 657 

Contributors were provided with definitions of each attribute and descriptions of each actor 658 

profile. 659 

 660 

Scores were intended to reflect the typical or general role of each actor profile in seagrass 661 

conservation, while recognising that actor roles vary across contexts. Blank scores were 662 

treated as missing values rather than zeros. For each actor-profile attribute, we calculated the 663 

mean score across available expert responses. We also retained the number of expert scores 664 

contributing to each actor-profile attribute and calculated summary measures of variation. 665 

 666 

Actor-profile literature visibility 667 

For each of the 22 actor profiles, we then estimated literature visibility using the strict actor-668 

relevant database. Visibility was calculated as the number of strict actor-relevant records in 669 

which profile-specific terms appeared in the title or abstract. This approach follows the logic of 670 

bibliometric and evidence-mapping methods, where title, abstract and keyword terms are used 671 

to characterise explicit visibility, thematic structure and gaps within a research field.72,73 672 

 673 

Profile-specific terms were developed for each actor profile and included common synonyms 674 

and related terms (Supplementary Table). For example, visibility terms for recreational boat 675 

and yacht users included “boat”, “boating”, “boater”, “yacht”, “anchoring”, “anchor”, “mooring” 676 

and “sailing”. Terms for finance investors included “blue carbon”, “carbon credit”, “carbon 677 

market”, “carbon finance”, “investor”, “investment”, “offset”, “corporate”, “private sector”, “CSR” 678 

and “ESG”. 679 

 680 

For each actor profile, literature visibility was calculated as the number of strict actor-relevant 681 

records in which at least one profile-specific term appeared in the title or abstract. A single 682 

record could contribute to the literature visibility score of more than one actor profile if it 683 

contained terms associated with multiple profiles. Literature visibility should therefore be 684 



interpreted as an index of explicit recognition in the seagrass actor literature, rather than a 685 

complete measure of actor importance, power or ecological impact. Some actors may be 686 

discussed in full texts without appearing in titles or abstracts. Conversely, some search terms 687 

may capture broad actor groups that vary substantially across contexts. 688 

 689 

Material leverage and actor asymmetries 690 

Because different actors influence seagrass in different ways, we estimated material leverage 691 

as a heuristic measure of each actor profile’s plausible capacity to alter seagrass outcomes. 692 

Drawing on leverage-point thinking in sustainability science, this emphasises that change in 693 

complex social-ecological systems may depend not only on direct pressures, but also on 694 

governance, incentives, institutions, information flows and the capacity to act.74-76 Material 695 

leverage was calculated as the mean of four diagnostic attributes: pressure or impact, 696 

governance authority, financial influence and capacity to alter outcomes. These attributes 697 

were selected because they represent major ways actors can shape ecological trajectories, 698 

institutional decisions, resource allocation or conservation action. Material leverage was 699 

calculated as: 700 

 701 

𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙	𝑙𝑒𝑣𝑒𝑟𝑎𝑔𝑒 = 	
(𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 + 𝑎𝑢𝑡ℎ𝑜𝑟𝑖𝑡𝑦 + 𝑓𝑖𝑛𝑎𝑛𝑐𝑒 + 𝑎𝑔𝑒𝑛𝑐𝑦)

4
 702 

 703 

We then compared material leverage with literature visibility to identify actor profiles whose 704 

potential capacity to shape seagrass outcomes may be greater than their explicit recognition 705 

in seagrass research. Before calculating hidden leverage, literature visibility counts were 706 

rescaled to the same 0–2 range as the expert-scored attributes. Hidden leverage was then 707 

calculated as: 708 

 709 

𝐻𝑖𝑑𝑑𝑒𝑛	𝑙𝑒𝑣𝑒𝑟𝑎𝑔𝑒 = 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙	𝑙𝑒𝑣𝑒𝑟𝑎𝑔𝑒 − 𝑙𝑖𝑡𝑒𝑟𝑎𝑡𝑢𝑟𝑒	𝑣𝑖𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦 710 

 711 

Importantly, this comparison was used more as a diagnostic tool, rather than a quantitative 712 

estimate of actor power. We also calculated four actor asymmetry scores to identify 713 

mismatches between different forms of social-ecological position. Authority-dependence 714 

asymmetry compared governance authority with dependence. Impact-visibility asymmetry 715 

compared pressure or impact with expert-scored visibility. Finance-accountability asymmetry 716 

compared financial influence with accountability. Knowledge-authority asymmetry compared 717 

knowledge contribution with governance authority. Each asymmetry was calculated as a 718 

simple difference between paired attribute scores, for example, authority-dependence 719 

asymmetry = governance authority – dependence. Positive and negative values indicate the 720 



direction of imbalance. These scores were used to support interpretation of recurrent actor 721 

asymmetries, not to make inferential statistical claims. 722 

 723 

Limitations 724 

This framework is heuristic and interpretive. It is intended to clarify actor diversity and generate 725 

analytical insight, not to replace place-based stakeholder analysis or mapping. Actor positions 726 

vary across geographies, governance systems, political economies, tenure arrangements and 727 

ecological settings. The same actor type may hold high authority in one context and little 728 

authority in another. Literature visibility also does not necessarily correspond to policy 729 

influence, lived importance or local legitimacy. 730 

 731 

The title-and-abstract coding approach improves consistency and transparency, but it 732 

depends on the quality of the search terms, category definitions and abstract wording. Some 733 

relevant actor relationships may not be visible in abstracts, while some terms may be too broad 734 

and capture multiple meanings. To reduce this risk, ambiguous records were coded 735 

conservatively, strict relevance was used for the main visibility analysis, and the full coding 736 

logic, actor terms and pathway terms are provided in the supplementary material. 737 

 738 

The expert scoring approach also involves judgement. To improve transparency, we define 739 

each attribute, describe the scoring logic and provide the scoring exercise, actor-profile 740 

definitions and scoring outputs in the supplementary materials. Future applications could 741 

refine the framework through participatory scoring, Delphi methods, empirical stakeholder 742 

mapping, social network analysis or case-study comparison. The framework should therefore 743 

be understood as a first-order map of actor positions within seagrass social-ecological 744 

systems and therefore useful for structuring analysis, identifying hidden leverage points and 745 

guiding more context-specific conservation, research and practice. 746 
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List of Tables 1040 
Table 1. Six actor families and their social-ecological positions in seagrass conservation. 1041 
Actor family System position Illustrative actor 

profiles 
Justification 

Dependent 

actors 

Actors whose 

food, income, 

culture, 
recreation, 

identity or 

wellbeing is 

directly linked to 

seagrass or 

seagrass-

associated 
resources. 

Small-scale fishers; 

gleaners and 

invertebrate 
collectors; 

recreational fishers 

and guides; 

commercial fisheries 

actors. 

Small-scale fishers and gleaners use 

seagrass-associated fish and 

invertebrates for food, income and 
household wellbeing, while also 

holding local ecological knowledge of 

habitat change, species, seasons and 

fishing grounds. Commercial and 

recreational fisheries may also benefit 

from seagrass nursery and habitat 

functions. 

Pressure 
actors 

Actors whose 
activities directly 

or indirectly 

damage seagrass 

meadows or alter 

the ecological 

processes that 

sustain them. 

Recreational boat 
and yacht users; 

tourism and scuba-

diving operators; port 

and marina 

developers; farmers 

and land managers; 

water agencies and 
wastewater utilities; 

commercial fisheries 

actors. 

Pressure pathways include anchoring, 
propellor and mooring damage, 

coastal infrastructure, dredging, land 

reclamation, tourism pressure, nutrient 

loading, wastewater discharge, 

sediment runoff and catchment land 

use. These actors often influence 

meadow condition from beyond the 
spatial boundaries of seagrass 

management 

Intervention 

actors 

Actors 

deliberately 

seeking to change 

seagrass 

trajectories 

through 
conservation, 

restoration, 

advocacy, 

stewardship or 

applied action. 

Local conservation 

NGOs; restoration 

consultancies and 

businesses; 

ecological 

contractors; 
community groups; 

restoration 

volunteers. 

Intervention actors shape restoration 

practice, public expectations, 

monitoring, stewardship and 

conservation delivery. Their work is 

influenced by site condition, ecological 

bottlenecks, long-term maintenance, 
community co-production, funding 

cycles and incentives for visible 

outputs 

Governance 

actors 

Actors shaping 

rules, access, 

enforcement, 

MPA managers; 

government agencies 

and management 

Seagrass governance often crosses 

fragmented mandates for biodiversity, 

water quality, fisheries, agriculture, 



permits, planning, 

tenure, policy and 

management 

authority. 

authorities; fisheries 

managers; permitting 

bodies; Indigenous 

and customary 

governance actors. 

planning and infrastructure. Protected 

areas may include seagrass but lack 

authority over land-based pressures, 

while Indigenous and customary 

governance actors may hold rights, 
legitimacy and place-based authority 

that formal systems do not 

Finance 

actors 

Actors influencing 

conservation 

through funding, 

investment, 

crediting, 

corporate claims 

or financial 
incentives. 

Philanthropic donors; 

finance investors; 

corporate funders; 

blue carbon 

investors; 

biodiversity-credit 

actors; development 
finance institutions. 

Finance actors shape what is possible, 

attractive and reportable. Blue carbon 

and nature-finance pathways can 

mobilise resources, but also create 

risks around tenure, benefit-sharing, 

accountability, carbon claims, project 

timelines and incentives for marketable 
restoration narratives 

Knowledge 

and agenda-

setting actors 

Actors shaping 

what is known, 

measured, 

valued, 

communicated or 

prioritised. 

Scientists and 

researchers; citizen 

scientists; Indigenous 

and local knowledge 

holders; data 

platforms; media and 

storytellers; large 

ENGOs and global 
policy actors. 

Knowledge actors make seagrass 

visible through research, monitoring, 

citizen science, local knowledge, data 

platforms and public narratives. These 

pathways can support conservation, 

but their value depends on whether 

evidence reaches decision-makers, 

contributors receive feedback and 
narratives do not narrow conservation 

to only the most visible interventions  

  1042 
Table 2. Diagnostic attributes used to compare seagrass actor profiles. The table defines the 1043 
nine social-ecological attributes used in the expert-informed scoring exercise: dependence, pressure 1044 
or impact, governance authority, financial influence, knowledge contribution, capacity to alter 1045 
outcomes, narrative influence, accountability and visibility. Each actor profile was scored for each 1046 
attribute using a three-point ordinal scale, where 0 = low or absent, 1 = moderate, indirect or context-1047 
dependent, and 2 = high, direct or central. The attributes were designed to compare actor position 1048 
within seagrass conservation, not to provide a universal measure of actor power or importance. 1049 
  1050 
Attribute Guiding question Description 

Dependence How strongly is this actor’s 

wellbeing, income, identity, 

culture, recreation or mandate 

tied to seagrass? 

Captures whether the actor relies on 

seagrass or seagrass-associated 

species for food, livelihoods, cultural 

practice, recreation, identity, business 

activity or institutional purpose. 



Pressure / impact Does this actor directly or 

indirectly alter seagrass 

condition or associated 

ecological processes? 

Captures whether the actor can damage, 

degrade, restore, disturb or otherwise 

alter seagrass through physical 

disturbance, pollution, resource 

extraction, infrastructure, restoration or 
other actions. 

Authority Can this actor make, enforce or 
shape rules, permits, access, 

planning or management 

decisions? 

Captures formal, customary, institutional 
or informal authority over coastal access, 

resource use, enforcement, permits, 

planning, restoration approvals or 

conservation decisions. 

Finance Can this actor direct funding, 

investment, market incentives or 

project priorities? 

Captures the actor’s ability to provide, 

withhold or direct financial resources, 

shape investment decisions, create 

market incentives, or influence project 
design through funding. 

Knowledge Does this actor hold or produce 
knowledge relevant to seagrass 

conservation? 

Includes scientific knowledge, local 
knowledge, Indigenous knowledge, 

practitioner knowledge, regulatory 

knowledge, monitoring data, 

observational knowledge or historical 

baselines. 

Agency Can this actor realistically alter 

social or ecological outcomes? 

Captures practical capacity to change 

behaviour, rules, funding, pressure, 

intervention design, public support or 

ecological condition. This is broader than 
formal authority. 

Narrative Can this actor shape public, 

donor, media or policy 

attention? 

Captures ability to influence how 

seagrass conservation is framed, 

communicated, funded, prioritised or 

understood by wider audiences. 

Accountability Is this actor answerable for 

ecological persistence, social 

outcomes, harm or benefit-

sharing? 

Captures whether the actor is formally, 

politically, socially, legally or morally 

accountable for seagrass outcomes, 

community impacts, conservation 

success or damage caused. 

Visibility Is this actor recognised in 
seagrass science, policy or 

conservation practice? 

Captures whether this actor is commonly 
visible in seagrass research, 

conservation planning, management 



discussions, funding proposals or policy 

frameworks. 

 1051 


