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Abstract: Climate change is transforming marine ecosystems worldwide, disrupting
livelihoods and reshaping coastal economies. This paper presents an example of
transdisciplinary, humanities-informed sustainability science that examines how different
forms of knowledge shape responses to climate change. In Wales, these dynamics are
evident in the emergence of regenerative aquaculture as a locally grounded response. This
study focuses on Car-y-Mor, the first community-owned regenerative ocean farm in Wales,
where sustainability is practised through collective labour, intergenerational knowledge
and situated ecological expertise. Anthropological fieldwork was conducted between May
2024, and June 2025 and comprised participant observation supplemented by semi-
structured interviews with farm members, volunteers, directors, regulatory staff and other
stakeholders. Fieldnotes and transcripts were triangulated with marine licensing
documents, ecological reports, policy frameworks and grant materials, with all data
thematically coded. Findings show that while grassroots innovation generates alternative
ways of practising sustainability, it is constrained by licensing regimes and funding
structures that privilege standardized metrics over lived experience. The case highlights
how hyper-local initiatives both depend on and challenge governance systems, offering
transferable insights for integrating community expertise into marine planning and

licensing.

Keywords: aquaculture; regenerative ocean farming; embodied knowledge; technocratic

environmentalism; participant observation, political ecology, transdisciplinarity

1. Introduction

Rapidly changing climatic and environment conditions present a picture of human-
ity under threat, living on a damaged planet [1, 2]. Coastal communities are particularly
under threat from the effects of anthropogenically accelerated climate change including
across high latitude northern hemisphere regions; rising sea levels, warming water and
changes to marine ecosystems are forcing communities to adapt to a situation that is
threatening people’s livelihoods and cultures. Regenerative ocean farming, which culti-
vates seaweed and a variety of shellfish, is increasingly being promoted as an effective
response to these pressures, with high yields for minimal human input and acting as ef-
fective traps for carbon and nitrogen [3, 4].
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Regenerative

Carbon capture

Nitrogen sink

No inputs: fertilizer, feed, water
Helps rebuild marine ecosystem

Benefits

Zero inputs

High yields of seaweed and shellfish
Small footprint

Figure 1. Regenerative ocean farming model, at Car-y-Mor. Source: L. Steel, after
Greenwave, https://canadiangeographic.ca/articles/qa-the-sustainability-of-regenerative-

ocean-farming/

This paper examines some of the socio-economic challenges facing a small-scale com-
munity run regenerative ocean farm in southwest Wales (Figure 1). It presents prelimi-
nary results of anthropological fieldwork with Car-y-Mor, a community-owned regener-
ative seaweed and shellfish farm in southwest Wales. Using participant observation we
have collected narratives of people’s lived experiences working at the farm, which reveal
an interesting eco-social relationship, the ways that people and environment shape each
other and how this has informed their business. A key issue that has emerged revolves
around how their efforts are constrained by technocratic systems of governance that priv-
ilege scientific-based data and enforce standardization, procedural compliance and ab-
stract, desk-based forms of expertise. Our participants frequently observed frustrations
with how their knowledge does not get heard because it is not considered relevant by
environmental sciences and policy makers. The weighting of quantitative data over qual-
itative evidence is increasingly being problematized [5] (pp.7-10). Here, we seek to break
down the “mutual standoff” [5] (p.53) between data driven sciences and a more experien-
tial, narrative based approach within the humanities. There is increasing awareness of the
need to consider the local context and to address local concerns [6]. Drawing upon the
voices of our societal partners, we illustrate the merit of listening to and learning from
real-world expertise and some of the surprising insights that emerge. Indeed, the qualita-
tive and reflexive knowledges produced within the humanities provides the human con-
text that will enable us to unravel the complexities of people’s interactions with the envi-
ronment [7, 8] and better inform sustainable solutions. This paper seeks to demonstrate
the unique worth of qualitative information as opposed to quantitative data, to highlight
that there are other non-scientific ways of knowing the world and “to temper the
knowledge bequeathed by science with the wisdom of experience and imagination” [5]
(p-10).

This paper examines the socio-economic challenges facing a small-scale community-
run regenerative ocean farm in southwest Wales. It presents preliminary results of anthro-
pological fieldwork with Car-y-Mor, a community-owned seaweed and shellfish farm.
This paper examines how governance structures shape the possibilities of small-scale re-
generative aquaculture. Specifically, we ask: how do licensing regimes, funding frame-
works and regulatory norms affect the capacity of community initiatives to contribute to
sustainability transitions? While our focus is on Car-y-Mor, comparable tensions between
community-based initiatives and governance systems designed for large-scale operators
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have been reported in similar contexts across the Global North, including Scotland and 78
Canada (see discussion below), highlighting that the Welsh case is illustrative of broader 79
dynamics rather than an isolated example. This case is therefore illustrative of wider dy- 80
namics rather than representative of all community enterprises. Using participant obser- 81
vation, and interviews, we collected narratives of lived experience that reveal how people 82
and environment shape one another and how this has informed everyday practices of 83
farming and business organization. A key issue that has emerged concerns how commu- 84
nity efforts are constrained by technocratic systems of governance that privilege stand- 85
ardized data, procedural compliance and desk-based forms of expertise. Participants fre- 86
quently expressed frustration that their experience and observations were undervalued 87
or excluded from environmental decision-making. Such tensions have been discussed 88
more widely in debates on the weighting of quantitative over qualitative evidence [5] (pp. 89
7-10). Rather than presenting scientific and experiential knowledge in opposition, this 90
study explores how they interact in practice and the contributions that situated 91
knowledge can make to sustainability governance. There is increasing awareness of the 92
need to consider local context and address community concerns in environmental policy 93
[6]. Drawing on the voices of our societal partners, we highlight the insights that emerge 94
from lived experience and argue that these provide the human context needed to under- 95
stand complex interactions between people and environment [7,8]. This paper contributes 96
to ongoing discussions on the value of qualitative information in sustainability research, 97
emphasizing that local and experiential expertise should complement, rather than com- 98

pete with, scientific data [5] (p. 10). 99
2. Background 100
2.1 Challenging Technocratic Environmentalism 101

Oceans are undergoing rapid and unprecedented transformation. Rising tempera- 102
tures, acidification, deoxygenation, and biodiversity loss are reshaping marine ecosystems 103
globally, with serious implications for coastal communities [9, 10]. In Wales, and across 104
the UK, these shifts are already palpable. Local fishers describe altered migration routes, 105
declining shellfish populations and increasingly erratic seasonal patterns [11, 12]. As tra- 106
ditional fishing grounds become less viable, these ecological changes are experienced not 107
as distant or abstract projections but as immediate, embodied disruptions to everyday life. ~ 108
While such transformations are commonly framed as evidence of ecological decline, schol- 109
ars have shown that interpretations of decline are rarely neutral [13]. How change is un- 110
derstood, responded to and governed depends not just on scientific observations but also 111
on political frameworks and institutional logics. Scholars in political ecology and environ- 112
mental anthropology have long emphasized that interpretations of environmental decline 113
are shaped by broader structures of regulation, law, and governance [13, 14, 15]. These 114
structures determine not only what counts as degradation, but who is held responsible for 115
environmental harms and whose knowledge is considered credible in the face of ecologi- 116
cal uncertainty. 117

Technocratic environmentalism privileges the role of science and technology as the 118
solution to environmental problems, advocating data-driven, efficiency-oriented solu- 119
tions; this presupposes that scientific experts should lead on decisions about environmen- 120
tal policy [16, 17, 18]. Environmental governance, therefore, is rarely neutral but tends to 121
be weighted towards scientific quantitative data [18], privileging quantifiable outputs, 122
standardized compliance and scalability. Debates over terminology further complicate 123
these dynamics, with scholars noting that labels such as regenerative, restorative and con- 124
servation aquaculture are often used inconsistently, shaping governance expectations and 125
policy framings [19] Operating on the assumption that environmental improvement can 126
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(and should) be engineered and managed from above, there is a tendency for institutions 127
to respond to ecological crisis through top-down mechanisms that expand state oversight 128
or introduce market-based controls. These include licensing regimes, environmental as- 129
sessments and compliance metrics intended to manage risk and enforce accountability 130
[14]. However, these frameworks frequently impose disproportionate burdens on small- 131
scale actors, whose resources, practices and working rhythms may not align with institu- 132
tional expectations [4, 20]. In practice, this marginalizes the situated knowledge of those 133
with direct, long-term engagement with ecosystems. While such frameworks are designed 134
to reduce risk and manage complexity, they frequently introduce structural barriers for 135
small-scale regenerative initiatives. As a result, conformity with standardized procedures 136
tends to be prioritized over local experimentation, even when the latter could yield more 137
ecologically attuned outcomes. Failure to listen to the expertise, experience and concerns 138
of real-life practitioners risks sidelining those most directly engaged with ecological 139
change and best placed to develop adaptive responses. 140

This is especially evident in small-scale, community-led aquaculture. Similar ten- 141
sions have been documented across the Global North. In Scotland, seaweed aquaculture 142
has raised debates over scale and community benefit [21]. In Nova Scotia, community- 143
based aquaculture projects face governance barriers that restrict their scope [22]. On Can- 144
ada’s Pacific coast, Indigenous and community fisheries highlight the marginalization of 145
situated knowledge within state regulatory frameworks [23]. Historical cases, such as 146
Grand Manan, demonstrate how industrial aquaculture displaced small-scale practices 147
[24]). At the policy level, critiques of the Blue Economy argue that expansion strategies 148
frequently sideline community wellbeing in favour of industrial growth [25]. Across 149
global contexts, traditional and locally embedded fisheries have demonstrated capacities 150
for flexible, place-based adaptation [26]. Their embeddedness in local ecologies [27], re- 151
sponsiveness to ultra local conditions [28] and reliance on collective labour [29] often al- 152
low for more nimble and resilient responses than larger, centralized operations [30], as 153
well as having less dramatic environmental impact and greater social benefits than larger 154
fishing enterprises [31, 32, 33, 34]. Yet these approaches still need to operate within insti- 155
tutional systems that define what is fundable, permissible, or legitimate. Adaptive capac- 156
ity, then, is not only ecological or technical but also institutional. Without recognition and 157
support, even the most effective grassroots responses can be marginalized or rendered 158
unviable [35, 36]. Such constraints often sit uneasily alongside the learning cultures fos- 159
tered by community-led initiatives in Wales, especially as we know that many small-scale 160
fishers develop knowledge not through desk-based planning, but through iterative exper- 161
imentation and deeply situated, continuous engagement with the sea [37]. These forms of 162
learning are practical, collaborative and resistant to standardization. They centre respon- 163
siveness, care and embodied knowledge as core components of environmental resilience 164
[37]. Despite these insights, little attention has been given to community-owned regener- 165
ative aquaculture in the UK. In Wales, governance systems remain primarily designed for 166
large-scale operators, raising questions about how grassroots initiatives navigate and con- 167
test these structures. 168

2.2 Case Context: CAr-y-Mor’s Regenerative Model 169

This paper examines a specific case study and the impact of regulatory metrics, pro- 170
cedural templates and abstracted forms of expertise [38, 39] on a regenerative ocean farm 171
in southwest Wales. The analysis presented here emerges from sustained anthropological 172
fieldwork at Car-y-Mor (trans: for the love of the sea), a community-owned regenerative 173
ocean farm located on the Pembrokeshire coast (Wales, UK) (Figure 2); its three-hectare 174
site lies in Ramsey Sound, off the inshore coast of St Davids. It was established as an in- 175
tentional alternative to extractive aquaculture in response to environmental and socio- 176
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economic changes [40] and following the collapse of a privately owned aquaculture ven- 177
ture, the new enterprise deliberately restructured to minimize risk through collective 178
ownership and community governance. 179

180

Cardigan Bay

Car-y-Mor
[

Pembrokeshire

181

Figure 2. Map of Wales showing location of Car-y-Mor, source: NASA, Public do- 182
main, via Wikimedia Commons 183

184

The Car-y-Mor aquaculture farm is guided by principles of biomimicry [41], collec- 185

tive labour and community governance. Its work reimagines aquaculture as a reciprocal, 186
restorative relationship with the sea. Their model draws on principles of biomimetic man- 187
agement and living-systems thinking. Rather than functioning as a linear production unit, 188
the farm operates as a decentralized and adaptive system, embedded in local ecological 189
and social contexts. Governance combines a flat pay structure, in which all employees 190
receive the same living wage, with cooperative, often informal decision-making layered 191
alongside more conventional managerial practices. The farm cultivates kelp, oysters, mus- 192
sels, scallops and other species in a model designed to support both ecosystem regenera- 193
tion and community livelihoods. Seaweed species such as sugar kelp (Saccharina latis- 194
sima), sea lettuce (Ulva lactuca) and oarweed (Laminaria digitata) are grown on horizon- 195
tal ropes suspended in the water column using a vertical longline system. Native oysters, 196
clams and mussels are also cultivated through suspended systems that enable natural fil- 197
ter feeding [42] (Figure 3). 198
199
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Figure 3. Ropes of seaweed and nets of mussels. Source: Gareth Thomas 201

202

In addition to its own aquaculture operations, the farm purchases crab and lobster 203
from local pot fishers, which are processed and packed onsite before being sold to local 204
restaurants and premium markets, including in London. While this trade currently con- 205
stitutes the main revenue stream, the long-term strategy is to expand seaweed-based pro- 206
duction, particularly through the development of bio-stimulant products made from non- 207
edible species. To support this transition, in 2023 Car-y-Mor embarked on a phase of in- 208
frastructural expansion. Supported by £1.1 million in DEFRA funding [43] and a £250,000 209
loan through the Growth Guarantee Scheme [44], the farm began constructing new sea- 210
weed processing units, cold storage facilities and a public-facing hub for training, educa- 211
tion and community engagement. These developments aim to expand processing capacity 212
while meeting the compliance and reporting requirements set by public funders. As a di- 213
rect outcome of this funding, the project is also introducing new operational protocols, 214
including standard operating procedures for processing and compliance, structured train- 215
ing and induction plans for staff and comprehensive risk management systems such as 216
maintenance schedules, safety audits and emergency response protocols. 217
Nonetheless, as Car-y-Mor develops, pursuing funding, formalizing operations and 218
navigating complex licensing requirements, it finds itself increasingly entangled in insti- 219
tutional systems structured around different logics and understandings of the world. 220
These systems frequently value disembodied, desk-based expertise over experiential, sit- 221
uated knowledge, making it difficult for grassroots projects to scale without compromis- 222
ing core values. The central question, then, is not just whether Car y Mor can succeed 223
ecologically or economically, but whether it can do so without compromising the values 224
and knowledge systems that underpin its work. By examining the negotiations and fric- 225
tions involved in sustaining this regenerative enterprise under bureaucratic pressure, this 226
paper contributes to debates in political ecology [45] and environmental anthropology [46, 227
47] concerning the institutional and epistemic dimensions of sustainability. It shows how 228
governance structures shape what forms of environmental practice are made possible, 229
visible, or legitimate. Rather than offering Car-y-Mor as a replicable model, this paper 230
treats it as a live case of sustainability in the making, an evolving process of adaptation, 231
adjustment and situated negotiation. 232

3. Methods: A Transdisciplinary Approach to Humanities-informed 233
Sustainability Science 234
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Fieldwork at Car-y- Mor is part of Coastal TALES, an international research project, 235
which explores how traditional ecological knowledge and cultural heritage practices in- 236
form climate adaptation in northern coastal communities across Wales, Ireland and 237
Alaska [48, 49]. In Wales our focus is on inshore fishing and aquaculture communities in 238
Ceredigion, Carmarthenshire and Pembrokeshire, where long-standing relationships 239
with the sea are shaped by intergenerational knowledge, cultural practice and ecological 240
observation. 241

3.1 Transdisciplinary Humanities-Informed Sustainability Science 242

Our research is grounded in transdisciplinary humanities-informed sustainability science 243
(THiSS) [50, 51, 52]. This approach interweaves methodologies from the humanities with 244
a transdisciplinary approach [53] that recognizes the importance of embedding 245
knowledge, expertise and values outside traditional academic fields in the pursuit of com- 246
mon or shared goals. Transdisciplinary research emphasizes that “[w]hen researching 247
good solutions to complex societal problems no knowledge system should claim a priori 248
superiority” [53] (p.16); this enables a variety of knowledge systems to interact in con- 249
structive ways in a process of mutual learning [54] and maintains the distinctiveness of indi- 250
vidual voices whilst promoting more nuanced understandings of complex issues. THiSS 251
draws on interpretative and narrative methods from the humanities, which foreground 252
the historical, social, cultural and ethical context of research [5, 55] and brings them into 253
dialogue with other disciplines such as ecological science, political ecology and policy 254
studies. Moreover, it foregrounds co-production with non-academic actors. Integral to 255
THiSS is the understanding that local expertise derived from lived experience is valued 256
equally with scientific data and humanities evidence. Braiding intellectual approaches 257
from the humanities and sciences with real-world experiences [56, 8] allows the voice of 258
local experts to be heard and provides reminders of how people and planet are funda- 259
mentally interdependent. 260

Central to our research therefore is the recognition that place-based, relational and 261
experiential forms of knowledge are essential for meaningful climate adaptation. Rather 262
than conceiving sustainability as a purely technical or ecological challenge, our approach 263
treats it as an inherently social, ethical and situated process [51, 57] and recognizes that 264
policymakers who are unable to employ the systemic knowledge provided by the human- 265
ities and grounded in local expertise will be less effective in their framing of social and 266
political challenges. Adopting a THiSS approach invites epistemological pluralism into 267
sustainability science, challenging dominant models that prioritize abstraction, standard- 268
ization and procedural expertise [58, 59, 60]. Through the transdisciplinary lens our re- 269
search engages not only with environmental challenges but also with the politics of 270
knowledge that shape how adaptation is conceived, legitimized and enacted on the 271
ground. 272

3.2 Participant Observation 273

Transdisciplinarity not only expands the notion of expert beyond the academy but 274
equally significantly reconfigures the notion of what knowledge is [5, 53] and how it can 275
usefully be co-produced. This approach resonates with anthropological fieldwork meth- 276
ods, namely the notion of “deep hanging out” articulated by Geertz [61] and the immer- 277
sion (observation and listening) advocated by participant observation, where the anthro- 278
pologist is taught by their interlocuter. As such the research methodology we employed 279
was participant observation, which emphasizes the importance of “attentive engagement” 280
[62] (p.354) and understanding lived experience, embedded knowledge and relational dy- 281
namics in situated contexts [62, 63]. Instead of relying on structured interviews or focus 282
groups, our research emphasized sustained presence and embodied engagement to create 283
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enduring relationships through participating in the everyday activities of the farm. Rather 284
separating ourselves from our societal partners to study and objectify them, participant 285
observation entails working with our participants, paying attention and listening to what 286
they say [5]. 287
We set up our relationship with Car-y-Mor in 2023 and fieldwork was conducted in 288
short-term visits and extended immersive engagement in 2024-2025. In total, this 289
amounted to approximately 250 hours of participant observation across farming, pro- 290
cessing, governance meetings, and community events. The patchwork approach [64, 65, 291
66], entailing shorter times in the field, “rapid ethnography” and distributing responsibil- 292
ities between different team members, was adopted out of necessity, recognizing that with 293
our work commitments continuous long-term continuous fieldwork was neither appro- 294
priate nor possible. The researcher participated in everyday tasks (Figure 4) including sea- 295
weed harvesting, drying and processing, shellfish gathering, training sessions, storytell- 296
ing events, team meetings and public education workshops. Participant observation facil- 297
itated a situated understanding of how sustainability is enacted, shared and negotiated in ~ 298
practice [63, 67]. This approach enabled close documentation of material routines, affec- 299
tive relationships, gendered labour and collective dynamics, as well as the sensory and 300
emotional textures of marine work [63]. These in-person encounters were complemented 301
by online meetings. In addition, 25 semi-structured interviews were conducted with farm 302
members, directors, volunteers, Natural Resources Wales staff, administrators and regu- 303
latory officials. Our research also included the collection and analysis of both internal and 304
public-facing documents. Key materials included marine licensing documents, ecological 305
assessments, funding applications and compliance reports, which were triangulated with 306
our anthropological data. These were treated as cultural artefacts that reflect the evolving 307
identity, values, and communicative strategies of the organization [68]. Analysis of these 308
texts provided context for observed practices and added interpretive depth to the ethno- 309
graphic record. 310
311

/ A 312

Figure 4. Embodied participant observation at Car-y-Mor. Photo: Gareth Thomas. 313
314

Fieldnotes, documents and recorded conversations were coded thematically and an- 315
alyzed using a relational ethnographic approach. Coding combined inductive and deduc- 316
tive strategies, beginning with open coding of fieldnotes and transcripts to identify recur- 317
ring practices, tensions and themes. These were then refined into analytical categories in- 318
formed by literature on situated knowledge, political ecology and regenerative govern- 319
ance. NVivo software (or “manual coding” if no software was used) was employed to 320
organize the material. Triangulation between observation, interviews and document 321
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analysis enhanced reliability and regular peer debriefing within the research team pro- 322
vided additional interpretive rigour [64, 65]. 323

Key themes that emerged included technocratic constraint, regenerative labour ten- 324
sions, embodied ecological knowledge and gendered coastal expertise. These were exam- 325
ined in conversation with theoretical work on situated knowledge, political ecology and 326
regenerative governance [38, 39, 62, 71]. The analysis was further informed by anthropo- 327
logical and feminist literature on moral economies, informal labour and the infrastructural 328
frictions that shape sustainability in practice [72, 73, 74]. Reflexive attention was given 329
throughout to the researcher’s role and positionality in shaping the knowledge produced. 330
The researcher often worked alongside participants in seaweed harvesting and pro- 331
cessing, which shaped both access and interpretation. This dual role as observer and con- 332
tributor introduced potential biases, mitigated through regular reflexive journaling and 333
mentorship. Regular mentorship and iterative dialogue supported ethical engagement 334
and interpretive rigour [75; 76]. All participants provided informed oral consent [77]. 335
Anonymization was applied to protect confidentiality, except in cases where participants 336
requested attribution, such as public-facing staff and officials. Data were stored securely 337
in line with GDPR requirements, with access limited to the research team. Ethical ap- 338
proval was granted by the University of Wales Trinity Saint David Faculty Ethics Com- 339
mittee in April 2024, and all research was conducted in accordance with the ASA Ethical 340
Guidelines [77]. 341

4. Narratives of Aquaculture at Car-y-Mor 342

The following discussion is based on insights revealed by our interlocutors during 343
participant observation at Car-y-Mor. Embedding this anthropological methodology 344
within a transdisciplinary approach that emphasizes the importance of paying attention to 345
voices and expertise outside academia [5, 52, 53, 54] has allowed interesting and unex- 346
pected insights to emerge that challenge society’s reliance on the technofix to solve our 347
environmental problems. It demonstrates the effectiveness of this approach for teasing 348
out the real-world challenges faced by small community businesses who are endeavour- 349
ing to navigate their way to a viable and sustainable future. Here we highlight three key 350
themes: the challenges of technocratic restraints, the importance of situated embodied 351
knowledges and how the community negotiates the gap between their sustainability ide- 352
als and the realities of daily labour. Our discussion highlights the voices of the community 353
at Car-y-Mor, bringing this thread of situated and embodied knowledge to the fore, while 354
recognizing that the necessity of learning from the realities of human experience “does 355
not diminish the relatively important and somewhat privileged role of science” [53] (p.6). 356

4.1. Regulatory and Licensing Burdens 357

This section explores how licensing regimes, fragmented authority and risk-averse 358
decision-making constrain community initiatives, creating disproportionate burdens for 359
small-scale regenerative farms. Car-y-Mor’s daily operations are continually shaped by 360
institutional systems [42, 78, 79] that privilege standardization, procedural legibility and 361
narrowly framed outputs. These frameworks often marginalize situated knowledge and 362
ecological adaptability in favour of abstract, quantifiable indicators [38, 39]. As one team 363
member noted, “We’re working with the tides, the seasons, the weather, and they want quarterly — 364
outputs in a spreadsheet. It just doesn’t translate,” capturing the gap between technocratic = 365
metrics and lived practice. 366

Among the most persistent challenges is marine licensing [80], described by one staff 367
member as “eating time like nothing else, we're farming seaweed, not chasing emails, but it feels 368
like half the job is policy work.” For Car-y-Mor, these difficulties were compounded by the 369
farm’s operation across three sites, two for shellfish and one for seaweed, each subject to 370
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distinct regulatory frameworks. Under the standard licensing route, Natural Resources 371
Wales (NRW) coordinates statutory consultation with other agencies, including the Ma- 372
rine and Coastguard Agency (MCA), Trinity House and conservation bodies, reducing 373
the need for applicants to manage every contact themselves. However, when Car-y-Moér 374
attempted to pursue a shellfish exemption, responsibility for coordination shifted onto the 375
farm. They had to approach MCA and Trinity House directly, and both declined to con- 376
firm exemption status. What had seemed a lighter-touch alternative became instead a 377
source of prolonged uncertainty, leaving the farm caught between overlapping regimes 378
and exposed to retrospective challenge. 379

From NRW’s perspective, regulation is necessary to protect sensitive ecosystems. 380
Staff emphasized that even small-scale projects can cause significant ecological harm if 381
poorly located, pointing to risks for reef habitats, seagrass beds and entanglement with 382
species such as seahorses. They also suggested that some seaweed farmers resist licensing 383
not only because of bureaucracy, but because they view their activities as inherently ben- 384
eficial and therefore struggle to accept the need for regulation. For Car-y-Mor, however, 385
the issue was not the principle of regulation but the practical burden of engagement. 386
When NRW representatives visited the farm, the day was remembered less as a construc- 387
tive dialogue than as another disruption to overstretched operations. These dynamics 388
show that licensing for regenerative aquaculture is complicated and nuanced: regulatory 389
caution serves vital ecological goals, but the way procedures are structured often places 390
disproportionate burdens on small-scale projects. 391

These tensions echo broader findings across the UK licensing system, which has been 392
criticized for similar challenges. The End-to-End Review of Marine Licensing [81] found that 393
the process is widely regarded as overly complex, duplicative and unpredictable, with 394
delays and inconsistencies that create uncertainty for applicants. It noted that require- 395
ments often impose disproportionate burdens on small enterprises, which lack the re- 39
sources to navigate lengthy consultations, environmental assessments and overlapping 397
agency demands. The review called for greater clarity, proportionality and streamlining 398
of procedures, including better inter-agency coordination and more flexible approaches 399
to low-risk projects. 400

Further complications arise from fragmented authority, outdated exemptions and 401
risk-averse decision-making. One staff member described the system as “absurd,” recalling 402
how “we have to prove we’re exempt, and then they still say they might fine us later.” Past con- 403
troversies over seaweed licensing in Cornwall (England) were said to have made regula- 404
tors more reluctant to authorize new applications. As another staff member putit, “Nobody 405
wants to be the one that says yes, so they just keep stalling until you give up.” As Scott [32] 406
argues, bureaucratic systems often default to inaction to avoid accountability, managing 407
complexity through procedural delay rather than responsive engagement. In this way, 408
stasis becomes a form of institutional self-preservation, where the appearance of due pro- 409
cess masks underlying paralysis. 410

To navigate these hurdles, the farm has pursued both a temporary one-year licence 411
extension, used as a stopgap to avoid dismantling infrastructure, and a full licence appli- 412
cation for long-term expansion. Managing both tracks simultaneously is labour intensive = 413
and diverts limited capacity away from core priorities. From the regulator’s perspective, 414
the direct cost of a Band 2 licence for seaweed or shellfish farming is around £2,500, rela- 415
tively modest compared with other marine activities. Yet NRW staff also acknowledged 416
that small community farms often require far more than the standard allocation of 16 of- 417
ficer hours, in some cases ten times more, creating hidden costs in delays, uncertainty and 418
paperwork. 419

Responsibility for navigating this complex bureaucratic landscape at Car-y-Mor has 420
largely fallen to a single staff member, who juggles licensing alongside core duties such 421
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as tank maintenance and species monitoring. “It’s been my life for the last eight months,” they 422
explained. “Three or four days a week just chasing agencies, coordinating calls, writing emails, 423
waiting for people to reply.” While some individuals within NRW offer informal support, 424
broader cross-agency communication remains slow and fragmented. “Even getting one per- 425
son from each organization in a room at the same time takes a month of emails.” This lack of 426
coordination causes not only operational delays but growing emotional strain. Staff are 427
left to sustain momentum within a system that offers little flexibility or clarity. One staff 428
member attributed a colleague’s departure directly to this pressure: “It actually made Justin =~ 429
quit. He got so disheartened going round in circles and never feeling like he got anywhere.” The 430
weight of reporting, licensing, and compliance obligations takes a cumulative toll —not 431
only stretching material resources, but also eroding morale. “You learn how to push an in- 432
flexible system forward. It's a shit talent. You shouldn’t have to have it, but you do,” another staff 433
member reflected, capturing the quiet exhaustion of trying to innovate within a structure 434
resistant to change. Although a temporary licence extension had been secured at the time, 435
staff acknowledge that it offers only a brief reprieve. As one explained, “It’s not the main 436
one, but it gives us a bit of time to not stress about how to take things out of the water.” While the 437
extension provides some short-term breathing room, it does little to resolve the deeper 438
systemic uncertainties that continue to undermine long-term planning, strain limited ca- 439
pacity, and challenge the organization’s ability to remain focused on its core mission. 440

A key obstacle to obtaining a full licence has been the visual impact assessment. The 441
initial report was rejected with limited feedback and the team now faces the prospect of 442
commissioning a professional consultant to revise their submission, at an estimated cost 443
of £10,000. “If the parks don’t like it, we might have to hire this environmental guy to write a 444
report that ticks all the boxes,” one staff member remarked, underscoring how opaque stand- 445
ards and escalating costs can turn what appears to be a technical requirement into a gate- 446
keeping mechanism. This situation illustrates a deeper pattern in which regulatory pro- 447
cesses, though framed as objective and evidence-based, systematically favour those with 448
the financial and institutional capital to navigate them. This underscores how environ- 449
mental assessment regimes privilege actors who can afford external consultants, margin- 450
alizing community-based ventures reliant on embodied skill and mutual trust. Detailed 451
marine ecology studies have likewise been rejected based on generic criteria like “moder- 452
ate” or “major” visual impact, with little room for context-specific insight. As one staff 453
member noted, “They basically came back and said, ‘We don’t agree with your assessment.” But 454
it’s completely subjective.” 455

These licensing and assessment challenges reveal a deeper epistemic disjuncture. 456
Regulatory frameworks tend to reward abstract, desk-based expertise while penalizing 457
the embodied, iterative knowledge that grounds small-scale sustainability (see discussion 458
below). “I spend days writing about things I could just show you in five minutes out on the wa- 459
ter,” one staff member explained. As Li [39] and Scott [38] argue, such regimes mistake 460
legibility for legitimacy, privileging metrics over meaning. Project-based funding systems 461
impose parallel constraints; grants demand measurable outputs and time-bound mile- 462
stones, forcing the team to translate its fluid, relational work into policy-friendly terms. 463
“We're constantly translating what we do into the language of innovation and impact, even though 464
that’s not really how it works here.” These rhetorical accommodations risk obscuring the very 465
knowledge systems that make sustainability viable. Tsing [15] reminds us that improviza- 466
tion and adaptability, traits that are essential to ecological resilience, are often invisible to 467
bureaucratic assessment. 468

These frictions are intensified by a fundamental mismatch between institutional 469
timelines and ecological rhythms. Regulatory processes unfold according to administra- 470
tive calendars, risk cycles and funding deadlines, whereas ecological work, particularly in =~ 471
regenerative aquaculture, operates according to non-linear, seasonal and often 472
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unpredictable patterns. As one team member put it, “If you cook a load of crab, it only stays. 473
You've got to sell it right. It’s going to go off.” At the time, two refrigeration units were bro- 474
ken, compounding the logistical pressure and highlighting how infrastructure failure 475
quickly cascades into biological and economic risk. This temporal mismatch is more than 476
a scheduling problem, it reflects what Sharma [82] calls temporal governance, where 477
power is exercised not only through control over resources but through control over time. 478
For small, community-owned enterprises, the requirement to synchronize with bureau- 479
cratic procedures often means holding regenerative practice hostage to institutional pace. 480
“We can’t just sit around waiting for permission,” one staff member noted. “The sea doesn’t 481
wait for your paperwork to come through.” Even as the farm is celebrated as a model of re- 482
generative innovation, its daily operations are held together through improvisation and 483
triage, as staff navigate temporal strain with limited resources. In dominant Blue Economy 484
narratives [83], sustainability is increasingly equated with scale, capital intensity and ex- 485
port value, metrics that privilege long-term investment horizons and industrial efficien- 486
cies. As another staff member explained, “We're not anti-policy, but the infrastructure just 487
isn’t built for us.” The result is a structural mismatch: a system that recognizes regenerative 488
practice in theory, but undermines it in practice through misaligned timelines, narrow 489
definitions of value and a persistent failure to accommodate small-scale temporalities. The = 490
complications of the licensing system’s complex desk-based procedures fail to take ac- 491
count of the realities of practising aquaculture because they are developed by office-based = 492
personnel. By emphasizing the experiences and voice of our societal partners at Car-y- 493
Mor, our research highlights the need for policy makers and governing institutions to find 494
a way not only to streamline their procedures but perhaps more importantly to co-create 495
these with the real-world experts. 496

4.2 Embodied Knowledge and Collective Practice 497

Here we show how knowledge at Car-y-Mor is generated through practice, immer- 498
sion and gendered relational expertise, offering an alternative to the abstract, codified 499
forms of knowledge privileged by institutions. Whereas licensing highlights how external 500
frameworks elevate abstract metrics over lived experience, the daily operations of the 501
farm provide a counterpoint, where knowledge emerges through situated engagement 502
with place and practice. Regenerative aquaculture here is sustained not through codified 503
protocols or formal instruction, but through embodied, relational and often gendered ex- 504
pertise. As scholars of practice theory and feminist epistemology have argued, knowledge 505
is not only what is known but how it is known, emerging through repetition, attention 506
and being attuned to more-than-human rhythms [59, 68, 69]. These are not supplementary 507
ways of knowing, but foundational to how sustainability is understood and enacted on 508
the ground. As one team member put it, “You can’t learn this in a course. You learn it by doing 509
it, again and again, in the water, with your hands.” 510

Car-y-Mor’s organizational structure, shaped by biomimetic principles [41], rein- 511
forces this experiential learning. Hybrid roles are the norm, with staff often switching be- 512
tween seaweed harvesting, shellfish sorting, infrastructure maintenance, education and 513
logistics in the space of a single day. “There’s no typical shift here,” one worker said. “You 514
might be doing ropes in the morning and hosting a school group in the afternoon.” This cross- 515
functionality builds ecological literacy and fosters a systems-level view of the work. The 516
farm’s internal metaphors, often drawn from marine ecology, frame this flexibility as a 517
form of mutualism, where strength comes from interdependence and adaptive overlap. 518
In these varied situations, learning unfolds through informal and intergenerational men- 519
toring and immersion. New staff are not trained through manuals but through appren- 520
ticeship-like observation and hands-on, immersive learning. “You just pick it up,” one per- 521
son explained. “You watch, you listen and then you start to know.” This pedagogy is relational 522
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rather than didactic, relying on proximity, repetition and attention. It reflects what Ingold 523
[84] terms an “education of attention,” where skill is cultivated through close sensory en- 524
gagement with materials and environments (Figure 5). 525

The nonhuman world is not passive in this process. Seaweed, tides, weather patterns 526
and the behaviour of shellfish are all active participants [85] that shape how and when 527
work is done. Decisions about harvesting or processing are rarely made by fixed proto- 528
cols. Instead, they are grounded in a constant dialogue with environmental conditions. 529
Staff describe using their senses, touch, sound, smell and even visual cues from the sea, to 530
determine timing and technique. “If it rattles wrong, it’s not clean,” one participant ex- 531
plained while sorting mussels. “You just know from the sound.” Others spoke of how rope 532
tension changes with wave activity or how seaweed texture signals nutrient density and 533
readiness for processing. These are not incidental observations, but central components of 534
what Puig de la Bellacasa [86] describes as a more-than-human pedagogy: a mode of learn- ~ 535
ing where human knowledge emerges through attentive, ongoing relationships withnon- 536
human life. In this context, tides teach timing, seaweed signals environmental shifts and 537
shellfish behaviour reflects ecosystem health. The farm’s entire rhythm is structured 538
around these cues, which are not merely observed but felt and interpreted through re- 539
peated, intimate contact with the environment. Rather than viewing nature as a passive 540
backdrop or resource to be managed, Car-y-Mor’s workers treat ecological conditions as 541
dynamic collaborators [85] in the production of knowledge and the pacing of daily work. 542

543

el 544

Figure 5. Stained hands, resulting from continued embodied engagement with sea- 545
weed. Source: Gareth Thomas 546

547

Gender and intergenerational learning play a central role in how this expertise is em- 548
bodied and recognized at Car-y-Mor. Older members of the organization provide anchor- 549
ing knowledge, not through formal training but by working alongside newer staff, mod- 550
elling rhythms, techniques and judgement honed over time. “You learn more in a week 551
watching them than in any training manual,” one younger worker remarked. This is a form 552
of apprenticeship structured by observation and repetition, where embodied knowledge 553
is transferred through shared tasks and subtle cues. “It’s not just how to clean a rope. It's how 554
to know when not to. That kind of knowing takes seasons,” another added. This situated peda- 555
gogy is not gender neutral: women at Car-y-Mor occupy technical, managerial and logis- 556
tical roles that cut across traditional gendered boundaries. They repair infrastructure, lead 557
processing, negotiate with buyers and manage farm logistics. “I fix ropes, I gut crabs, I ne- 558
gotiate with chefs. It’s all part of what we do,” one woman explained. Their knowledge is 559
strategic, skilled and formed through sustained engagement with both ecological pro- 560
cesses and social relations. As one participant put it, “I've worked with fishermen for six years 561
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and never felt I was treated differently. If anything, they respect you more when you know what 562
you're doing.” 563

Rather than treating gender as a demographic marker or women’s work as inherently 564
nurturing, Car-y-Mor reflects what feminist political ecologists have long argued: sustain- 565
ability is enacted through gendered, material and relational practices that are often ren- 566
dered invisible in policy and scientific discourse [71, 87, 88]. These practices are not tech- 567
nical efficiencies or by-products, but part of a consciously maintained feedback loop, an 568
expression of situated expertise in which use, meaning and labour are mutually entan- 569
gled. In this sense, regeneration at Car-y-Mor is not a technical output, but a layered pro- 570
cess of social, ecological and epistemic repair, one in which skill, care, gender and inher- 571
itance are mutually entangled. The farm’s pedagogies are not structured as formal train- 572
ing programmes, but as ongoing, lived relationships with place, people and the sea. 573

4.3 Scaling, Labour, and Orginsational Frictions 574

Finally, we examine how scaling introduces new forms of friction, as the cooperative 575
ethos of Car-y-Mor is tested by increasing managerial demands, uneven labour and exter- 576
nal funding pressures. While licensing exposes how external frameworks marginalize lo- 577
cal knowledge and embodied expertise provides a grounded counterpoint, scaling reveals 578
how internal practices must continually negotiate the gap between regenerative ideals 579
and the uneven, often invisible burdens of everyday labour. This tension is not unique to 580
Car-y-Mor, as scholars of political economy and organizational theory have noted, even 581
within care-based or cooperative systems, growth can introduce new forms of friction, 582
informal hierarchy and structural compromise [89, 90, 91]. Adaptability and mutualism, 583
hallmarks of regenerative work, do not eliminate power imbalances but rather reshape 584
how they are distributed, experienced and managed. At Car-y-Mor, these tensions have 585
become more pronounced as the organization scales to meet infrastructure, funding and 586
regulatory demands. Public and private investment, such as the DEFRA grant and social =~ 587
investment loan, require not only increased capacity but also accountability through for- 588
mal systems. As one participant put it, “We had to scale to survive, but once you scale, you 589
can’t run on vibes alone.” While technocratic systems prioritize standardization and meas- 590
urable outputs, regenerative practice at Car-y-Mor is grounded in adaptation, relational 591
work and embodied care, approaches that support resilience but can generate friction 592
when confronted with the pressures of scaling and institutional change. This is particu- 593
larly the case when market conditions and funding frameworks compel scale not as a 5%
choice, but as a condition of survival. 595

Car-y-Mor’s vision of regenerative practice was operationalized through a flat pay 59
structure, informal decision-making and decentralized coordination. Yet as the organiza- 597
tion has scaled, these ideals have been stretched. The informal and adaptive structure that 598
once enabled flexibility has begun to solidify into new hierarchies. Longer-serving staff 599
have taken on managerial roles and a formal management system is slowly emerging in 600
response to growing operational and compliance demands. While all employees continue 601
to earn the same hourly wage, the distribution of responsibility is increasingly uneven. As 602
one staff member noted, “The pay is flat, but the workload definitely isn’t.” Seasonal fluctua- 603
tions intensify this imbalance and staff frequently move between roles in seaweed har- 604
vesting, community engagement, logistics and visitor events (Figure 6). This role fluidity 605
supports adaptability but also obscures labour expectations and produces uneven work- 606
loads. These dynamics reflect what Berlant [73] calls cruel optimism: the desire for mean- 607
ingful, ethical work that becomes compromised by the conditions through which it must 608
be pursued. At Car-y-Mor, aspirations toward flat hierarchy and shared responsibility 609
collide with the organizational pressures introduced by the need to meet funder expecta- 610
tions, regulatory requirements and market viability. The original relational governance 611
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model was never designed to accommodate these demands. As a result, the scaling pro- 612
cess has intensified reliance on key individuals who take on informal leadership roles 613
without formal recognition or support. Longstanding commitments to care and fairness, 614
while still central to the farm’s ethos, can obscure these emerging imbalances. As one staff 615
member put it, “There’s no job description, but if something needs doing, you do it.” 616

617

= AR 618

Figure 6. Intergenerational community event at Car-y-Mor, June 2024. Source: 619
Gareth Thomas 620

621

In this context, adaptability often functions less as empowerment and more as en- 622
durance. As feminist political ecologists argue, systems grounded in relational labour and 623
care are not inherently equitable; they must be actively sustained through transparency, 624
support and ethical clarity around roles and responsibilities [87]. Without this, even well- 625
intentioned regenerative models risk reproducing the very forms of exhaustion and ex- 626
clusion they seek to resist. Car-y-Mor’s experience underscores that sustaining a cooper- 627
ative ethos at scale requires not only values but active structures of care, recognition, and 628

renewal. 629
630
5. Conclusions 631

Car-y-Mor’s story illustrates that regenerative sustainability is not simply an ecolog- 632
ical or technical goal, but a relational, institutional and epistemic practice, one forged 633
through daily negotiation with systems not designed to support it. As this paper has 634
shown, the farm’s place-based knowledge, gendered expertise and improvisational care 635
practices operate within an infrastructure of governance that privileges legibility, stand- 636
ardization and compliance. These technocratic logics, while framed as neutral, systemati- 637
cally obscure the embodied, iterative and context-specific ways in which sustainability is 638
learned and enacted. The frictions that emerge are not only bureaucratic. They are also 639
temporal, emotional and ethical. Licensing delays, risk-averse decision-making and rigid 640
grant cycles disrupt the ecological rhythms that guide regenerative work. The pressure to 641
translate lived practices into policy language, to scale for survival and to absorb uneven 642
labour expectations exposes the limits of cooperative ideals under institutional strain. 643
Scaling, in this context, demands not only more capacity, but also compromises, of time, 644
energy and values. As feminist and political ecological scholarship reminds us, the ethics 645
of sustainability must be actively maintained, especially where care, adaptability and in- 646
formal labour risk being stretched to breaking point. 647

And yet, despite these tensions, Car-y-Mor offers a vital counterpoint to dominant 648
sustainability models. Its practices centre multispecies attentiveness, embodied pedagogy 649
and relational governance. These are not peripheral elements but core to the farm’s 650
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ecological and social resilience. What emerges is not a blueprint for replication, but a liv- 651
ing case of sustainability-in-the-making, shaped by constraint, conflict and care. The farm 652
shows that regenerative transformation depends not only on ecological restoration, but 653
on institutional reorientation. If community-led sustainability is to thrive, it must be sup- 654
ported by systems that do more than acknowledge alternative knowledge. It is licensing, 655
funding and policy systems that must adapt to accommodate these practices, not the other 656
way around. This requires reimagining how success is defined within regulatory frame- 657
works, grant mechanisms and institutional evaluation, and making room for slower, 658
messier, smaller-scale and more participatory ways of working. Without such changes, 659
the practices most attuned to environmental care will remain the least recognized, sup- 660
ported, or viable. 661
Our findings are grounded in anthropological research, interviews with farm mem- 662
bers, directors, regulators and volunteers and analysis of policy and licensing documents. 663
This methodological depth provides a rich and textured account of how governance struc- 664
tures intersect with everyday practice. While our study is centred on Car-y-Mor, the anal- 665
ysis is illustrative of wider dynamics seen in small-scale aquaculture in comparable con- 666
texts, offering transferable insights for integrating community expertise into marine plan- 667
ning and licensing. 668
Taken together, these insights demonstrate the methodological contribution of trans- 669
disciplinary humanities-informed sustainability science. By combining ethnographic par- 670
ticipant observation with relational analysis, and by foregrounding the voices of practi- 671
tioners, our study contributes to a growing body of work that seeks to reframe sustaina- 672
bility not as a technical problem with technical solutions, but as a lived, situated and ne- 673
gotiated process. In doing so, it highlights that responses to climate change must attend 674
not only to ecological metrics and the institutional systems and epistemic commitments 675
that enable or constrain regenerative practice, but equally should embed local knowledge 676
and expertise. 677
678
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