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Abstract

Regenerative design, in which agricultural practices are organized to work with nutrient cycles and successional processes, is
increasingly being explored in food systems research and practice. In this commentary, I explore whether regenerative design
concepts can be adapted to marine contexts, given increased global interest in the potential of marine ecosystems to support
sustainable development, i.e., the blue economy. There are numerous fundamental ecological differences between terrestrial
and marine ecologies that make it difficult to directly translate regenerative farming’s focus on managing the nutrient cycle.
However, building on a framework for regenerative food systems that focuses on how production activities are organized
rather than the specific practices and technologies in use, I find multiple useful parallels to familiar patterns in the fisheries
literature, specifically, fishing down the food web, poverty traps, and portfolio-based fishing. I conclude with a discussion of
directions for research on regenerative fisheries and concerns regarding the potential for greenwashing under the banner of

a regenerative blue economy.
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Introduction

Discussions about the future of terrestrial and marine food
systems are rapidly shifting in tenor, moving from the now
well-worn language of sustainability to arguably less anthro-
pocentric framings that centre nature as much as people,
e.g., regenerative and nature-positive solutions (Gaupp et al.
2021; Loring 2021). In terrestrial food systems research, re-
generative agriculture—a form of agroecology that seeks to
improve soil health and increase biologic carbon sequestra-
tion while also producing diverse and nutritious foods—is
gaining ground as an alternative framing to sustainable agri-
culture (White 2020; Loring 2021). In the world of fisheries,
there is similarly burgeoning interest in the notion of a “blue
economy” that can be built around practices that provide
nutritious and climate friendly food while restoring marine
ecosystems and capturing and sequestering carbon in the
ocean (Lovelock and Duarte 2019; Gentry et al. 2020; Koehn
et al. 2022).

Many wild-caught fisheries are maximally fished or over-
fished, however, so the increasing global demand for aquatic
foods that the blue economy narrative represents evokes
multiple concerns given the depleted and arguably tenu-
ous state of marine biodiversity (Costello et al. 2016; FAO
2022). For the last three decades, growth in the aquacul-
ture sector has comprised almost all of the growth seen in
global consumption of aquatic foods (FAO 2022), and numer-
ous matters related to the impacts of aquaculture on ma-
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rine ecosystems and the societal promises it can fulfil re-
main hotly debated (Barrett et al. 2019; Farmery et al. 2021).
And, while it is true that many wild-caught fisheries have es-
tablished reputations for sustainability, recent developments
and surprise population declines in high-profile fisheries are
bringing this dogma into question (Palomares et al. 2020;
Cheney 2021). Even American lobster fisheries, which have
long been considered a sustainability success story (Acheson
1990), are now being reconsidered because traditional prac-
tices in the fishery have negatively impacted ecosystem struc-
ture and species of concern (Steneck et al. 2011; Jacquet and
Pauly 2022).

In this paper, I explore whether a similar turn toward
the language of regeneration is possible and advisable for
marine fisheries and other ocean-based foods. There are
numerous fundamental ecological differences between ter-
restrial and marine ecologies, so it is important to explore
whether regeneration as presently understood in terrestrial
food systems sensibly translates to a marine setting. Below,
I introduce the concepts and science behind the regenera-
tive movement in agriculture and then argue that, despite
many differences and with some appropriate caveats and
adjustments, a regenerative systems framing can contribute
to how we think about the future of wild fisheries and
aquaculture. Further, I argue that this framing can also help
address critical oversights in current ways of thinking about
sustainability and the blue economy in general.
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Regeneration

In general, regenerative design seeks to work with or
otherwise mimic slow and fast cycles of ecological change,
such as nutrient cycling and landscape succession (Pearson
2007; Rhodes 2017). Much regenerative agriculture focuses
largely on soil and its role in the terrestrial nutrient cycle,
that is, the movement and exchange of inorganic and or-
ganic matter into the production of new matter. In practice,
regenerative agriculture often entails foregoing the use of
chemical fertilizers and tillage in favour of such practices as
crop rotation, fallowing, the use of nitrogen-fixing plants,
perennial plants, livestock, and minimized soil disturbance
(White 2020). Farmers implement these various practices in
a multi-year strategy with the goal of building soil nutrients,
structure, and microbial communities and sequestering
carbon in the soil and in plant matter (Newton et al. 2020).
In addition to the focus on soil, regenerative practices also
emphasize landscape-level biodiversity, foregoing the use of
chemicals for pest and weed control in favour of conserving
wild pollinators and cultivating resilience via beneficial
relationships with wild plants and other endemic wildlife
(White 2020). Finally, many proponents of regenerative agri-
culture, though not all, also argue for explicit societal goals,
such as safer and more equitable labour practices, improved
community health, and food sovereignty (Ikerd 2021).

Elaborating “regeneration” within the context of marine
systems would sensibly begin with an identification of the
appropriate aquatic analogues to soil and terrestrial nutrient
cycling. Marine nutrient cycles operate at very different
spatial and temporal scales than terrestrial cycles. While
microbial decomposition and nutrient recycling in soils
are relatively spatially discrete and happen at the scale of
individual plants, in a marine setting, nutrient cycling is
much more diffuse. While some amount of nutrient cycling
happens in the inshore region, much decomposition and
consumption of organic matter occurs in the deep ocean,
meaning that these nutrients are only available for primary
production in the euphotic, or surface zone, if they are
returned to the surface via upwelling.

Anadromous fisheries offer another spatial complication
for nutrient cycling. Fish such as salmon and alewives rely
significantly on marine-derived nutrients, spending much of
their life at sea feeding and growing. When they return to
their natal waters to spawn and die, they transport these nu-
trients upriver to terrestrial ecosystems (Walters et al. 2009;
Walsh et al. 2020). Anadromous fish are just one of multiple
documented examples in which the fate of marine nutrients
extends far from the locale of primary production (Vander
Zanden et al. 2012), some of which also involve active inter-
vention by human activities (Mathews and Turner 2017).

Thus, while a farmer can directly observe and intervene
in a relatively discrete nutrient cycle that happens within
the scale of their own land and practices, the marine nu-
trient cycle is much more diffuse, ostensibly extending
well outside the possible influence of individual fishers or
even entire fleets. To put this in ecological terms, when
farmers enact practices to build and conserve soil, they are
conserving bottom-up ecological controls at a very local-

ized level of organization. By comparison, most decisions
made in fisheries focus on specific target species and thus
contribute to top-down processes that can have much more
far-ranging impacts, e.g., through harvests of large predators
and omnivores (Baum and Worm 2009).

Ecosystem controls: top-down, bottom-up, and
wasp-waist

Absent straight-forward analogues for soil, an alternative
set of analogies for thinking about regenerative seafood can
be found in agroecology’s emphasis on cultivating diversi-
fied agroecosystems that are intentionally integrated with
wild biodiversity. Regenerative practices seek to emulate,
or replace, critical controls in ecosystems, specifically those
that seek to foster diversity and resilience (Pereira et al.
2018). Industrial agricultural practices simplify production
ecosystems to maximize individual commodity crops, but
agroecology instead seeks to maximize on-farm biodiversity,
both cultivated and wild, to produce a portfolio of foods
while also building resilience and creating space for regener-
ative processes to thrive. This is similar to the philosophy of
ecosystem-based fisheries management (EBM), which seeks to
scale out from a singular focus on target commodity species
to conserve and rebuild assemblages of species that are con-
nected via habitat and food webs (Pikitch et al. 2004). How-
ever, while much EBM in practice has retained a focus or bias
toward specific target species, there are also examples here
that take a whole systems approach and emphasize the move-
ment of energy and nutrients through the system (Dolan et
al. 2016).

Attention to the direction of ecosystem controls in fish-
eries, e.g., top-down and bottom-up, may also be key to think-
ing about regeneration in fisheries and other marine foods.
While fishing itself often functions as a top-down control
(Baum and Worm 2009); other patterns matter in marine food
webs, including bottom-up controls, where the small drive
the large via food supply, and wasp-waist controls, where
the middle (e.g., small pelagic fish) controls both the large
and the small (Cury et al. 2003). With respect to the lat-
ter, the contributions of forage fish to the productivity of
commercialized fisheries have been shown to be noteworthy
(Pikitch et al. 2014), suggesting that an emphasis on wasp-
waist dynamics may be an effective policy entry point for
management actions that conserve regenerative ecological
relationships. Importantly, regional biogeographic variation
plays an important role in determining which of the three
patterns of controls—top-down, bottom-up, or wasp-waist—
dominates specific community structures, e.g., the proximity
to upwellings (Cury et al. 2000). There is also the potential
for multiple stable states—where histories of environmental
change or human exploitation have pushed specific marine
communities from one control regime and food web assem-
blage to a second, perhaps depleted or coerced state (Cury et
al. 2000).

Atlantic lobster fisheries provide a robust example of an
anthropogenically coerced stable state—where the system
shows signs of long-term sustainability but fails to achieve
self-organization, and therefore requires constant manage-
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Fig. 1. Four food system regimes result from the diversity
of the system and flexibility of the harvest regime: 1) degen-
erative, where species are depleted sequentially; 2) coerced,
where ecosystem structure and productivity are coerced into
single species; 3) impoverished, where ecosystems are unable
to recover from depletion; and 4) regenerative, where fishing
and other management practices such as no-take zones and
protected areas complement or enhance energy and nutrient
cycling and ecosystem diversity. Adapted from Loring (2021).
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ment and subsidies to maintain the desired state (Angeler
et al. 2020). As noted, these fisheries have long been hailed
as sustainability success stories, but research has shown that
fishers’ long-established practices that favour the conserva-
tion of breeding lobsters have turned the Gulf of Maine
ecosystem into a veritable lobster monoculture (Steneck et al.
2011). Top predators are generally absent, and overall diver-
sity is low (Steneck and Wahle 2013). Moreover, the lobster
populations have become so large that they rely on signifi-
cant food subsidies in the form of baitfish (Grabowski et al.
2010). The predicament is remarkably similar to that seen in
industrial agroecosystems, where soils and landscapes are de-
void of diversity, lacking in resilience to pests and environ-
mental change, and heavily reliant on nutrient subsidies in
the form of petroleum-based fertilizers (Rist et al. 2014).

From coerced to regenerative systems

Coerced systems such as Atlantic lobster can be consid-
ered sustainable, at least for a time, but they become in-
creasingly brittle the longer they are coerced (Angeler et al.
2020; Heilpern et al. 2022). To understand why, it is helpful
to consider coerced systems within a broader organizational
framework that contrasts them with other possible patterns
of outcomes, including regenerative outcomes (Fig. 1). Else-
where, I argue that the regenerative capacity of systems can
be understood as an interplay among two key organizing
principles—flexibility and diversity—that together establish
four archetypes or categories of systems: regenerative, de-
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generative, coerced, and impoverished (Loring 2021). Because
this framework focuses on the organization of the food sys-
tem rather than the specific practices, technologies, or eco-
logical resources being cultivated and harvested, it is as appli-
cable to aquatic-based food systems as it is to terrestrial ones.

Of the four, degenerative systems—cases of fishing down
or through food webs—have been extensively discussed
in fisheries (Pauly et al. 1998; Essington et al. 2006). They
occur where economic priorities fixate on specific, highly
valued resources, and human use and management are too
inflexible to switch or diversify when the targeted species are
in decline. Only when a species collapses are fishers forced
to switch to the next resource in line. Coerced systems, as
described above, are like degenerative systems in that the
economic focus is relatively inflexible and focused on single,
high-value resources, but actions are taken to subsidize that
resource via external inputs at the expense of ecosystem
resilience. The third type, impoverished systems, often exist
as the legacy of past degenerative or coerced systems. That is,
these are systems where a previous regime of fishing caused
significant collapse, leaving ecosystems and also human
communities in a poverty trap (Cinner 2011). Newfoundland
cod fisheries provide a lasting and well-known example of
such a system, where neither the ecological communities
nor human communities have returned to anything similar
to a pre-collapse state despite many attempts to make such
a recovery possible (Schliiter et al. 2019; Sguotti et al. 2019).

The fourth and final type, regenerative systems, are those
where harvesters’ priorities are flexible and highly respon-
sive to the population dynamics of multiple species within
the ecological community. To my knowledge, no commer-
cial fisheries have been examined and identified from this
specific framing, though research on coral reef fisheries has
shown the potential for achieving win-win outcomes for both
fisheries and biodiversity (Cinner et al. 2016). Indigenous fish-
eries also offer a notable example, as traditional subsistence
systems for many Indigenous cultures incorporate fish as
just one part of a broader portfolio of aquatic and terrestrial
foods and a strategy of switching among multiple options in
response to changes in distribution and abundance (Berkes
2010; Loring and Gerlach 2010).

Pathways to regenerative fisheries

To move fisheries toward more regenerative configura-
tions, it is necessary to first develop a critical understanding
of their current state, specifically regarding which of the
four regimes described above any specific fishery presently
falls into. As noted, the state of many global fisheries is
contested. Some have made broad declarations regarding
the sustainability of multiple fisheries around the world
(Hilborn et al. 2020), but ongoing global declines in marine
biodiversity and biomass raise a question of whether the
regenerative processes that support these fisheries are intact
or if some fisheries only appear sustainable because, as with
Atlantic lobster, they are being coerced by practices that are
slowly remaking and simplifying the marine ecosystems that
support them.
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Different approaches will likely be necessary to steward re-
generative processes in marine ecosystems depending on the
nature of the fishery and the dominant ecological controls
at play from one system to the next. There are clearly critical
differences between the ecologies of aquaculture, sedentary
fisheries, and wild-caught fin fisheries, and understanding
these will be critical for designing and deploying effective
and appropriately scaled institutions.

Indigenous clam gardens along the northwest Pacific Coast
of North America are one example of a sedentary mariculture
system that exhibits a regenerative pattern. These gardens
are beach areas that people have constructed or modified
with a rock wall located near the low-tide line. High tides
deposit sand and other substrate on the shoreward side
of the wall, increasing the amount of habitat available for
clams and other species (Lepofsky et al. 2020). Historically,
clam gardens are a technology used to diversify and increase
food production, one that historically scaled with popula-
tion growth while not causing environmental degradation
(Holmes et al. 2022). While they have some features of a
coerced system, for example, the effort taken to create and
maintain the rock walls to favour a specific food resource, the
gardens have been shown to not only increase clam produc-
tivity but also contribute positively to adjacent biodiversity
and ecosystem structure (Cox et al. 2019; Cox 2021).

By comparison, strategies to promote regeneration in fin
fisheries will no doubt look very different. Even among fin
fisheries, there are dramatic differences among the ecolo-
gies of anadromous, small pelagic, and highly migratory
species, and these differences will no doubt require different
kinds of institutions operating at appropriate societal levels,
from highly localized approaches to expansive international
agreements. In settings where wasp-waist controls play a
significant role in overall ecosystem structure and function,
for example, forage fish may be a critical indicator species
for understanding how to best structure a fishing portfolio
that works with rather than against wasp-waist dynamics.
In other settings, attention to predator species may be more
appropriate if ecosystems have coevolved around top-down
controls, e.g., keystone species, for rebuilding impoverished
marine ecosystems. There is likewise evidence that protected
areas and strategic closures enhance fisheries biomass while
not necessarily disrupting fisheries, which may signal that
spatial management approaches are effective at promoting
ecosystem-wide regeneration (Di Lorenzo et al. 2016; Cinner
et al. 2019).

Cinner and colleagues (2019) report on one such system:
a customary system of rotational closures in reef fisheries
in Papua New Guinea that enhances the biomass of fished
species. The system is similar in function to fallow practices
in agriculture, in that the closures afford the ecological com-
munity time to recover from fishing pressure. The authors
note, however, that despite the periodic short-term biomass
gains provided by the closures, data for a 16-year period sug-
gests that overall fisheries biomass is declining. This could be
interpreted as evidence of coercion, or that fishing pressure
remains too high for the customary fallow system to mitigate.
The latter has been observed in swidden agricultural systems,
when pressures from markets and demographic change push

farmers to shorten their fallows and flip the practice from re-
generative to degenerative in nature (Kleinman et al. 1995).

Self-organization is an important difference between co-
erced and regenerative systems that may be a critical bench-
mark for disentangling the two. As noted earlier, Angeler et
al. (2020) argue that coerced systems are those that fail to
self-organize, and instead achieve some level of homeosta-
sis via the application of ad hoc subsidies and other input-
intensive human interventions that prop up specific, highly
valued resources. A self-organized system, by comparison,
is one that has developed through a mix of agency, adapta-
tion, and selection, with sufficient social and ecological feed-
backs to maintain some level of stability in the face of change
(Lansing 2003). Generally, these feedbacks entail both impor-
tant ecological relationships as well as flexible and highly
adapted social institutions capable of learning from and re-
sponding to change. Self-organization is evident in the exam-
ples of clam gardens and reef fisheries above, in that both are
deeply embedded in local social and cultural systems. How-
ever, there are limits to the resilience to external drivers of
change that self-organization provides: colonialism drove the
collapse and abandonment of clam gardening, and contem-
porary societal demands on reef fisheries appear to be push-
ing the customary system of closures past its regenerative po-
tential.

While the above two examples are traditional and small-
scale in nature, this final point about the role of exogenous
social and economic pressures is critical to commercially
developed fisheries as well. Market forces can lag behind
ecological changes, and fishers do not always respond in
straightforward ways to economic incentives in multispecies
fisheries (Birkenbach et al. 2020). Consumer seafood purchas-
ing behaviour has been shown to change relatively quickly
as supply changes (Stoll et al. 2021), so human dimensions
research could explore how best to govern and incentivize
fisheries and arrange value chains such that fishers can
respond quickly to ecological feedback by switching to
alternative species while not sacrificing market access or
livelihood stability. As with agroecology’s inherent attention
to justice, a regenerative food system framing for fisheries
may align well with the needs and issues facing small-scale
fisheries (Short et al. 2021). In all cases, it is clear that
the broader socioeconomic system in which fisheries are
managed ought to approach them with a level of flexibility
that works with both human needs and critical ecological
patterns and processes.

A word of caution is important here regarding greenwash-
ing. Already in agribusiness we are seeing numerous ques-
tionable proclamations and commitments to regenerative
practices with little transparency or clarity regarding how
outcomes can be measured and monitored (Tittonell et al.
2022). Given that, as explained above, marine nutrient cycles
and successional processes are far more geographically dif-
fuse and difficult to monitor, any claims regarding the regen-
erative qualities of specific fisheries or other marine resource
harvests should be considered with a high degree of skepti-
cism. More science, including at the policy-practice interface,
is necessary to fully explore the coherence of regenerative
system design in a marine context.
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All of this is perhaps yet another rationale for reorient-
ing how we approach fisheries, from treating them as re-
sources to acknowledging their critical and complex role as
food (McClanahan et al. 2013; Levkoe et al. 2017). A next step
would be to reconsider fisheries case studies in a way that
links explicit modeling of the dominant ecological controls in
marine food webs with the social and market factors driving
harvest and enabling or limiting harvest diversification and
flexibility. Just as there may be cases of sustainable fisheries
that are in fact coerced and in need of re-evaluation, there
may also be fisheries regimes (e.g., small-scale fisheries and
alternative seafood networks) that are successfully making
space for ecological regeneration while also providing food
and economic services to society. At a minimum, it is clear
that we need to address the market fetishization of high-
value commodity species, as this culture of fishing creates
strong economic incentives against moving toward regener-
ation.
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