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ABSTRACT
This paper looks at the institutional emergence, particularly space rights, within the
culture of the Peruvian bay scallop (Argopecten purpuratus) in Sechura Bay. The
institutional system developed within a period of 20 years from an open-access,
gold rush scenario to a rather structured, formal activity – however, still relies on a
lot of informality. This work uses the matrix provided by the material dependency
framework presented in this special issue distinguishing between nature, human
and hybrid-made materialities that influence the emergence of institutional
structures, on the one axis and path-, inter- and goal dependencies on the other
axis. In this work, we argue that existing natural (high environmental risks
associated with scallop culture in this setting), hybrid (need to process quickly) and
human-made (export-oriented production) materialities have shaped different path
dependencies in institutional development in favour of larger firms who gradually
took over the control of scallop production from small-scale producers, who in
turn became piece wage labourers. Yet, the realities of both actors are necessarily
intertwined, with informal loop holes being intentionally left open, shaping
different institutional solutions over time. Applying the material dependency
framework shows how materialities and goal dependencies are intertwined in this
particular case of scallop bottom aquaculture.
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Introduction

Aquaculture is the most quickly growing food sector worldwide: with an annual growth rate of 5.3% (for the
period 2001–2018), the sector is expanding faster than other food-producing industries (FAO, 2020). It has a
lot of potential in relation to food security and to solve sustainability issues in relation to wild-catch fisheries
(e.g. Barange et al., 2014; Gentry et al., 2017). However, as it can be clearly observed, aquaculture is also not a
silver bullet, but it comes along with social, economic and ecological challenges. Through the occupation of
formerly open-access marine space, extensive aquaculture is regularly related to forms of sea grabbing, it capi-
talizes the sea and therewith often excludes the poor (Campling & Colas, 2021). And despite the global dis-
course often promoting aquaculture as the ultimate solution to meet the growing nutritional demand of
the increasing world population, important parts of aquaculture production done in the global South produce
seafood for export to Western markets (North America, European Union). It is not necessarily used for
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feeding local populations (Garlock et al., 2020). In many countries, small pelagic fish is reduced to fishmeal/oil
to be used as feed input for aquaculture and is thus not available anymore for vital human consumption (Cash-
ion et al., 2017; Majluf et al., 2017). Depending on the species cultured, aquaculture facilities interact with the
surrounding environment in many ways, generating both costs and benefits at different social, economic and
ecological scales (Kluger & Filgueira, 2021). Entire ecosystems may be destroyed, either because of space
requirements or a high nutrient and pollution load (for an overview of aquaculture–environment interactions,
see e.g. Edwards, 2015). Such a fast-growing sector, hardly existing 30 years ago, requires a lot of governance
mechanisms to be developed allowing a sustainable path. This strong need for the development of governance
mechanisms is sharply in contrast with the little amount of literature on the topic (Partelow et al., 2021).

Aquaculture production, might it be pond-based, or flow-through systems or mariculture, is always a
highly interdependent social-ecological system (Asche et al., 2016; Naylor et al., 2021). The fluidity of water
and the industrial intensity at which it takes place are just some of the reasons for those strong interdepen-
dencies. From this perspective, it seems obvious that, on the one hand, materialities of the natural but also
human-made environments have a strong influence on the potential and possible governance regimes. On
the other hand, the prevailing governance regime – due to the new emergence of the sector, it is often a lais-
sez-faire regulation – has strong influences on the materialities, i.e. converting completely the appearance and
functions of, for example, an estuary or bay. Not only that there is a lack of academic literature on governance
challenges on aquaculture. Governance scholars, usually having a social science background, also focused for
long mainly on social and economic characteristics influencing the governance regime (Bear, 2013; Epstein
et al., 2013; Vogt et al., 2015) and only recently the material characteristics, the ecological fit gets more atten-
tion (Duineveld et al., 2017; Epstein et al., 2015). This is confirmed also for the field of aquaculture. Out of the
roughly 2900 social science contributions to aquaculture in Scopus, nearly 1800 have an economic focus, in
which marketing and supply chains play important roles. Roughly 600 papers research explicitly governance
issues. Ecology plays a major role. However, an explicit perspective on materialities, might it be of nature, of
products or technology is rare (19 out of which 14 come from the last five years; for example: Fairbanks, 2019).
The special issue to which this paper is contributing to is aiming to fill that gap within environmental govern-
ance as a whole. This particular paper contributes to the fast expanding aquaculture sector. Having an under-
studied governance system like that of aquaculture, which is due to its characteristics highly interdependent on
material properties, makes it a particular interesting study object.

This paper is a case study that applies the material dependency framework developed by Van Assche and
colleagues in this special issue to the emergence of governance of scallop culture in Sechura Bay in the North of
Peru (Figure 1). Apart from filling the observed gap of governance analysis in the aquaculture sector, it has the
objective to provide a better understanding between materialities and their influence on governance evolution.
Governance, to a good degree characterized by different types of institutions, is understood ‘as radically evol-
utionary: all elements of governance are subject to evolution, they co-evolve, and most of them are the product
of governance itself’ (Van Assche et al., 2014, p. 5). By applying the material dependency framework, one also
learns about its usefulness.

Scallop bottom culture provides a good study case, as, first, it is more than other production systems relying
on the natural material property of the system – there is no additional feed required, scallops on the bottom
and fishers are completely exposed to the natural environment, scallops are extremely sensitive before and
after harvesting – and, second, it has seen a rapid institutional development within a period of 20 years, evol-
ving from a nearly unregulated system, with open-access to the sea floor, to a private property regime (Kluger
et al., 2019; Schlüter et al., 2021).

Within the Sechura case, there are two important, not necessarily always contradicting but, however, clearly
distinguishable visions on what the (governance) system shall look like: These are, on the one side, small-scale
fishers (SSF) and on the other side larger producers. SSF shaped the early onsets of scallop mariculture in
Sechura Bay, searching for new income opportunities by experimenting with the culture of a species that
was mainly targeted through fisheries before, ultimately providing grounds for the rise of a lucrative sector
in the region (see, e.g. Badjeck et al., 2009; Kluger et al., 2019). This origin has led to the clearly formulated
feeling of ownership of SSF, and the wish to continue to dominate the business. Larger producers entered the
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scene after the early trial phase (cf. Kluger et al., 2019; Sanchez, 2015), quickly taking over the strategic parts of
the value chain (processing, exporting). They used an intertwined set of informal and formal regulations to
shape the process in their favour (reducing uncertainties) and to manage the sector in Sechura Bay. Each
view has found its equivalent in two different aquaculture laws, successively altering access regimes to the
resource and its culture. Visions and goals of both actor groups are strongly shaped by the different materi-
alities present; this setting provides an excellent opportunity to discuss the framework of Van Assche and col-
leagues (in press).

The paper develops as follows: First, the context of scallop culture in Sechura Bay is provided with much
more detail. Then, the typology of material dependencies provided by Van Assche and colleagues (in press) is
discussed, which aims to link material properties to what communities want to do and what their values are in

Figure 1. Contextualizing the case study: Sechura Bay in the province of Sechura, North of Peru, indicating the aquaculture concession areas (in
blue, as of February 23, 2021); ILT, Island Lobos de Tierra (upper left panel). Map of Peru, with the black square indicating the map section as
shown to the left, and a subplot locating Peru within Latin America (upper right panel). Schematic visualization of scallop mariculture in
Sechura Bay: conducted by small-scale fishers while diving in bottom cultures (lower left panel) and carried out by larger producers in a sus-
pended net culture that are installed on long-lines (lower right panel). Upper two panels based on Figure 2 in Schlüter et al. (2021)*, lower two
panels by the first author, created in Affinity Illustrator. *Upper two panels were constructed in the R environment (R Core Team, 2021), using
the maps (Brownrigg, 2018), sp (Pebesma & Bivand, 2005; Bivand et al., 2013) and sf (Pebesma, 2018) packages. Bordering countries and Per-
uvian administrative areas (region – and province-level) were retrieved from the Database of Global Administrative Areas (GADM, www.gadm.
org, subdivision levels 0, 1 and 2). Geographic information for National Reserves and the Aquaculture areas was downloaded from the webpage
of the Peruvian National Service for Natural Protected Areas (http://geo.sernanp.gob.pe/visorsernanp/) and the aquaculture cadastre of the
Peruvian ministry for Production (http://catastroacuicola.produce.gob.pe/web/), respectively.
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relation to the governance regime. Here, we briefly describe the material and methods on which this study is
built, and a description of our interpretation of the analytical lens used in this paper, for then being able to
present the case in the light of this lens. The paper closes with a discussion and conclusion section.

The case of Sechura

With the coastal stretch of Peru being desertic, the ocean has always played an important role in nutrition and
livelihoods in Peruvian coastal communities (e.g. López de la Lama et al., 2021). The harvesting of the Peru-
vian bay scallop (Argopecten purpuratus) dates back to precolonial times, and since the 1950s they represent
one of many species collected by small-scale diving (hookah) fishers along the entire coastline. During the
strong El Niño events of 1983/84 and 1997/98, scallops occurred in great abundances in the region of
Pisco, attracting fishers and fish workers from all over the country to join the rush (Wolff, 1987; Wolff
et al., 2007). Sechura Bay gained importance only after that, with natural banks (at the island Lobos de Tierra,
ILT, Figure 1) being exploited by fishers since the 1990s. First culture attempts in the region of Pisco were not
successful in the long run but provided grounds for adventurous fishers to explore their luck in the large bay of
Sechura further north. Here, scallop culture was initiated in the early 2000s by small-scale fishers, many of
which were migrants from the south of the country (Pisco region) (Badjeck et al., 2009; Kluger et al.,
2019). The culture technique applied involves the collection of scallop seed in the wild (within the bay of
Sechura or at the island ILT), to place those onto the sea bottom of own culture plots for grow out (Figure
1). When having reached harvestable sizes (>65 mm shell height), scallops are collected by divers for the trans-
port to shore, where processing (shucking, cleaning, freezing) has to be done quickly as to maintain freshness.
This bottom culture type is also referred to as sea ranching or capture-based aquaculture, due to its close relat-
edness to fishing and its dependency on the natural environment. The success of the first groups soon attracted
many people from all over the country to join the expanding sector (Badjeck et al., 2009; Kluger et al., 2019,
2020). What started as an informal, trial-and-error activity was soon legally captured through the establish-
ment of a first aquaculture law (Law N°274601 and its management scheme D.S. N°030-2001-PE2) indispen-
sably linking the activity of sea ranching to small-scale holders (Ministerial Resolution R.M. N°102-2006-
PRODUCE3, modified through R.M. N°204-2006-PRODUCE4 and R.M. N°293-2006-PRODUCE5). It was,
however, not only until 2009, that national aquaculture law was implemented in Sechura Bay through the issu-
ing of a regulation (Supreme Decree D.S. N°016-2009-PRODUCE6) for the spatial management of the bay, i.e.
designating large areas of Sechura Bay to the concession type for sea ranching (and thus SSF users), even

Figure 2. Dependencies between (natural, hybrid and human-made) materialities and governance (market, state, civil society) that can be both
enabling or disabling.
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though the law also permitted suspended culture (cf. Figure 2) in a different type of concessions. In the fol-
lowing years, the bay’s area was gradually assigned to a growing number of small-scale fisher organizations
(OSPA for their abbreviation in Spanish: Organización Social de Pescadores Artesanales), a step that often
simply formalized groups’ already ongoing culture activities. In 2015, 158 OSPAs cultured scallops within
the bay (Mendo, 2015). For a more detailed overview of the management scheme in place, see López de la
Lama et al. (2018) and Garteizgogeascoa et al. (2020) and for a detailed recount of the transformation process
of Peruvian scallop fishery to aquaculture, see Kluger et al. (2019).

While it were small-scale fishers who started the scallop cultures in Sechura Bay, other actors soon came
along. With the opening/registration of Sechura Bay for international markets in 2009 (Kluger et al., 2019),
several larger processing plants were established, restructuring the business. Ever since, these plants represent
the bottleneck for all those who wish to produce scallops for export (which is 85% of production, comparing
internal sales and export values, in PRODUCE, 2019a), because they incorporate all steps of the processing and
organize the export. According to Mendo and Quevado (2020), four of such plants currently exist in the
region. While these plants buy scallops from all types of producers, they established also their own line of pro-
ductions through aquaculture concessions designated for suspended scallop culture (Figure 1). This culture
type is comparatively intensive with respect to labour and financial needs, as scallop seed is placed in a suc-
cessive series of hanging nets (of different mesh sizes) until harvestable sizes are reached. These nets require
regular cleaning (e.g. against biofouling), and heavy machines (cranes) to be lifted. In 2015, a second aquacul-
ture law (Law D.L. N°11957 and modifications Supreme Decree D.S. N°003-2016-PRODUCE8, D.S. N°014-
2017-PRODUCE9, R.M. N°157-2019-PRODUCE10, D.S. N°002-2020-PRODUCE11) was passed, that now
requires commercial aquaculture producers (including SSF) to be medium or large-scale firms.

We divide into those twomain actor groups (small-scale fishers and larger scallop-producing companies) as if
they would be antagonists. It has to be made clear, however, that the separation is not as strict as portrayed here,
because there are many forms of cooperation and interlinkages between these actors. However, those two groups
are clearly identifiable to have had different intentions on how the governance structure should look like.

Materials and methods

This paper relies on many years of ecological and social research done in Sechura Bay by the first author, who
focused both her PhD and four years of post doc research on Sechura (including fieldwork in 2013 and 2014 (6
months each), 2015 and 2017 (1 month each), and 2018 (2 months)), and shorter fieldwork by the co-authors
in 2019. It draws on documents, interviews and participant observation. All interview data were collected with
the prior informed consent of survey and interview participants, and participation was always voluntary.
Anonymity and confidentiality were secured. A snowball sampling method was applied using various entries
into the research field, as there exist clearly distinguishable stakeholder groups, with conflicting interests. The
study did not go through a process of ethical clearance as such a process is not yet common neither in the
German nor the Peruvian social science system. However, researchers are obliged and committed to follow
the code of good scientific practice, laid out by the German Science Foundation.

For analysing the data, we used a diagnostic and iterative process (Epstein et al., 2020; Flick, 2013), which
uses, firstly, a concept and, secondly, a data-driven approach to analysis (Kuckartz, 2019; Schreier, 2012). The
analytical and theoretical categories mainly stemmed from the framework applied in the research. The data
analysis was done with different tools like MAXQDA 2020 (VERBI Software, 2019). Most of the time empirical
claims are supported with references to already published material. If the arguments are built on more recent
not yet utilized interviews for other publications, a number in brackets within the text refers to particular
interviews. The data had been already used and had been interpreted using other lenses, e.g. a social-ecological
lens (Kluger et al., 2019), a migration theory lens (Kluger et al., 2020), and an Institutional Analysis and Devel-
opment Framework and institutional change lens (Schlüter et al., 2021). This paper re-codes and re-analyses
the material using the material dependencies lens. It was an iterative diagnostic process, where the authors
revisited and discussed the data in the light of the framework. Each framework or lens used has a different
focus. Therefore, it provides a different piece of the puzzle and is able to answer a different research question.
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From this perspective, the application of the material dependency framework was not meant to compare its
contribution to an overall understanding of the case, but rather it was seen as a means to understand the
relationship between materiality and the evolution of institutions.

Material and other dependencies as an analytical lens

Working in an inter- or multidisciplinary environment, we realize that many natural scientists tend to believe
that the earth or environmental systems are mainly driven by environmental variables and on the other hand
social scientists are believing that the main variables to be considered are human-related variables. This seems
natural, as our senses, but also our norms and values are deeply influenced by the specific discipline we have
been trained in (Freeth & Caniglia, 2020). Therefore, we see only particular aspects of our socially constructed
reality. It is common that even social scientists with the best intention and an interdisciplinary perspective
(Ostrom, 2007) forget nevertheless to properly consider the material or ecological characteristics driving
the social-ecological system (Epstein et al., 2013; Vogt et al., 2015). The terminus social-ecological itself, how-
ever, also seems to turn a blind eye on another aspect, which considerably shapes the social-ecological system:
technology (Hagedorn, 2008). Human-made materialities, which shape considerably material and non-
material structures, that enable or disable certain modes of governance are important to be considered.
Two authors of this paper are trained as biologists, two others as social scientists (social anthropology and
economics), though all are now mainly working with a social science focus, however, concentrating on the
understanding of interactions of people with natural resources and the environment. From this perspective,
a particular focus on the material properties of a system and to analyse how far they influence the institutional
structure is an extremely reasonable exercise to do. From a day-to-day research perspective, we realize how the
material realities and the governance properties are closely and dynamically intertwined (Epstein et al., 2020;
Schlüter et al., 2019). This holds particularly true for the marine environment due to its material properties
and social properties, like fluidity or the intersection of various jurisdictions (Schlüter et al., 2020; Van Assche
et al., 2020). On the one hand, materialities, might they be natural, like the tide, human made, like a particular
fishing gear, or hybrid materialities, like a warmer ocean bringing scallops under stress, are not only influen-
cing but even determining the option space for governance structures. Individual tradable quotas, an iconic
institutional structure of the marine realm, believing to provide efficiency (Kompas & Che, 2005), sustainabil-
ity (Arnason, 2012) and injustice (Knott & Neis, 2017; Mansfield, 2004), might serve as an example. The
reason why human beings invented individual tradable quotas for fish, which are not granting private property
rights to the resource, but only the right to a certain share of a product, is not because some of us would not
like to have a private share of this common heritage of human kind (Said et al., 2016), but it is due to the
impossibility to assign private property rights to a fish, which is swimming through an ocean without physical
yet jurisdictional borders (Bromley, 2016). On the other hand, the governance structure is determining mate-
rialities of a system. For example, an institutional structure that provides huge incentives to extract resources
(e.g. fishing) or to heavily pollute the water body (as can be a result of aquaculture), might lead to system shifts,
changing permanently materialities (Holmer et al., 2008). A governance regime might favour, foster or hinder
technological change and therewith human-made materialities, and influences the areas in which such
material changes take place, with which purpose and for whom. A governance system that does not allow
child labour or which has particularly demanding hygiene standards is pushing for different innovations
than a system that allows for cheap child labour supply or does not regulate the required freshness of fish
or scallops (Bromley, 2006). Taking a general perspective on the marine sector, one would argue that the
mutual dependence between materialities, discourses and governance argued for by Van Assche et al. (in
press) in this special issue also seems to hold true for a marine environment.

Looking at material dependencies, it is important to distinguish between natural, hybrid and human-made
materialities (Van Assche et al., in press), because they are on a continuum between hardly being shaped by
humans to being entirely human-made. The latter does not necessarily mean that their development could be
easily determined or sometimes even willingly be influenced by humans, as the emergence of governance is a
complex evolutionary process (Beunen et al., 2015). It is influenced and shaped by many actors and involving a

314 L. C. KLUGER ET AL.



lot of uncertainties and interactions with society and the materialities (Duineveld et al., 2017). Even if we can-
not influence the natural material property of a system, we are often able to shape our governance, so that we
are better or worse able to cope with the materialities of the system. For example, a well-established insurance
system enables to cope with natural (storm surge) or social (piracy) extreme events (Campling & Colas, 2021).
Apart from material dependencies, which result from more stable properties, material events can have an
effect on governance. Material events add a time dimension to materiality. ‘A material event occurs when
materiality alters something, sparks or creates something in governance’ (Van Assche et al., in press,
p. 18). Good examples might be a Tsunami, a drought, or as we currently live through the emergence of a
new dangerous virus.

From a governance perspective, it is important to distinguish between markets, states and civil society as
the three main arenas where governance happens and governance changes take place (Kooiman & Bavinck,
2013). This is important because the mechanisms and drivers of change in those three domains are consider-
ably different (Schlüter, 2001). Markets are second-order institutional structures, which are, as all governance
mechanisms, human-made and therefore can be altered according to (societal) norms, values and preferences.
However, governance evolving within the structure of a market – like contracts, supply chain organization or
the institutional setup of a firm – is different than the evolution of state governance, i.e. with the help of laws. It
is not argued that a different set of drivers, like discourses, transaction costs savings or power asymmetries, are
at play, but their relative importance depends on the domain. This also shapes the abilities and mechanisms of
influencing the change of governance.

Finally, we must distinguish into path-, inter- and goal dependencies (Van Assche et al., in press). Path- and
interdependencies can stem from both, governance and materialities and they can affect both. A governance
system has, as first described by North (1981), a strong influence on the subsequent governance regime (path
dependency). It also has an influence on the material structure. Bluntly speaking an open-access, common
property or a privately managed resource or ecosystem will look differently and will have different conse-
quences in terms of their sustainability – yet scholars are not sure, which one of those performs better. Mate-
rialities of the environment and the governance system are interdependent, as is the argument of the entire
special issue this paper is embedded in (Van Assche et al., in press). It is an endless iterative process,
which means that past materialities influence future governance structures. Goal dependencies describe the
relationship between goals of actors and their influence on actor/institution configurations (Van Assche
et al., 2014). Goals are embedded in discourses and discourses shape to a large degree governance, which
then might have an influence on materiality (Van Assche et al., in press). To refer to an example from
above, individual tradable quotas are largely the result of a neoliberal discourse and might have the expected
positive outcome on materialities, the fish stock. However, individual tradable quotas as a governance struc-
ture are not only shaped by a neoliberal discourse, but also, as discussed above, by the material and ecological
properties of fish. A more general example might be the Sustainable Development Goals (SDGs), being the
result of a global discourse process, emerging from observed undesirable hybrid and human-made material-
ities. The defined 17 goals and the many sub-goals resulted from a huge number of discourses at many places
within our society. Hopefully, the SDGs as a global consensus on sustainability targets have an influence on
governance structures and therewith indirectly, but also directly on materialities. Figure 2 synthesizes the
above argumentation.

Manifestations of entwined materialities and governance in scallop culture of Sechura Bay

In the following, we go through the three types of materialities and analyse how far they enable or disable the
intended governance structures of the above two identified main actors (small-scale fishers, large producers).
Within enabling and disabling factors, we follow Van Assche et al. (in press) and distinguish into positively
and negatively influencing materialities. A positively enabling aspect would not only help the intended goal,
but it would be also at a larger sense be positive for the actor group. On the contrary, a negative enabler comes
along with other negative influences for the actor group. Table 1 summarizes the materialities mentioned in
the text and adds others, which have not been described in the text due to space limitations.
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Natural materialities

A necessary condition for bottom scallop culture (sea ranching) is the shallowness of the bay. Scallops are cul-
tured at a depth of 5–15 m, while suspended culture requires a depth of at least 10 m. The fact that Sechura Bay
is such a large, relatively shallow bay made it really attractive to small-scale fishers installing first-bottom cul-
tures. If it was deeper, the sector might have never established or would have been exclusively restricted to
producers with more capital and knowledge. This is so, because in a deeper environment, only suspended cul-
ture would have been possible. However, suspended culture requires much larger investments into seeds, gears
and machinery for lifting the heavy nets out of the sea (at least 1.5–2 times higher than for bottom culture,
according to one key informant). Suspended culture is, at the same time, the pre-requisite for acquiring sus-
tainability certificates such as that of the Aquaculture Stewardship Council (ASC), so higher production costs
may be turned in the gaining of access to exclusive, lucrative markets (7).

A natural phenomenon, which is an important ingredient for the overall development of scallop culture in
Sechura, is the existence of abundant scallop seed in the wild, particularly at the island Lobos de Tierra (ILT, cf.
Figure 1). The collection of seed from natural banks is formally linked to subsistence fishers (which is equated
here with SSF). They are the only being allowed to harvest seeds from the wild. Formally, this is only on natural
banks within Sechura Bay (and other open-access areas along the coast), but not at the nature reserve of ILT.
Though informally, this is a legitimate practice (Mendo et al., 2008, 2016; Kluger et al., 2019; Laínez Del Pozo
& Jones, 2021). The island is an 8–10 h boat ride away from landing sites within Sechura Bay, and control and

Table 1. Factors enabling or limiting intentions of processors/large investors or small-scale fishers to control the
production process (Typology of material dependency developed by Van Assche et al., in press in this special
issue). Light grey influence on intentions of larger investors; grey, influence on intentions of SSF; dark grey
influence on both.
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enforcement of existing regulation (i.e. prohibition of scallop collection of any size, incl. seed, and/or their
transport to other areas; up to 5 years of prison can be pronounced for collecting scallops at the island12)
is rarely implemented (but see Laínez Del Pozo & Jones, 2021; PRODUCE, 2019b). Though the extraction
of seed from the wild implies considerable financial capital (for fuel, food, payment of divers) and a good por-
tion of the investments into seeds is made through own labour (often, the entire fisher organization collec-
tively go out for the collection of seed). However, it does not require as much capital as seed from the
hatchery (prices for seed stemming from hatcheries can be two times higher than from those originating
from ILT; Kluger, 2013 with data from 2013, newer interviews revealed even higher prices differences). Capital
is difficult to obtain for SSF (12). Formally, the larger producers are obliged to use seeds from hatcheries,
though buying seeds from small-scale fishers is common (Sanchez, 2015). This tolerated practice (5) enabled
SSF for a substantial amount of time to be in control of the main bottleneck of scallop production: seed. How-
ever, the downside and negative enabler is depicted by the fact that at ILT, scallop seed appears at depths of up
to 20 m and with SSF divers using compressors (Figure 2) staying many hours under water that comes along
with considerable health risks (Kluger et al., 2019). One could therefore argue that both SSF and larger pro-
ducers are willing to partially pay seed with diver’s health.

The complex productive ecological properties of the scallop production in the Bay of Sechura and the huge
uncertainty involved are a double-edged sword enabling and disabling the production by SSF. Starting the
business was an extremely uncertain and unknown venture, and the first years were characterized by trial
and error (12). The SSF, most of them originating from the Pisco area, discovered the natural potential
while on the search of income opportunities (e.g. Badjeck et al., 2009; Kluger et al., 2020). If the cultured
batch survived the grow-out cycle, the revenues were (and still are) huge, especially when compared to
other income sources in the region. These huge gains not only attracted other fishers and workers from all
over the country but also larger investors that became interested once the SSF had shown that the natural con-
ditions of the bay allow for starting this business. However, in the medium run, the little knowledge and the
huge uncertainty of the production process is much easier to be handled by the larger-scale producers (4, 7).
After all, long-term success will also depend on whether or not the group conducting aquaculture (be it SSF or
larger firms) knows about and can deal with the associated (financial) risks, e.g. when a bad harvest leaves the
producer with no income for a year (12). Obviously, SSF have the longest experience with scallop culture and
have built a lot of place-based knowledge on its production in Sechura Bay. However, their capabilities and
financial means to acquire scientific knowledge from the outside or to build scientific knowledge about the
production process in the bay are far more limited. Larger producers have the possibility to employ marine
biologists, who have top edge scientific knowledge and who can systematically optimize the production con-
ditions and harvest decisions through scientifically monitoring environmental conditions and scallop growth
(observation of the first author). Since larger firms also work with SSF, they have access to both knowledge
systems.

The huge uncertainties due to the natural conditions lead to high fluctuations in returns from year to year,
ranging from years with extremely high profits to years of high losses. For example, El Niño events, occurring
in the area every couple of years, affect immensely the production and require quick adaptation. As the world
scallop production for export markets only takes places in few locations of the world, the variability in the
production of one place leads to huge variability in prices in other places. Those price changes are not necess-
arily linked to the current production process in Sechura. Both aspects lead to high risks of production, which
are extremely difficult to handle for SSF, who do not have access to insurance or credit markets. The larger
producers can cope with a year of losses, can wait for a good year to come and can even profit from taking
over production capacities for a good price, from those, who went bankrupt (7, 12).

Most of those natural materialities have largely influenced the governance in the market sphere. Contracts
have been altered so that an ever-growing part of the production process has been taken over by larger pro-
ducers. Particularly the materiality of El Niño events, which let to plummeted incomes, has shaped the con-
tracts governing the businesses (12).
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Hybrid materialities

Scallops have high hygienic requirements, particularly if one wants to operate on the export market. This
requires a lot of knowledge and investments for building the supply chain, which is obviously asymmetri-
cally distributed. Ever since the opening of Sechura Bay’s culture areas to international (mainly European,
i.e. 77.1% of all exports in 2018; PRODUCE, 2019a) markets, respectively, imposed sanitary requirements
are a constant concern of producers, shaping different governance outcomes. Those producing in sus-
pended culture (i.e. larger producers) have an advantage on that matter because water conditions are typi-
cally better in the water column than on the sea bottom. Additionally with their closed production cycle
(i.e. incorporating all steps from hatchery to harvest), sanitary standards are easier controllable. However,
larger producers receive, process and then export SSF’s harvest, and therefore need to also account for the
conditions of SSF’s production, especially if they are the ones exporting (7). This is particularly demanding
as sanitary conditions within Sechura Bay are much more exposed to external influences (e.g. pollution
through river run-off) than suspended cultures, since the latter are typically positioned further away
from shore (i.e. in deeper waters). Once harvested, the product needs to be processed (cleaned, shucked
and frozen) quickly, i.e. within a timeframe of 24 h. This creates a crucial bottleneck in the actor control-
ling the processing plants (i.e. the larger producers) who has a strategic advantage over SSFs being dispro-
portionally dependent from this step. This has shaped the institutions in their favour. For example, the
rules and procedures, when a particular plot is harvested, are determined by the processors (9). This asym-
metry becomes even more apparent when considering that these larger actors also control the export to
international markets, which provides them with price setting power. This leads to human-made interde-
pendencies. Certain institutional structures lead to distinct elbow rooms for different actors, which yet
again shape other institutional solutions, following an interdependent path. Relatedly, the fact that supply
chains for foreign market require big production units (13) has additionally favoured those larger producers
controlling scallop processing and the export.

Anthropogenic climate change and environmental pollution stemming from river runoffs creates the risk to
experience harmful algae blooms and then oxygen depletion within the bay. Particularly in the summer season
(January–March), when temperatures increase and oxygen declines in the natural environment, scallop die-
offs occur frequently on different spatial scales (Badjeck et al., 2009). This materiality led to path dependencies
in the institutional development, i.e. the creation of a patron-client system (12). Overall, those producing scal-
lops in suspended cultures are less prone to experience such environmental disturbance due to the better
environmental conditions in the water column but also due to their higher financial capital and the controlling
role in the processing chain, allowing quick responses in case of a disturbance. For small-scale producers, a
single disturbance event, e.g. an algae bloom causing the loss of a year’s harvest, has more devastating impli-
cations. Though in many bigger businesses savings for compensating bad harvests are common practice, this
has as yet to be incorporated into the routines of SSF. More important than routines is that small-scale pro-
ducers simply have lower financial means to cope with such an event, creating dependencies. However, some
means to finance scallop bottom cultures emerged over time, also to cope with potential losses: SSF organiz-
ation members may organize to each bring in a given share for the biggest initial investment (for scallop seed),
while others acquire a loan from a bank or a private investor (who are private persons or larger producers from
within the aquaculture sector). The latter may only provide the credit and be paid back with interests or attach
certain conditions to it: pre-arranged contracts (Span. Convenios) are common, in which the share of profits
after harvest is specified (30:70, 40:60, 50:50).

The high costs to produce seeds in hatcheries have shaped different dependencies. On the one hand, it forced
SSF to continue extracting scallop seed from the natural banks – at the cost of the environment and their own
health (as described above). On the other hand, this facilitated larger, financially powerful producers to gain
exclusive access to markets of certified seafood, since these certifications typically require hatchery-produced
seed. Still, small-scale producer’s output is (illegally) incorporated into these lucrative value chain, a fact that
has facilitated power accumulation on the side of larger actors (15).
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Human-made materialities

The fluidity between open-access (scallop) fishery and mariculture has shaped the way bottom culture is con-
ducted in Sechura Bay until today: compressor diving is still the main way SSF collect scallop seed on natural
banks, and monitor and harvest their product within own (bottom) culture concessions. Those who cannot –
or do not dare to – dive, will not be able to control this step of the production chain. While associated with
considerable health risks, divers are part of the social culture, of the social reproduction of the community. As
such, compressor diving is indivisibly linked to the discourse of small-scale producers, to Peruvian scallop
mariculture being an artisanal activity providing economic opportunity to the poor. This discourse is pro-
gressively being diluted by the recent changes in Peruvian aquaculture legislation aiming to regulate the
activity through the institution of (medium- or large-scaled) firms, rather than SSF. However, it is constantly
used by SSF to oppose exactly that development of power accumulation by (larger) firms. Here, it is also
important to consider that suspended culture does not necessarily depend on diving, favouring larger produ-
cers in the sense that even though suspended culture is generally labour (and technology) intensive, it is less
risky for its workers – a fact that creates a ‘cleaner’ image for critical (international) consumers. This discourse
is also being promoted by the discussion on prohibited scallop seed extraction on the island ILT – criminaliz-
ing SSF for an activity that they believe is simply their right. Nevertheless, also larger producers receive scallop
seed collected by SSF (while diving) in the wild, creating and shaping important inter- and goal-dependencies
of both actors.

Two human-made materialities have created path dependencies in the favour of larger producers: The high
technological/machinery associated with suspended culture requires high investments for producers that SSF
largely have no access to. This is particularly important, as materials needed for suspended culture are not
produced within Peru, but have to be imported (Mendo & Quevado, 2020), creating additional constraints.
In addition, the high demand for scallops from rich distant markets and the requirements needed to ship
the harvested product to those consumers (e.g. continuous cooling chain, transparency of product’s origin)
have favoured those in control of processing plants to establish a constant, reliable avenue for scallops as
an important export commodity.

Discussion and conclusions

This paper focused on the materialities of the scallop production process in Sechura Bay shaping contrasting
but also intertwined goals of the two main actor groups involved and creating different path dependencies in
the emerging governance processes and outcomes. As such, we realized the utility of combining the view on
natural, hybrid and human-made materialities for disentangling the different dependencies. We have argued
that the combination of exigent natural (high environmental variability requiring quick responses), hybrid
(high sanitary requirements of the scallops) and human-made (export-oriented production) materialities
have rather favoured the intentions and goals of the larger producers than those of the SSF. Goals are necess-
arily human-made. From our analysis, it becomes apparent, that goal dependencies have largely influenced the
institutional structure of the scallop production for our study case. The demands of the European Union (and
international markets in general), i.e. the (sustainability) certifiers in conjunction with the European consu-
mer, for which the entire business of Sechura Bay is basically operating, has a clear understanding and is rather
exigent on what a healthy product would be. Those goals shaped the rules. As a side effect, they exclude small-
scale farmers, operating in the bottom culture. This was accompanied with a discourse of a less transparent
and reliable production line when compared to suspended culture, again favouring big producers. Both
also shaped substantially the rules in relation to traceability of the product, especially the seed. Particularly
the de facto rules in relation to traceability are indeed a bread between societal goals and material structures.
The latter sets clear limits to traceability, opening up substantial loopholes for both actors involved.

The natural risks associated with scallop bottom culture have enabled financially powerful agents to gradu-
ally take over the control of the sector in Sechura Bay, with the former cooperative owners becoming piece
wage labourers. Though according to the first aquaculture law (2001, cf. section 2), only small-scale fisher
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organizations were allowed to conduct scallop bottom culture (sea ranching) within the bay. This formally
institutionalized cooperative ownership created a human-made material path dependency: Ownership of con-
cessions by financially more potent actors could only emerge via informal pathways. Financially powerful
actors wanting to conduct (cheaper) scallop bottom culture could (i) control SSF organizations and their scal-
lop production by bribing the respective leaders to expel unwanted members or to replace the entire member-
ship by dummies (12), (ii) rent a concession area (illegally) for a particular time (typically 1–2 years) (4) or (iii)
buying such a concession (which is also illegal) (Schlüter et al., 2021). These types of tunnelling, as a well-
known form of privatization or ownership change in the former communist states, took place, which allowed
potent owners, to informally take over the control about the valuable concessions. With the new law (2015, cf.
section 2) altering the nature of concessions within Sechura Bay (from that of concessions for bottom culture
owned by SSF to that of concessions owned by medium and larger firms), many informants have argued that
this will allow for an even further power accumulation of larger producers (5, 7, 12, 16).

In the intertwined realities of SSF and larger firms, the use of materialities in one’s favour – and adoption of
formality – is only realized up to the point at which it is favourable to the respective actor. Coming back to the
extraction of the resource, scallop seed as the main input for mariculture in Sechura Bay, being a largely infor-
mal or even illegal process. Larger producers have used this fact as an argument for the reproduction of their
own image as clean, reliable producers, even though these illegally extracted scallops often end up in their own
formalized, certified scallop production lines (15); larger firms clearly benefit from lower costs associated and
the transfer of (health) risk to SSF. That way, both actors have shaped a hybrid institutional system in which
the first production step is allowed to remain informal. And although one may think that this informality may
also be a way of maintaining a bit of independence from dependence (with SSF controlling, in a way, the first
production step), the informality lays on the side of small-scale fishers. Moreover, the informal way of extract-
ing seeds is (potentially) damaging the environment (i.e. reducing scallop stocks, altering biodiversity and thus
ecosystem functioning), by not being monitored or managed. In the long durée, the practice might be to the
cost of the small-scale producers themselves. This is so because SSF do not have the necessary capital to build
hatcheries in case scallops were to be extinct in the natural environment. And thus, the externalities of the
extraction are put on the side of the poor, while reducing the purchasing prices for both the bigger on-site
producers and the final consumer in Europe or elsewhere.

It remains an open question if under the present material conditions, it would have been possible to reach
an outcome that favours more SSF. Likely only with strong governance, supportive for small-scale holders,
path dependencies and the effects of materialities could have been reshaped. Governance structures, like insur-
ance or credit schemes for SSF, could have helped them to cope with the existing materialities. Another way to
support small-scale holders could have been the construction of communal hatcheries (something also
requested by Mendo & Quevado, 2020). This would have decreased input prices and thereby reducing the
dependency of SSF on natural sources of seed. Additionally, this would have improved the image of small-
scale producers and reduced health risks (due to avoiding deep dives), but also available (dangerous) jobs.
These thoughts remain speculative, of course, as the counterfactual is missing for this context-specific process
of institutional change. Also, the evaluation of whether the observed outcome – or the one just theorized about
– would be more or less desirable, positive or negative for the different actors will necessarily depend on
societal and governance preferences and discourses.

We have argued that from a social science perspective, those material conditions, might they be naturally
given or human-made, are often forgotten. From this perspective, it is well justified to put a particular focus on
those materialities in this contribution. However, not only with a social scientist’s eye, one realizes that such an
approach takes another blind eye on social non-material aspects shaping the process (Epstein et al., 2015).
These could be many things, ranging from discourses, institutional or social structures that at the end create
power asymmetries enabling or limiting the intention of one or the other actor group (Van Assche et al., 2014).
For example, the global discourse on equity, conservation and in particular around community based territor-
ial use rights for fishers have largely helped small-scale fishers to establish in the first aquaculture law of 2001
that only SSF could get the right for a concession to conduct sea ranching (bottom culture) at the sea floor.
Through a subsequent marine spatial planning process, only this type of concession was granted within
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Sechura Bay, while big producers have been locked out. Later, the discourse on formalization required for pro-
fessional economic development has largely fostered the locking out of fisher organizations who had mainly
due to limited capabilities difficulties to formalize their prior semi-informal business.

In the end, it seems extremely important to consider natural, hybrid and human-made materialities for
understanding the evolution of governance in such a case as Sechura. But of course, central social processes
shaping the views and practices of involved actors are not to be neglected.

Notes

1. Available at http://www2.produce.gob.pe/RepositorioAPS/1/jer/PROPESCA_OTRO/marco-legal/1.2.%20Ley%
20Acuacultura%20l27460.pdf

2. Available at http://www2.produce.gob.pe/RepositorioAPS/3/jer/VUANORMA/D.S.%20N%C2%BA%20030-2001-
PESQUERIA.pdf

3. Available at http://www2.produce.gob.pe/dispositivos/publicaciones/2006/abril/rm102-2006-produce.pdf
4. Available at http://www2.produce.gob.pe/dispositivos/publicaciones/2006/agosto/rm204-2006-produce.pdf
5. Available at http://extwprlegs1.fao.org/docs/pdf/per67134.pdf
6. Available at http://www2.produce.gob.pe/dispositivos/publicaciones/2009/mayo/ds016-2009-produce-reglamento.pdf
7. Available at http://www.sanipes.gob.pe/archivos/biblioteca/N_8_DL_1195_Ley_General_de_Acuicultura.pdf
8. Available at https://busquedas.elperuano.pe/normaslegales/aprueban-el-reglamento-de-la-ley-general-de-acuicultura-apr-

decreto-supremo-n-003-2016-produce-1360384-1/
9. Available at https://cdn.www.gob.pe/uploads/document/file/134909/79191_1.pdf
10. Available at https://cdn.www.gob.pe/uploads/document/file/310259/Resoluci%C3%B3n_Ministerial_N__157-2019-PRO-

DUCE20190425-8900-1p7z9mz.pdf
11. Available at https://cdn.www.gob.pe/uploads/document/file/510723/421173188826657220320200204-11250-12f9m2c.pdf
12. Available at http://www2.produce.gob.pe/portal/portal/apsportalproduce/dispositivoslegalespopup?id = 8516&codigo =
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