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Abstract
1.	 Small-scale fisheries represent complex human-nature interactions, targeting dif-

ferent species in different locations throughout the year. On land, fishers are at 
the core of diverse seafood value chains that serve local and distant markets. 
Understanding interconnectivity and the value chain dynamics of these com-
plex systems is key to designing meaningful resource management plans that are 
adaptive to changes.

2.	 In this article, we use network analysis to examine the multi-level social–eco-
logical system of a Peruvian small-scale fishery. We explore the hypothesis that 
archetypes of different fisher adaptive strategies can be identified based on the 
species they target, the gear they use and market values.

3.	 To examine these adaptive interactions in the value chain network, we used the 
empirical case study of a small-scale fishery in San Andrés, Peru. Data comes 
from semi-structured surveys (n = 58) with fishers and buyers, along with histori-
cal and contextual data from qualitative interviews and literature review.

4.	 We visualize and analyse our data as social–ecological network interactions, 
which indicate patterns of adaptive behaviour among fishers with different catch 
and market strategies. Resilience and adaptive capacity are observed among fish-
ers that have multiple options along the value chain. A fisher is thus more resilient 
to climatic and seasonal change if they fish for multiple species across different 
seasons. Similarly, a buyer is more resilient if buying from multiple fishers across 
the year and selling to a diversity of markets.

5.	 Findings suggest that fishers and buyers do exhibit adaptive capacity in different 
identifiable ways, which we interpret and explain as four adaptive fisher arche-
types. This allowed us to define a theoretical fisher motif aimed at generalizing 
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1  |  INTRODUC TION

Fisheries are often typified as complex social–ecological systems 
(SES) (Basurto et  al.,  2025; Kittinger et  al.,  2013). While being an 
essential element of global food production (Golden et  al.,  2021), 
fisheries provide income and livelihoods for communities world-
wide (Belton et al., 2020). Small-scale fisheries (SSF) are of particular 
importance, as they employ over 90% of global fishers (FAO, 2024; 
Kittinger et al., 2013), support an estimated 500 million livelihoods 
worldwide (FAO, Duke University, WorldFish, 2023) and have been 
estimated to make up at least half of global landings (Chuenpagdee 
et  al.,  2006; FAO,  2020), contributing to both local and global 
markets.

The contributions of SSF to local economies and food security 
are intertwined with their ability to be adaptive to changing social 
and environmental conditions (Bassett et al., 2022; Gonzalez-Mon 
et al., 2021). The more adaptive they are, or can be, the more likely 
they are to be resilient to increasing future changes (McClanahan 
et al., 2013). However, the mechanisms and value chain structures 
that indicate adaptive capacity are less known. In this work, we 
principally relate to two dimensions of adaptive capacity: flexi-
bility and social organization (Cinner et al., 2018). The flexibility 
domain refers to the ability of resource users to switch between 
potential adaptation options at different points along the value 
chain. This may include changing their target species, fishing lo-
cation, gear type, landing dock, buyer or market to which they sell 
their catch. The hypothesis is that the more options a fisher has at 
each point, the higher the adaptive capacity. For example, chang-
ing the geographic location, that is moving towards other regions 
and/or countries or further away from their port in the search for 
fishing alternatives, is an adaptation strategy observed by fish-
ers, for example in Peru (Kluger, Alff, et al., 2020), Senegal (Binet 
et al., 2012) and Costa Rica (Carrillo et al., 2019), which adds to 
the flexibility notion of adaptive capacity (Cinner et al., 2018). In 
some cases, fishers successfully transformed into entrepreneurial 
sea farmers to cope with environmental changes (e.g. conducting 
small-scale aquaculture of scallops, see Bakit et al., 2023; Kluger, 
Taylor, et  al.,  2019). The social organization domain of adaptive 
capacity (Cinner et al., 2018) embraces the way society and com-
munities are organized, and how individuals' social capital shapes 

the ways in which crises are confronted, and coped with (Kluger, 
Scotti, et  al.,  2019; Kriegl et  al.,  2022; Partelow,  2020). For ex-
ample, networks promoting information exchange and coopera-
tion can enhance communities' ability to adapt to changes in fish 
availability or weather patterns (Barnes et  al.,  2016). Access to 
diverse buyers can provide mutually agreed upon economic ex-
changes rather than powerful gatekeepers such as middlemen 
who regulate prices in the absence of market competition, often 
to the detriment of fishers (Ferrol-Schulte et al., 2014; Partelow 
et al., 2018). The ability to access and learn about multiple fishing 
gears, the ability to access knowledge or financing, or the ability 
to inherit fishing rights, be included in quota allocations or engage 
in governance processes can all influence fisher adaptive capacity 
(Basurto et al., 2013; Blythe, 2014).

Of the many factors influencing the resilience and adaptive 
capacity of fishers, external environmental changes due to cli-
mate change are increasingly important. The impacts of ocean 
acidification, species distributions due to increased sea surface 
temperatures and increased variability of regional climatic cycles 
are well documented (Tigchelaar et  al.,  2021). In Peru, fisheries 
have historically evolved under the conditions of the inter-annual 
El Niño Southern Oscillation (ENSO) (Bertrand et al., 2020; Wang 
& Fiedler,  2006). The warm El Niño events bring the Humboldt 
Current Upwelling System (HCUS) to a halt, causing an increase 
in sea surface temperatures (Santoso et  al.,  2017) and a reduc-
tion in primary production (Barber & Chavez,  1983; Pennington 
et  al.,  2006). This has drastic effects on aquatic species com-
position, abundance, biomass and distribution (Badjeck,  2008; 
Bertrand et al., 2020), with diverse and somewhat unpredictable 
effects for fisheries in the HCUS (Bertrand et al., 2020). However, 
El Niño-induced effects are not uniform. While Peruvian anchovy 
(Engraulis ringens) populations have been known to collapse due 
to restricted food availability (Barber & Chavez,  1983; Bertrand 
et  al.,  2020; Chavez et  al.,  2008), other species flourish under 
higher water temperatures, such as Chub mackerel (Scomber ja-
ponicus) and Jack mackerel (Trachurus murphyi) both tropical fish 
who have immigrated to nearshore regions (Ñiquen et al., 1999). 
Similarly, Peruvian bay scallop (Argopecten purpuratus) populations 
were observed to boom during the El Niño events of 1983/1984 
and 1997/1998 in Southern Peru (Wolff,  1987, 1988; Wolff 

the structural configuration of a typical fisher who has adaptive capacity. This 
motif can be used as a social–ecological network model to test adaptive capac-
ity in other fisheries. We discuss and argue that recognizing and supporting di-
verse value chains is key for adaptive capacity to future environmental and social 
changes and that fishers play a central role as agents with adaptive decision-
making capacity to potentially improve overall system resilience.

K E Y W O R D S
adaptive capacity, ego-network, resilience, small-scale fisheries, social–ecological network 
analysis
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et al., 2007; Wolff & Mendo, 2000). Although most fisheries are 
historically adapted to variable environmental conditions such as 
seasonality and species migrations, ENSO is an important external 
factor in understanding fishery resilience and adaptive capacity. 
However, amidst progressing climate change, fisheries in Peru 
await an uncertain future, and there is no scientific consensus on 
the role climate change will have on ENSO patterns yet: while a 
general cooling of the waters off Peru was suggested (Gutierrez 
et  al.,  2011), it is still under debate whether climate change will 
intensify (Bakun et  al.,  2010, 2015; Bakun & Weeks,  2008; 
Chamorro et  al.,  2021; Narayan et  al.,  2010; Xiu et  al.,  2018) or 
reduce (Barton et  al., 2013) upwelling in eastern boundary up-
welling systems (which include the HCUS), and whether and 
how this reflects in increases or decreases in ocean productivity 
(Salvatteci et al., 2022). Scientists are yet to agree whether global 
warming will cause an intensification and/or increase in frequency 
of occurrence of ENSO events (e.g. Bakun & Weeks,  2008; Cai 
et  al.,  2021, 2023; Collins et  al.,  2010; L'Heureux,  2018; Vecchi 
& Wittenberg,  2010), though the Intergovernmental Panel on 
Climate Change (IPCC) predicts an increase in El Niño and La Niña 
events frequencies during the next century (IPCC, 2021).

Network analysis provides a set of well-established data 
collection and data analysis methodologies to explore these hy-
potheses (Borgatti et al., 2009). Social–ecological network (SEN) 
analysis advances the examination of structural patterns of SES 
by including social and ecological variables (for recent reviews 
see Kluger, Gorris, et al., 2020; Sayles et al., 2019). Scholars have 
constructed SENs for a wide range of different human-nature 
interactions, including fisheries (Alexander et  al.,  2019; Barnes 
et al., 2019; Bodin, 2017; González-Mon et al., 2019; Kluger, Scotti, 
et  al.,  2019; Ortiz & Levins,  2017; Yletyinen et  al.,  2018; Zador 
et  al.,  2017). For example, patron–client (i.e. fisher-buyer) rela-
tionships have been assessed in a Mexican SSF by measuring fish-
buyer's adaptive capacity with SENs (González-Mon et al., 2019). 
Patron–client relationships are well documented in SSFs literature 
and can impact fishers' decision-making (Miñarro et  al.,  2016; 
Nascimento et  al.,  2017), access to markets (Bailey et  al.,  2016; 
Ferse et al., 2012) and even livelihood security and vulnerability 
(Ferrol-Schulte et al., 2014). Furthermore, fish buyers are key ac-
tors in SSFs (Crona et al., 2010, 2015; González-Mon et al., 2019) 
and can be a direct link across social domains (i.e. fishers and mar-
kets; Crona et  al.,  2010). Hence, disentangling the linkages and 
interdependencies of fishers with target species, seafood buyers 
and consumer markets is important for understanding the vari-
ability of adaptive capacity and resilience at both the individual 
and fishery level (Nenadovic & Epstein, 2016). An explicit consid-
eration of how social networks relate to ecological structures can 
help in discussing trade-offs between adaptation and transforma-
tion options within SES (Barnes et  al., 2017), both being shaped 
by the overall network structures that facilitate learning and the 
internalization of ecological feedbacks (Barnes et al., 2020). This 
SEN approach can be complemented by a social–ecological ego-
network perspective, which puts fishers as the central node of 

interest (i.e. unit of analysis) in the network, with a focus on their 
ties to both social and ecological dimensions. Conceptualizing so-
cial capital, for example, through an ego-network perspective has 
proven useful to understand resource user resilience in the after-
math of environmental disasters (such as the Coastal El Niño 2017 
in Northern Peru, Kriegl et al., 2022).

Archetype analysis seeks to identify patterns of SES interactions 
leading to specific outcomes that are similar across cases (Eisenack 
et al., 2021; Sietz et al., 2019). Archetypes are typically considered 
mid-range theories because they identify context-relevant patterns 
of complex interactions that may be useful to explain phenomena in 
systems with similar contexts but not beyond (Eisenack et al., 2021; 
Partelow et al., 2024). Archetype analysis can further sort out dif-
ferent archetypes within datasets from diverse cases. For example, 
cluster analysis or network configuration patterns are typically used 
to identify archetypes of system functioning. Archetype analysis has 
been applied in many environmental governance contexts includ-
ing fisheries, aquaculture (Nagel et al., 2024; Partelow et al., 2025), 
drought adaptation (Villamayor-Tomas et al., 2020), sustainable land 
use (Piemontese et al., 2021) and poverty and food security (Rocha 
et al., 2019).

This research uses the case study of San Andrés (district in 
the province Pisco, Southern Peru) to examine the adaptive ca-
pacity of small-scale fishers applying a SEN approach. We focus 
on individual fishers as our primary unit of analysis to derive the 
species-fisher-buyer-market network as a whole, complementing dis-
cussions on diversification strategies of fishing portfolios (Barnes 
et al., 2019; Stoll et al., 2017) and fishers' adaptive capacity in gen-
eral (González-Mon et al., 2019; Sandström & Rova, 2010). At the 
same time, this study also contributes to the methodological and 
conceptual development of SEN analysis and theory as a proof-of-
concept case study. Linking both environmental and social factors 
together—while viewing the network structure through the lens of 
the individual fisher (i.e. a social–ecological ego-network perspec-
tive)—the core focus of this research is to explore the hypothesis 
that fish species, fishers, buyers and markets have relationships 
that can be structurally identified in networks to be more or less 
adaptive and thus more or less resilient, to future environmental 
changes such as ENSO.

2  |  METHODS AND THEORETIC AL 
CONTE X TUALIZ ATION

2.1  |  Study setting: The small-scale fishery in 
Pisco, Peru

Peru is the world's fourth most important capture fishery producer 
in terms of production volumes (FAO,  2024), due to the HCUS 
transporting nutrient-rich waters to the ocean surface, providing 
high primary and fisheries productivity. While the Peruvian 
anchovy (Engraulis ringens, mainly a target of the industrial fishing 
fleet) is a large majority of the total catch there is a diverse 
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multi-gear small-scale fishery (SSF) that targets more than 300 
species (Guevara-Carrasco & Bertrand, 2017). Within Peru, SSFs 
employ about four times more people than industrial fisheries 
(Alvarez,  2003) and provide one of the main sources of fish for 
domestic human consumption (Mendo & Wosnitza-Mendo, 2014) 
and supporting thousands of fishery livelihoods despite re-
occurring ENSO events.

This study focuses on SSF dynamics of the Pisco province, 
Region of Ica, 150 km south of Peru's capital Lima, and focuses 
here on San Andrés (Figure 1), an important fisheries hub of the 
province: almost all fishers from the surrounding landing sites 
commercialize their catch here, and San Andrés is one of the key 
seafood providers to the markets in Peru's capital Lima 
(ERM,  2002). Though semi-industrial and industrial fisheries are 
also present in the area, a majority of San Andrés' residents 
(13,757 according to national census data; INEI, 2018) have their 
livelihoods connected to the SSF as both fishers and fish workers, 
for example fish processors and cleaners, truck drivers, employees 
of the connected ice industry. In the desert environment of Pisco, 
fishing is an essential livelihood and nutrition source (Figure  2). 
According to Peruvian legislation, SSF is a category that encom-
passes every fishery operating predominantly with manual labour 
and with vessels with a maximum hold capacity of 32.6 m3 and a 

length of 15 m (DS 012-2001-PE1). Please note that this SSF classi-
fication applied during the time of study, but was modified in 2023 
as to distinguish traditional ancestral fishing (e.g. wooden raft 
fishing) from artisanal (i.e. small-scale) fishing Law N° 31749.2

2.2  |  Data collection

This study presents a novel conceptual approach and analysis, 
and as such the study represents an important pilot test of these 
methods to demonstrate the usefulness of SE ego-networks and 
archetype framings for value chain analysis. Primary data collec-
tion (participatory observations, informal conservations, key in-
formant interviews, fisher interviews) took place from September 
2019 to February 2020 at or near the landing site of San Andrés 
(Figure 1). The research protocol and interview guides (as provided 
as Appendix S1) were developed and tested prior to starting the 
field research and followed standard ethical research principles 

 1DECRETO SUPREMO No. 012-2001-PE. Available at: https://​cdn.​www.​gob.​pe/​uploa​ds/​
docum​ent/​file/​418473/​Decre​to_​Supre​mo_N%​C2%​BA_​012-​2001-​PE.​pdf last accessed 
2024-07-19.
 2https://​busqu​edas.​elper​uano.​pe/​dispo​sitivo/​NL/​21796​64-​1, last accessed 2024-07-19.

F I G U R E  1  Map of study area. Top-right panel: Peru is located on the Western coast of South America, its capital Lima is indicated. 
Bottom-right panel: The Ica region is on the Southern coast of Peru. Left panel: The Peruvian province of Pisco (in dark grey) encompassing 
five of Ica's eight small-scale fisheries landing sites (including San Andrés, in red). (Marine) National Reserves are indicated (dashed lines), 
RNSIIPG = system of islands, islets and guano deposits; for Span. ‘Reserva Nacional Sistema de Islas, Islotes y Puntas Guaneras’. For details 
on Figure construction and data sources see Section 2.4.
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throughout. This means that internal approval of the principal re-
search institution was granted, confirming that the dignity, rights 
and safety of the research participants were protected and that 
we acted in accordance with recommendations of Peruvian col-
leagues on how to respect local practices and formalities. All inter-
views were conducted in Spanish, and interviewees were informed 
about the study's goals and then asked to provide prior informed 
consent for their participation in the study before beginning. This 
informed consent to participate had to be collected exclusively 
verbally, as all participants declined to sign any ‘formal’ papers in 
the fear of traceability and distrust expressed towards authori-
ties. Participation was voluntary and completely anonymous, with 
interviewees being able to opt out at any time.

Key informants (n = 4) were representatives of local fisheries 
authorities and provided initial interviewees as an entry point for 
the primary fisher interviews. Key informants were here defined 
as community members who have both extended knowledge and 
experience with local fisheries. Open-ended, semi-structured inter-
views were applied (drawing from Interviews guides as presented 
in Appendix S1, but also being guided by topics emerging from the 
conservations) to explore contextual information on different fish-
ing practices and regulations, experienced and perceived changes in 
the fishery over time and current challenges.

Interviews with fishers (n = 45) were designed to gather 
both qualitative and quantitative data. This included questions 
on individual demographics (e.g. age, years fishing), the per-
son's fishing practice (e.g. target species, gear types, season-
ality) and overall fishery dynamics (e.g. satisfaction of work). 
Then, the fisher-buyer relations (e.g. how are buyers selected, 
how are relationships unfolding) and the value chain of har-
vested marine resources was explored. Finally, the perceptions 
of fishers' livelihood vulnerability and adaptive capacity to 
external perturbations to the fishery (e.g. ENSO events) were 
evaluated by providing a series of statements about perceived 
capacity to adapt in their social and social–ecological relation-
ships. These statements were selected based on literature and 
author knowledge. For an overview of perception questions cf. 
Table  4 in Section  3.4 (the complete questionnaire is provided 
in Appendix S1, Interview 1). In addition, seafood buyers (n = 8) 
were interviewed to gather complementary and contextual 
data (cf. Appendix  S1, Interview 2). Interviewing buyers (as key 
nodes) was considered crucial as they hold knowledge of both 
sides of the supply chain, about the fishers and the consumers/
other buyers. Both interview guides were semi-structured and 
designed to include the same questions; nonetheless, they were 
formatted to suit each interviewee.

F I G U R E  2  The desertic coastal-marine space of the Peruvian province Pisco. Upper two pictures by LC Kluger, lower two by MA Roque-
Sanchez.
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2.3  |  Network conceptualization and analysis

Following Bodin and Tengö  (2012), a SEN combines two types of 
nodes (ecological (E), social (S)) through three types of links: those 
that link ecological nodes (ecological–ecological (EE) links), those that 
connect ecological with social nodes (social–ecological (SE) links) and 
those that combine social nodes (social–social (SS) links). The SSF-SES 
of San Andrés was conceptualized as including target species (E1), 
fishers (primary social nodes S1), seafood buyers (S2) and seafood 
markets (S3), as well as links between these nodes (EE1, SE1, SS1, 
SS2, cf. Figure 3; Table 1). From the interview data, we specifically 
examined fishers and their ego-network to understand and capture 
the human-nature interface (fish-fisher interaction). This is because 
fishers represent and take actions in both the social and ecological 
realms of the network. As such, they are key nodes linking both sides, 
and understanding their individual adaptive capacity and resilience 
will likely help to explore connectivity across the network (system). 
This is why the individual ego-networks were joined afterwards to 
derive complete networks (as further described below).

Ecological–ecological links connected species (ecological nodes) 
with shared seasonality. For this, each species was assigned to one of 
three catch season categories (i.e. ‘winter’, ‘summer’, ‘all year’) based 
on a monthly weighted score reflecting the number of interviewees 
who target this species in a particular month. From these score dis-
tributions, the seasonality of each species was defined, with ‘sum-
mer’ extending from December to March and ‘winter’ from May to 
October, and April and November being considered as ‘off-season’ 
months (i.e. neither winter nor summer). Species not following an ex-
plicit seasonality were assigned to ‘all year’. These categories were 
then used as undirected ecological–ecological links between species 
within the same seasonal group. Accordingly, all species falling into a 
particular season are connected with each other, with no links being 
articulated across groups. This helps visualize the dependency of 
fishers to particular seasons and allows for the exploration of fish-
ers' vulnerability to seasonal disturbance events, such as summer 
heatwaves.

Social-ecological links were weighted by average catch volumes 
per fishing event, to account for seasonal variation, reported by 
fishers for any target species. In instances where ranges were 
given, the median reported value was used for analysis. Local 
units of measurements were converted to their rough kilogram 

equivalent, if necessary. For all reported catch species this infor-
mation was obtained, except for the Peruvian eagle ray (Myliobatis 
peruvianus), which is why this species couldn't be assigned to a sea-
son category.

Social–social links capture the pathway of seafood within the re-
spective fisheries value chains. Each interviewed fisher was asked for 
the destination of their products, that is to which buyers they sold and 
then to which markets those buyers sold For every market a fisher 
reported, an unweighted social–social link (Table 1) was created be-
tween fishers, buyers and markets; with a realized link reflecting the 
mere presence, not the frequency of the described connection.

Archetype analysis was used as a method to identify and classify 
observed patterns or typologies in the network. We identified four 
fisher archetypes emerging from their patterns of social–ecological 
(SE) connectivity. We defined this SE connectivity as the ratio of SE 
in-degree (i.e. the number of species fishers targeted; high or low) 
to SS out-degree values (i.e. the number of buyers fishers worked 
with; high or low). This resulted in fishers with: (1) low SE in-degree 
and low SS out-degree (‘low/low’), (2) low SE in-degree and high SS 
out-degree (‘low/high’), (3) high SE in-degree and low SS out-degree 
(‘high/low’) and (4) high SE in-degree and high SS out-degree (‘high/
high’). The cut-off values were determined inductively and based on 
observed mean values in the data distribution: Low was defined as 
targeting five or fewer species (for SE in-degree) and working with 
less than three seafood buyers (for SS out-degree), respectively.

An archetypical average fisher motif was created to demonstrate 
the average San Andrés small-scale fisher's value chain, calculated 
from the node attribute data: Fisher in-degree reflects the average 
number of species per fisher, fisher node out-degree describes the 
average number of seafood buyers a fisher works with, and buyer 
node out-degree depicts the average number of markets fishery 
products are sold into. As a second step, node diversity within each 
node type of that average fisher motif was analysed by ranking in-
dividual nodes within each node type group based on the highest 
degree value: out-degree in case of fisheries target species (i.e. eco-
logical nodes) and in-degree for both the seafood buyers (i.e. social 
nodes S2) and the seafood markets (i.e. social nodes S3).

A final step of the analysis was to derive a network representing 
the fisheries value chain as derived from the individual ego-networks 
described by fishers. This was done to visualize complex interactions 
and co-dependencies across fisher archetypes.

F I G U R E  3  Social–ecological (SE) 
network conceptualization of a fishery, 
comprised of ecological (E1, in blue) and 
social nodes (S1–3, in yellow, red, violet) 
connected by ecological–ecological (EE), 
SE and social–social edges (SS) For an 
overview of data collection approaches 
and analytical foci for each network 
compartment compare Table 1.
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2.4  |  Data cleaning and processing

Interview responses were digitally entered and transcribed, and if 
applicable, standardized and coded following an inductive approach 
in Microsoft Excel (MS Excel) (Microsoft Corporation,  2019). The 
map in Figure 1 was constructed in R (R Core Team, 2021) with the 
packages maps (Brownrigg, 2018), sp (Bivand et al., 2013; Pebesma 
& Bivand, 2005) and sf (Pebesma, 2018). For this, Peruvian admin-
istrative areas (region- and province-level) were retrieved from the 
Database of Global Administrative Areas (GADM, www.​gadm.​org, 
subdivision levels 1 and 2), and National Reserve geographic in-
formation (shape files) was downloaded from the webpage of the 
Peruvian National Service for Natural Protected Areas (http://​geo.​
serna​np.​gob.​pe/​visor​serna​np/​). Figures  3 and 6 were constructed 
with Affinity Designer (Serif, RRID:SCR_016952). Figures  4 and 
5 were made in R (R Core Team, 2021) using the package ggplot2 
(Wickham,  2016). Figures  7 and 8 were made with Gephi 0.9.2 
(Bastian et al., 2009) and afterwards modified in Affinity Designer 
(Serif, RRID:SCR_016952).

3  |  RESULTS:  THE FISHERIES SYSTEM OF 
SAN ANDRÉS THROUGH A NET WORK LENS

3.1  |  The ecological realm: Fisheries target 
species and seasons

From the 28 targeted species, six were reported to be predomi-
nately caught in winter (i.e. May to October), nine were predomi-
nately caught in summer (i.e. December to March), and twelve 

species were caught following no distinct seasonality (i.e. ‘all year’) 
(cf. Figure 4).

Of all ecological nodes (i.e. fisheries target species), Eastern 
Pacific Bonito (S. chiliensis chiliensis) was targeted by the highest 
number of interviewed fishers, as reflected by a comparatively high 
social–ecological out-degree of 30 (i.e. 67% of fishers targeted this 
species). This was followed by South Jack Mackerel (T. murphyi) and 
Pacific Chub Mackerel (S. japonicus) ranking second and third (SE 
out-degree values of 26 and 24, respectively). The average SE out-
degree for all ecological nodes was 8.3.

3.2  |  The social side: Seafood buyers and market

The majority of seafood buyers (n = 35) worked with one fisher, as 
reflected by a social in-degree (i.e. the number of incoming links 
from fishers) value of 1. This is contrasted by maximum in-degree 
values of 18 (buyer ID C7), while 8 buyers' SS in-degree value ranged 
between 4 and 6.

With the exception of the Peruvian anchovy E. ringens, all 
fisheries products were destined for direct human consumption 
and were sold and consumed in domestic markets. The majority 
of seafood landed and sold at the San Andrés dock reached the 
country's capital Lima, as reflected by a social in-degree value of 
40 (i.e. number of seafood retailers linking to this market), fol-
lowed by local markets (i.e. within Pisco province, cf. Figure 1), 
other domestic markets (e.g. Chincha province, just north of 
Pisco) and international markets (in-degree values of 30, 16 and 
2, respectively) (Figure  5). In these locations, seafood buyers 
mainly sell their product to wholesale markets (Span. mercados 

F I G U R E  4  Distribution of species 
targeted by interviewed fishers (n = 45), 
grouped by season summer, winter and 
all year (as defined in Section 2.3). See 
Table S3.1 (Appendix S3) for scientific 
species' names.
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mayoristas), minor markets (Span. mercados minoristas), restau-
rants and processing (Figure  5). Wholesale markets (there are 
two in Lima) serve as hubs for other vendors, for example su-
permarkets, restaurants and smaller, local food shops. Minor 
markets sell directly to the public and are usually smaller, local 
food shops; minor markets often get some of their products from 
major markets. Some products ultimately end up in the interna-
tional market as well after being processed (and deep-frozen) in 
plants within Peru, that is it is not buyers in San Andrés that sell 
to the international market, but rather San Andrés buyers sell 
to domestic processing plants who then deal with international 
distribution.

3.3  |  The average fisher motif: Disentangling action 
at the human-nature interface

The average fisher motif represents the average fisher's value 
chain (based on average network values) depicted as an ego-
network: the fisher as the ego and 5 fisheries target species 
(E1), 2 buyers (S2) and 2 markets (S3) as alters (Figure 6). From 
each node type, those with the highest degree measures (cf. pre-
ceding sections) were selected to describe the average fisher. 
Accordingly, the average fisher would catch Eastern Pacific 
Bonito (S. chiliensis chiliensis), South Jack Mackerel (T. murphyi) 

and Pacific Chub Mackerel (S. japonicus), ranking highest in 
terms of social–ecological out-degree (i.e. number of fishers tar-
geting these species). In addition, the average fisher would (for 
a total of five target species) catch two of the following species: 
Peruvian Anchovy (E. ringens), Cabinza Grunt (I. conceptionis), 
Stripped Mullet (M. cephalus) or Peruvian Silverside (O. regia), all 
of which tied for the rank of the fourth most important fisheries 
species. Peruvian Anchovy (E. ringens), Cabinza Grunt (I. concep-
tionis) and Peruvian Silverside (O. regia) are all predominantly 
caught in winter, while the other species are predominantly 
caught in summer. The theoretical average fisher would further 
work with two seafood buyers, selling into two markets: local 
and Lima (Figure 6).

3.4  |  Fishers' perception and value chain 
archetypes

Archetype analysis (Table  2) allowed us to classify observed 
typologies in the network, with the average SE connectivity of fish-
ers being 7.1. This analysis allows us to identify archetypes linked 
to particular fishing seasons. For example, all fishers with low  
SE in-/ high SS out-degrees target fisheries species from particular 
seasons, highlighting their vulnerability to seasonal impacts, for 
example summer heatwaves.

F I G U R E  5  Distribution of seafood 
products landed and sold at the San 
Andrés dock as indicated by interviewed 
fishers (n = 45), grouped by market type 
and destination; Local = Pisco province.
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Perception data (Table 3) corroborated the interpretation of our 
network results. For example, all fishers with high SE-in values per-
ceived they had many options regarding which species to fish, whereas 
fishers with low SE-in archetypes agreed to a lesser extent (cf. question 
1 in Table 3). High SE-in/High SS-out archetype fishers showed the 

highest level of agreement (i.e. 100% for all questions asked, Table 3) 
with respect to having options regarding which seafood buyers to sell 
to, receiving enough money for their catch and being able to negotiate 
prices. This supports the notion that fishers already exhibit adaptive 
capacity in both the ecological and market realms.

TA B L E  2  Overview of the four fisher archetype categories emerging from our analysis, as defined by their social–ecological (SE) 
connectivity (cf. Sections 2.3 and 3.4; Figures 7 and 8). The percentage of fishers falling into each category, a description of the respective 
fishing portfolio and the cross-reference to the archetype visualization in Figure 7 are provided.

Archetype
Percentage of 
fishers Description Results Figure

Low/low 69% (n = 31) Fishers with low SE-in and low social–
social (SS) out-degree (i.e. ‘low/low’ SE 
connectivity)

The majority (51.61%, n = 16) of this group 
targeted at least one species all year round, 
while 38.71% (n = 12) targeted both peak 
summer and winter species, and 9.68% (n = 3) 
target only summer species

Figure 7c

High/low 13% (n = 6) Fishers with a high SE in-and low SS  
out-degree (i.e. ‘high/low’ SE connectivity)

All targeted species from all three season 
categories

Figure 7a

Low/high 5% (n = 2) low SE in- and high SS out-degree  
(i.e. ‘low/high’ SE connectivity)

Caught only peak summer and winter species 
(i.e. no species that is caught ‘all year’)

Figure 7d

High/high 13% (n = 6) Fishers with a high SE in- and high SS  
out-degree (i.e. ‘high/high’ SE connectivity)

Caught at least one species from each peak 
season (i.e. winter and summer), as well as at 
least one species of the ‘all year’ category

Figure 7b

F I G U R E  6  (a) Theoretical fisher motif of the fisheries system in San Andrés, looking at the fisher through an ego-network lens. (b) 
Average fisher motif, including diversity of nodes within each node type. Node positions reflect their occurrence in the value chain, colour 
represents node type: fisheries target species (E1, in blue), fishers (S1, in yellow), seafood buyers (S2, in red), markets (S3, in violet). Pacific 
Chub Mackerel, Eastern Pacific Bonito and South Jack Mackerel ranked highest in terms of social–ecological out-degree. Peruvian Silverside, 
Peruvian Anchovy, Cabinza Grunt and Stripped Mullet are all tied for the fourth most popular target species, and hence, the average fisher 
would in addition target two of the other species (for a total of five catch species). Light blue polygons indicate ecological node's grouping 
(winter = oval, summer = rhombus, all year stable = trapeze, cf. Section 2.3 for definitions). See Table S3.1 (Appendix S3) for scientific species' 
names.
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3.5  |  The whole picture: The complete SEN

The complete SEN, describing the SSF-SES in San Andrés and following 
the value chain of fishery products from capture to consumer market, 

was derived from merging the fisher ego-networks and was then com-
posed of 28 ecological (fisheries target species) and 98 social (fisher, 
seafood buyer and market) nodes, and 117 ecological–ecological, 243 
social–ecological and 192 social–social links (Figure 8; Table 4).

F I G U R E  7  Complete social–ecological (SE) networks emerging from the different fisher archetypes and respective individual SE ego-
networks: a) Fishers with a high SE in- / low SS out-degree, b) fishers with a high SE in- / high SS out-degree ratio, c) fishers with a low SE 
in- / low SS out-degree, d) fishers with a low SE in- / high SS out-degree. Archetypes are based on their SE connectivity (cf. Sections 2.3 and 
3.4) and have been joined into complete networks to visualize dependencies of fishers to particular seasons. Node positioning represents 
occurrence in the fisheries value chain and colouring reflects node type: Fisheries target species' (E1, in blue, scaled proportionally to SE 
out-degree), fishers' (S1, in yellow, scaled proportionally to weighted SE in-degree), seafood buyers (S2, in red, proportionally to social–social 
[SS] in-degree) and market (S3, in violet; scaled proportionally to SS in-degree). Node grouping shows seasonality of fisheries target species 
(winter = oval, summer = rhombus, all year stable = trapeze, cf. Section 2.3 for definitions). See Table S3.1 (Appendix S3) for fisheries target 
species' scientific names.
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4  |  DISCUSSION

Examining the structure and adaptive capacities of fishery value 
chains is essential for understanding how environmental and so-
cial changes shape outcomes such as livelihood and food security. 
This study has provided empirical insights from San Andrés, Peru 
and demonstrated proof-of-concept theoretical dives into differ-
ent adaptive fisher archetypes. Below, we discuss how our findings 
inform the development of theoretical network models of fisher 
adaptive capacity, which can be used to test and compare how value 
chain structures shape individual and system resilience in other SSF. 
Our theoretical motif presented in Section 3.3 (Figure 6) importantly 
provides a baseline for comparability and cumulative learning for fu-
ture network and value chain studies on fisheries that move beyond 
our Peruvian case study. We believe that conceptualizing fisher's 
value chains as ego-networks (Figure 6a) reveals an important base-
line network structure (that is contextualized) for building theory 
(e.g. when discussing social–ecological dependencies and repercus-
sions of external stressors for any SSF-SES case study) and practice 
(e.g. when discussing concrete adaptation strategies for scenarios of 
species decline) through comparison with other studies. This means 
that for each case study an average fisher motif may emerge that 
is context specific, and the cross-case comparison will nourish gen-
eralizable theory development of perhaps larger and more robustly 
informed motifs.

4.1  |  Fisher and value chain adaptive capacity and 
resilience

The archetype analysis allowed us to classify four adaptive strate-
gies (cf. Section 3.4), and those expressing the highest SE connectiv-
ity (i.e. those with high SE in- / high SE out-degrees) appeared to be 
the most adaptive and resilient according to fisher's own percep-
tions. While it is difficult to identify the exact mechanisms for these 
observations, data linking network archetypes to outcomes, and 
supporting these with fisher perceptions, is a useful starting point 
to investigate mechanistic causes in future studies. For example, it is 
also evident that although adaptive capacity is possible and present, 
it is far from the average strategy: only 13% of all interviewed fish-
ers fell into this group. Diverse catch portfolios have been found to 
positively contribute towards fisher livelihood longevity (Allison & 
Ellis, 2001), and many argue fishers with diverse catch have a greater 
adaptive capacity to absorb both economic and environmental dis-
turbances than fishers who capture fewer and more similar species 
(Anderson et  al.,  2017; Cline et  al.,  2017; Alexander et  al.,  2019; 
Kluger, Scotti, et al., 2019). The opportunity to catch multiple spe-
cies distributes the risk of economic and environmental stressors 
over time, individuals and the value chain. This is compliant with the 
work of Kluger, Scotti, et al. (2019) and Kluger, Kochalski, et al. (2019) 
who argued that single-species dependency of resource users (fish-
ers, scallop farmers; in Sechura Bay, North Peru) made them more 
vulnerable to the effects of an environmental disturbance (i.e. the 

Coastal El Niño 2017). And De la Puente et al. (2022) argue that the 
progression towards decreased catch diversity has created social–
ecological traps for two fishing communities further North in Peru 
(El Ñuro, Cabo Blanco). Social–ecological traps occur when a system 
(here: SSF) experiences constant feedback loops that perpetuate 
dependency structures, and which can eventually undermine their 
health (e.g. overfishing a single species) instead of providing ben-
efits to those involved (Cinner,  2011). Nonetheless, developing a 
diverse catch portfolio for an individual fisher may take time, with 
challenges such as initial financing, gear attainment and knowledge 
of use and repair as well as developing networks for cooperative 
fishing and patron–client relationships (Carrillo et  al.,  2019). This 
is an important leverage point for fisheries managers around the 
globe: avoiding inflexible fishing permits tying fishers to (the use of) 
a particular resource that potentially lowers their adaptive capacity 
amidst a future disturbance event. Allowing fishers to be flexible in 
their catch portfolio, while maintaining sustainability targets likely 
helps them in confronting crises. Furthermore, allowing for flexibil-
ity on the fisher level who are principle agents at the human-nature 
interface can enhance flexibility aspects of resilience to the overall 
system that is bound to the fishery-dependency.

Our analysis of perceptions reflected both these challenges and 
opportunities. A majority of fishers stated that they do have options 
regarding what species they catch, and they can easily change their 
catch species using the gear they already have (Table 3). Additionally, 
when asked what fishers do if their typical catch species disappear 
(e.g. due to an ENSO event), 64% of respondents (n = 29) reported 
switching their catch species (Table 3). This suggests that fishers do 
have adaptive capacity and are already adapting to disturbances and 
fluctuating environmental conditions (e.g. seasons). This is further 
emphasized by the wide range (i.e. 28 different) fisheries target spe-
cies, indicating functional redundancies, that is multiple nodes (catch 
species) that could potentially fill the role of individual nodes that 
may disappear in response to a particular disturbance (Blythe, 2014; 
Folke, 2006). The valuation of individual adaptive capacity and re-
silience can inform discussions on network (system) resilience by 
identifying crucial dependencies or the functional redundancies 
that could allow vulnerability reductions. For this, perceptions are 
essential for understanding how fishers will navigate based on what 
they believe their position and vulnerability to be (Bennett, 2016; 
Partelow et al., 2021).

When considering the fisher–buyer side, the presence of more 
buyers than fishers, with price being the most agreed determinant 
for selecting a buyer, suggests that fishers can exert power, as they 
can select and negotiate with buyers for the best price without fear 
of losing market access (González-Mon et  al.,  2019; Kininmonth 
et al., 2017). This is corroborated by fisher perception data: all fish-
ers with a high SE in-degree perceived to have many options to 
whom to sell (cf. question 4 in Table 3) and the perceived power to 
negotiate was confirmed by all fishers interviewed (cf. question 6 
in Table 3). This supports the notion that the market component of 
the SSF is competitive and holds adaptive capacity. As Kininmonth 
et al.  (2017) find, having this freedom (i.e. being ‘freelance’ fishers 
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not being tied to a specific buyer requiring a specific catch species) 
may allow fishers greater flexibility in their fishing practices to better 
respond to and match both market and environmental fluctuations 
and disturbances. This further helps avoid dependent patron–client 
relationships where patrons hold the power of price and access to 
markets, and even loan financing and banking in some cases (Carrillo 
et al., 2019).

At the same time, fish buyers, in general, hold an intermediary 
role between fishers and markets, and thus have an ability to pass 
on information (Ferrol-Schulte et al., 2014) and to then potentially 
influence fishers' behaviour (e.g. by sharing information on market 
demands, which may drive fisher choice in catch species). The social 
dynamics of these relations can then impact fisher strategies that 

are adaptive to change (González-Mon et al., 2019). Having multi-
ple buyers and selling into multiple markets provides redundancies 
that act as insurance against market or buyer changes to access 
those markets. While some fishers do sell certain species to spe-
cific buyers, most report selling all of their catch to a single buyer 
they work with during that transaction; that is within the San Andrés 
value chains. This means that patron–client relations are not species-
specific, but specific to the buyer relationship. This suggests that if 
a change occurs (e.g. a buyer leaves), there are others to fill its place 
and function, a characteristic that has been associated with resilient 
SESs (that are represented as SENs) (Janssen et  al.,  2006; Walker 
et  al.,  1999). Similarly, a majority of fishers report their products 
going to at least two markets, specifically Lima and Local, regardless 

F I G U R E  8  Overview of the complete social–ecological (SE) network describing the small-scale fisheries of San Andrés as derived from 
the individual ego-networks of fishers. Nodes (ecological (n = 28), social (n = 98)) are positioned along the y-axis based on their appearance 
in the value chain, and coloured according to node type: Fisheries target species (E1; in blue; sized proportionally to SE out-degree [SE-out]), 
fishers (S1; in yellow; sized proportionally to total degree [SS-tot]), seafood buyers (S2; in red; scaled proportionally to SS in-degree), markets 
(S3; in violet; sized proportionally to SS in-degree). Node grouping represents fisher archetypes (light yellow ovals, cf. Sections 2.3 and 3.4; 
Table 2) and seasonality of fisheries target species (winter = oval, summer = rhombus, all year stable = trapeze, cf. Section 2.3 for definitions). 
See Appendix S3, Table S3.1 for fisheries target species' scientific names. SS, social–social.
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of buyer. Markets are typically not species-specific. Again, this re-
dundancy could be viewed as a sign of resilience, specifically to-
wards disturbances that cause the removal of network links (Janssen 
et al., 2006). Having these redundancies may provide the opportu-
nity for the core identity of fishers' value chains. Yet, the effects 
that markets impose on fisheries' and aquaculture's value chains are 
not to be neglected: Kluger, Taylor, et  al.  (2019), for example, de-
scribe how access to international markets stipulated an explosion 
in the production of the Peruvian bay scallop (Argopecten purpura-
tus) in Peru, how international market requirements (such as sanitary 
standards of the EU) shaped local production practices and how low 
international prices led to the exclusion of Chilean scallop producers 
from certain markets. And Bakit et al. (2023) describe how environ-
mental changes in a target market (i.e. in Spain) of the same spe-
cies facilitated renewed market access. Furthermore, major social 
changes such as the COVID-19 mobility restrictions can significantly 
shift how, where and in what form seafood products are distrib-
uted to different markets (Campbell et al., 2021; Kluger et al., 2023; 
Manlosa et al., 2021; Partelow et al., 2023).

Overall, some fishers are quite diversified in their catch and buy-
ing practices, while most are not, having relatively few catch species 
and buyers. However, to assess resilience, we must again contextu-
alize these numbers and look more closely at the specific identities 
of the catch species and buyers connected to the fishers. There are 
fishers that target species with different peak catch seasons (i.e. 
adapting to seasonality). Likewise, fishers from all categories work 
with the four major buyers and sell their products to both the Lima 
and local markets. This suggests that fishers from within all catego-
ries are already adapting (i.e. to changing environmental factors like 
season) and hold additional adaptive capacity (e.g. by having redun-
dancies in their value-chain relations). Furthermore, it is important to 
remember that among fishers categorized as catching a low number 
of species and selling to a low number of buyers, many do still have 
multiple options throughout their value chains. Even having ‘only’ 
two options demonstrates adaptive capacity and likely makes fishers 
more resilient than single species or single buyer arrangements (e.g. 
many industrial fishers).

Overall, it has been argued that many Peruvian small-scale fish-
ers are diversified within the fishing sector, primarily by being flex-
ible to fish other species (Kleisner et al., 2022). But fisher resilience 
(or any human, to that matter) depends, however, not only on the 
availability of coping mechanisms within the system but also on non-
fishery livelihood options in the same location. In Peru, small-scale 
resource users have historically adapted to changes in species fluc-
tuations or environmental crises by moving along the coast in search 
of other work (within or outside the seafood sector; Badjeck et al., 
2009; Kluger, Alff, et al., 2020). Increasing individual adaptive capac-
ity and resilience through livelihood diversification is corroborated, 
for example, by the findings of Pollnac et al.  (2024) who explored 
the perception of and adaptation strategies to ENSO of about 800 
fishers along the Ecuadorian coast. While this is theoretically still an 
option for many fishers and fish workers (with many resource user 
movements having been observed in the aftermath of the Coastal El 
Niño event; Kluger, Alff, et al., 2020; Kluger, Kochalski, et al., 2019) 
not all types of shocks may enable these strategies. The onset of 
the COVID-19 pandemic, for example, has interrupted people's 
ability to roam freely in search for work (e.g. Campbell et al., 2021; 
Kluger et al., 2023; Partelow et al., 2023; also documented for other 
SSF-SESs around the world), with drastic effects for fishers and fish 
workers.

In some occasions, aquaculture is adopted and/or promoted 
as a means to promote livelihood diversification and/or an alter-
native to traditional fisheries, for example when fishing declines 
render individual options within the sector difficult. However, 
globally there is little evidence of the so-called blue transition 
hypothesis until aquaculture sectors become more dominant than 
capture fisheries (Cottrell et  al., 2021). Nonetheless, the coastal 
fisheries context matters. In Peru and Chile, small-scale fishers 
have, for example, started flourishing economic sectors such as 
the aquaculture of the Peruvian bay scallop (e.g. Bakit et al., 2023; 
Kluger, Taylor, et al., 2019); against the background of marine pol-
icies supporting aquaculture diversification in both places (Bakit 
et  al.,  2024; Garteizgogeascoa et  al.,  2020). And while these 
farms indeed served as a lucrative income source for thousands 

Network feature ID Defined as n

Ecological node E1 Fisheries target species 28

Social node S1 Fishers 45

S2 Seafood buyers 49

S3 Markets 4

Total number of nodes 126

Ecological–ecological edges (undirected) EE Main fishing season 117

Social–ecological edges (directed) SE Fisheries target 
species → fishers

243

Social–social edges (directed) SS1 Fishers → seafood buyers 104

SS2 Seafood buyers → markets 88

Total number of links 552

TA B L E  4  Overview of social–ecological 
network components, indicating the 
different network features, their 
respective ID and definition and the 
number of items (n) in the complete 
network.
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of locals (Kluger, Taylor, et  al.,  2019), it has also created what 
Steneck et al. (2011) termed a ‘gilded trap’ in times of crisis: a sit-
uation in which group actions resulting from an economically at-
tractive activity outweigh concerns over social or ecological risks 
(Cumming, 2018; Steneck et al., 2011). When the Coastal El Niño 
2017 hit Northern Peru, its heavy rains caused a literal die-off of 
scallop cultures in the region, and those farmers who were ex-
clusively dependent on scallops were more heavily affected and 
had difficulties recovering (Kluger, Kochalski, et al., 2019; Kluger, 
Scotti, et al., 2019). In this example, the promotion of aquaculture 
led to increased single-species dependency rather than a liveli-
hood diversification.

4.2  |  Advancing SEN theory

This study provides a proof-of-concept model that can be the foun-
dation for theory building by comparing fisher and value chain 
adaptive capacity in other fisheries. Our findings indicate how 
diverse information from expert interviews and individual fisher 
ego-networks derived from in-depth interviews can be combined 
to construct a fully integrated SEN to analyse value chain structures 
and their changes, as well as the positioning (and thus resilience) 
of individual fishers. This theory-forward fisher motif presented 
above reflects typical value chain interactions of a resilient fisher, 
which can act as a basis of reference for designing future studies 
to test adaptive capacity in similar contexts to advance theories 
of resilience. We derived an average archetypal fisher motif which 
was based on four empirically different archetypes, each of which 
could be further empirically supported and lead to multiple arche-
type motifs in future research. Importantly, adaptive capacity can 
only be fully assessed by collecting and analysing data from both 
the social and ecological realms. Network analysis has helped ex-
amine how they are connected and interdependent. This study 
also makes methodological contributions to SEN theory develop-
ment, which is challenged by a lack of standardized methods of 
(statistical) analysis across social and ecological realms (Kluger, 
Gorris, et  al.,  2020), and differentiated methods for the analysis 
of resilience thresholds of these inextricably linked components 
(Blythe,  2014). Recent reviews of SEN literature (Kluger, Gorris, 
et al., 2020; Sayles et al., 2019) have identified methodologies that 
can be utilized across fully articulated networks (i.e. reflecting so-
cial–social, social–ecological and ecological–ecological links); one 
such tool is motif analysis (Kluger, Gorris, et al., 2020). As such, the 
novel contribution of this study is the conceptual and methodologi-
cal approach of using SE-networks and archetypes to understand 
fisheries value chains. By focusing specifically on fishers with an 
ego-network approach, we have been able to put forward a tenta-
tive archetypical model for future research with a clear network 
structure and measurable node definitions. We believe this makes 
clear progress towards more standardized and comparable research 
on SES analysis from a network perspective that combines perspec-
tives on individual and system resilience.

While network analysis allows us to comparatively discuss sys-
tem configurations, connectivity and actor interdependencies—and 
hence helps in advancing our understanding of SES in general—any 
model is also inherently reductionist, potentially limiting the gen-
eralization of results. SEN theory carries the biases of choices for 
data collection and individual network parametrization, but also by 
the method as such, one could argue. Our complete SEN was de-
rived from joining individual ego-networks into a holistic perspec-
tive, which is different from deriving a complete network from 
large-scale survey data; and each approach comes with benefits and 
caveats. Although mechanistic drivers of archetype formation are 
difficult to assess in our study, we provide necessary and integrated 
observations linking network structures to outcomes and fishers' 
perceptions about those outcomes as a crucial starting point. In our 
opinion, it is best coupled with (other) multi-method qualitative-
quantitative assessments of the system and its dynamics to deepen 
insights. For example, the structure of fisher-buyer relations can be 
observed in the network and supported by node attribute data for 
interpretation. Nonetheless, to fully assess patron–client social dy-
namics such as social capital, rich qualitative assessment needs to 
be added to provide meaning, interpretation and perhaps causality 
to observed network structures and interpretations of resilience. As 
external analysts, we may observe and interpret resilience in a net-
work; however, if fishers do not perceive themselves to be resilient, 
but rather constrained, such factors need to be considered and un-
packed through other methods.

5  |  CONCLUSIONS

San Andrés small-scale fishers are diverse in their target species 
and gear, and reflect different adaptive strategies to value chain in-
teractions (buyers, markets) and the environment (seasonality). We 
interpret our findings in a way that diverse catch portfolios repre-
sent the basis for a diverse value chain with a diversity of buyers 
and markets, while providing the opportunity to distribute the risk 
of economic and environmental stressors over time, individuals and 
the entire value chain. Through applying social-ecological network 
analysis, different fisher archetypes were identified (i.e. patterns of 
network structure and interactions), with fishers selling their prod-
ucts to buyers in a competitive market, where the main reported 
driving force of a sale is price (i.e. not a pre-established, asymmet-
ric agreement with a single buyer). Fishers exhibit adaptive capacity 
by switching target species by season and retain the possibility to 
adapt because of the choices they have for catch species, buyers and 
markets. However, adaptive capacity was not uniform. It depends on 
fishers' social–ecological connectivity along the value chain, shown 
as different archetypes in the analysis. We aggregated these insights 
into a contextualized theoretical fisher motif that quantifies value 
chain relations and highlights the core network structure of adaptive 
capacity. Fishers have multiple options within each step of the value 
chain: (1) catching five or more different species, (2) selling to two or 
more different buyers and (3) selling their products into two or more 
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different markets. This contextual motif provides a basis for further 
theorizing fisheries value chain resilience through network analysis 
and could act as a means for broader or rapid comparison across 
fisheries that would have their own fisher motifs. Furthermore, this 
study highlights the importance of mixed method and interdiscipli-
nary approaches to comprehensively understand SSF-SESs and their 
resilience through network-based approaches.
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