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ABSTRACT

Livestock is the main source of food and income, as well as a key socio-cultural asset for pastoralist households
in arid and marginalized environments. Pastoral households in the drylands of Northern Patagonia in Argentina
have faced repeated droughts over the past two decades and a large volcanic ashfall in 2011 that halved their
livestock herds. While most households were severely affected by these events, some were able to withstand
or recover over time while others suffered prolonged stress or even out-migrated. Through in-depth interviews
with 33 pastoral households in Pilcaniyeu (Rio Negro Province), we investigated the factors that shaped their
functional responses and adaptive strategies in the face of these shocks, under the lenses of ethnobiology and
systemic resilience theories. We assessed livelihood decisions, social interactions and changes in household as-
sets before the ashfall (2011), during the six months following it, and eight years later (2019), and identified
four structural and four functional responses archetypes (Anticipatory, Reactive, Conservative and Passive) and
their adaptation strategies (Tolerance, Resistance, Avoidance, Diversification and Transformation). Household
structural characteristics were less instrumental at determining the adaptive responses observed in the com-
munity than their ethnobiological and biocultural characteristics. Household responses were enabled by assets,
local knowledge and social capital, mediated by individual motivation, collective agency and culturally situated
values. Our findings further highlight that in such marginalized environments access to telecommunication or
road connectivity are critical at enabling a range of functional responses and adaptive strategies, especially when
they rely on collective action. Policies to support resilience of pastoral livelihoods should consider the diversity
of strategies as identified here, prioritizing aids for households exhibiting passive responses while enhancing the
adaptive potential of those already able to mobilize conservative, anticipatory and reactive strategies. Over-
all, this study contributes a novel, complementary methodology for understanding and categorizing household
adaptation from an ethnobiological and biocultural perspective.
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SIGNIFICANCE STATEMENT

This manuscript offers an original contribution to unravel endogenous socio-ecological resilience of pastoral
peoples in arid environments by integrating knowledge on household characteristics, functional responses, and
adaptive strategies through archetype analysis. Based on longitudinal qualitative data from pastoral households
in Northern Patagonia, it captures how rural communities facing recurrent droughts and volcanic ashfalls learn
and adapt over time. The research advances methodological innovation by applying archetype analysis to social-
ecological systems, adding to the existing body of semi-quantitative methods in social science, and empirical
significance by documenting adaptation processes in a remote, underrepresented dryland region. The findings
highlight the central role of social networks, connectivity, and individual and collective agency in shaping
adaptive responses beyond structural assets. By revealing the complexity and diversity of community responses
in so-called “desert” landscapes, this work contributes to broader discussions on resilience, sustainability, and
the co-production of knowledge for local and global adaptation strategies.

INTRODUCTION

The increasing frequency of adverse climatic con-
ditions, coupled with other global change drivers, rep-
resents a threat to the persistence of dryland pas-
toral communities, their food security and livelihoods
(e.g., Dossouhoui et al. 2023 and Godde et al. 2019).
The coping and adaptation strategies deployed by pas-
toral households rely on both social and ecological
processes and may vary from small adjustments to
their livelihood activities to thorough reconfiguration
of their socio-ecosystems (Tittonell 2023). Certain
strategies may also imply outmigration or further pres-
sure on natural resources, with negative consequences
for the long-term sustainability of pastoral livelihoods
(Novotny et al. 2021).

Rural households in Northern Patagonia are no ex-
ception to this. Throughout their history, they have
faced economic instability, an increase in the frequency
and intensity of droughts, and recurring volcanic ash-
falls. In the face of these adverse conditions, there
has been a constant tension between abandoning the
territory and the rural livelihoods, or persisting in it
(Zubizarretta 2015). Understanding the diversity of
adaptation strategies employed by pastoral households
in the face of such adversities will contribute to guide
development interventions and public policies to en-
hance their resilience in a targeted and locally relevant
manner.

The study of rural livelihood strategies aims to
understand agricultural dynamics and processes of
change or transformation (e.g., Jiao et al. 2017). This
approach can be applied at different levels (regional,
national, local or household) and has been addressed
using different types of categorization methods, from
the study of trajectories of change (e.g., Scoones 1998;
Dorward et al. 2009; Novotny et al. 2021) to the
assessment of community strategies (e.g., Acosta et
al. 2021; Imperiale and Vanclay 2021). At commu-
nity level, short term responses and long-term adapta-
tion strategies differ across households, as influenced
by their characteristics, history and context, and cat-

egorizing such diversity through household typologies
has been the focus of several studies (Alvarez et al.
2018).

Most of the typologies proposed to categorize ru-
ral households are structural, considering their family
structure and assets, often leaving out their functional
aspects. Alternatively, the diversity of livelihood and
adaptation strategies can be assessed through the de-
lineation of functional typologies that allow catego-
rizing households not only based on their structural
characteristics (e.g., size, resources, activities, etc.)
but also according to their responses to adverse situa-
tions. Functional responses and adaptation strategies
are shaped by local ethnobiological knowledge and bio-
cultural heritage (Casas et al. 2015; Ferreira Junior
et al. 2015), as studied in the field of evolutionary
ethnobiology (Santoro et al. 2018). One way to cate-
gorize the diversity of functional responses is through
archetype analysis (¢f. Sietz et al. 2017), a multi-
variate statistical method to identify and character-
ize archetypes or extreme points in a dataset, which
may represent prominent behaviours among house-
holds (Tittonell et al. 2020). This methodology allows
dealing with a combination of quantitative and quali-
tative variables, common in the construction of func-
tional response typologies, whose variables generally
arise from non-structured interviews with household
and community members.

Evidence from Northern Patagonia already shows
how the structural characteristics of rural households
can influence their functional responses (e.g., Hara
et al. 2022; Laborda et al. 2024; Reising et al.
2022). Production diversification, associative action,
and off-farm income diversification were identified
as main strategies of rural households to deal with
droughts (Easdale and Rosso 2010). The perception
of droughts by rural actors and their palliative and
adaptive strategies were also documented in the re-
gion (Solano-Hernandez et al. 2020), as were their
persistence strategies and resistance to territorial ex-
pulsion, focusing on migrations, social organization
and livelihoods (Bendini and Steimbreger 2013; Zu-
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bizarreta 2015). In the last 20 years, pastoral house-
holds experienced a significant impact on their herds,
which are their main production activity and source
of food and income, with reductions in the order
of 50% due to a major volcanic ashfall (¢f. Fig-
ure 1 D) during a long-lasting drought (Laborda et
al. 2024). Many families abandoned the land, while
others remained in the area. Those who remained
were households that exhibited resilient rural liveli-
hoods, capable of facing adverse conditions through
adaptation strategies Despite household functional re-
sponses and adaptation strategies being shaped by
local knowledge, individual experiences and intangi-
ble biocultural assets, in other words, their kosmos-
corpus-prazis (Toledo 2022), we hypothesise that there
are recognisable patterns in such responses that can
be categorised through a combination of (quali- and
quantitative) methods. Here, we combined qualita-
tive knowledge with the use of structural and func-
tional archetype analyses to explore such patterns.
The heuristic advantage of this approach resides in
the identification of enabling conditions, behavioural
and contextual patterns shaping responses beyond de-
terministic structure—function relationships, providing
a more nuanced and process-oriented understanding
of household adaptation strategies. A previous study
in Northern Patagonia examined palliative measures
of households facing environmental adversities with-
out considering the reconversion or transformability
of rural livelihood systems (Tittonell et al. 2020).
They suggested a co-existence of adaptive strategies
of ‘Tolerance’, ‘Resistance’, ‘Avoidance’, ‘Diversifica-
tion’, and ‘Transformation’, analogous to ecological
strategies of plant communities. Building on such ini-
tial findings, the present study relies on in-depth in-
terviews to test the hypothesis of co-exiting strategies
shaped by individual experience and local knowledge
and their relationship with collective strategies (‘Mu-
tualism’) based on reciprocity and associative action
among individuals.

Pastoral livelihoods in Patagonia and other dry-
lands worldwide are inextricably linked to rangeland
biodiversity, and pastoralist ethnobiological knowledge
and belief systems (corpus and kosmos) translates into
a diversity of herding practices (prazis) that make use
of rangeland heterogeneity. Here, however, we focus on
how the kosmos-corpus-praris complex shapes adap-
tation strategies through people’s agency, and not on
the specific role played by rangeland biological diver-
sity. Through a longitudinal analysis of 33 households
in two localities of Northern Patagonia at three spe-
cific moments — before the volcanic ashfall in 2011, in
the six months following it, and in 2019 — we aimed
to evaluate (i) whether household structural character-
istics condition their functional responses to environ-
mental adversities as postulated in previous studies,

and (ii) whether the archetypal typologies of house-
hold functional responses (pattern) bear a relation to
their adaptive strategies (process). To describe and
analyse the strategies implemented by households, we
first consider their social, human, natural, productive,
and financial capitals. Then, we analyse the archety-
pal responses that emerged after the volcanic ashfall
in 2011 and recurrent droughts and evaluate their rela-
tionship with household structural characteristics and
associated adaptive strategies. The identified patterns
were used to infer household adaptation strategies,
contributing new evidence to ethnobiological debates
on resilience and the role of local kosmos-corpus-praxis
at shaping the persistence of the households under en-
vironmental stress.

MATERIAL AND METHODS

Study area

Pastoral livelihoods in Patagonia and other dry-
lands worldwide are inextricably linked to rangeland
biodiversity, and pastoralist ethnobiological knowledge
and belief systems (corpus and kosmos) translates into
a diversity of herding practices (prazis). The research
was carried out in the dryland region of North Patag-
onia Argentina, known as Patagonian steppe ecore-
gion, in Pilcaniyeu department of Rio Negro province
as shown in the Figure 1 A and C. Pilcaniyeu covers an
area of 10,545 km? with a population of 7,428 in 2010
and 9,373 in 2022 (INDEC 2023). The study region
has a cold and arid climate with annual precipitation
ranging from 452 mm in the west to 299 mm in the
east, concentrated in fall and winter. The region is
exposed to recurrent droughts (Solano-Hernandez et
al. 2020) and, less frequently, volcanic ashfalls. These
events, together with overgrazing, reinforce grassland
degradation (Lopez et al. 2013). Potable water, elec-
tricity and gas supplies are available to only some
households. Roads are insufficient (Figure 1 E) and
often interrupted due to snowfall and rainfall erosion.
Telecommunication signals are scarce. Household’s ac-
cess to credit and financial resources and the possibil-
ity of developing off-farm and non-agricultural activi-
ties are limited, as well as their access to health and
education services.

As documented in previous studies, the area is
characterised by the presence of Mapuche Indigenous
communities, as well as cooperatives focused on wool,
seeds, forage, and crafts. Households participate in
different local and regional fair markets, most of which
are supported by public institutions (such as INTA at
the national level, as well as provincial and municipal
governments) through training, technical assistance in
production, support for organizational processes, and
the provision of municipal spaces for their operation
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Figure 1. Location of the Patagonian steppe ecoregion (yellow area) in Argentina (A) and in the world (black
area; B); the perimeter of the area shown in figure C is indicated by a black perimeter of a rectangle. The study
area (solid black rectangle) is in the Pilcaniyeu department (grey area) of Rio Negro province (C). The location
of the Puyehue-Cordén Caulle volcano (red triangle) is marked, along with its volcanic ash plume, which appears
as a whitish cloud extending eastward from the triangle. The black rectangle indicates the area shown in figure
E (Image obtained on June 13, 2011 by NASA (2021); D). The study area displays the interviewed households
(black dots), roads (orange lines), schools (grey dots), and the Limay River (light blue; E).

(Kropff et al. 2019; Longo Blason et al. 2024; Ntiiez
and Conti 2015). This support was particularly strong
in the years around 2011 (Grinberg 2014). In the study
area — between 2011 and 2019 — there were two rural
health posts and three schools (Figure 1 E). The pres-
ence of the Catholic Church and these public institu-
tions has contributed to strengthening social organi-
zation, while kinship networks have often functioned
as important support systems, transcending the geo-
graphical boundaries of individual communities. Sport
fishing in the region’s rivers and the relative proxim-
ity to mountain resorts create some opportunities for
rural tourism activities (Laborda et al. 2024; Nufiez
and Conti 2015).

Pastoral households

Pastoral systems in the Rio Negro province are pre-
dominantly sedentary, with 89% of households having
defined boundaries (INDEC 2019). We define pas-
toral households as those that are closely linked to
their land, traditions, and local culture, with landhold-
ings ranging from 30 to 1,600 hectares. Most of their
income-monetary or not-derives from livestock, and
most production activities are carried out by house-
hold members and their relatives. It is common for
members to temporarily or permanently migrate to
neighbouring estates, rural towns, or cities, supple-
menting their income with off-farm work and access-
ing essential services such as healthcare and education
(Bendini and Steimbreger 2013). In our study area,
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rural households are classified as sedentary pastoral
units (Tittonell et al. 2021).

Historical dispossession of pre-existing indigenous
communities in the region has resulted in an asymmet-
ric land tenure system, wherein most households lack
formal title deeds and acquire land primarily through
direct inheritance (Kropff et al. 2019). Livestock ac-
tivities, primarily focused on wool production for the
export market, are rooted in traditional practices and
social networks but are also enhanced by the adoption
of modern technologies (Hara et al. 2022; Reising et
al. 2022). Non-agricultural ones complement these
agricultural activities. Decision making around nat-
ural resources and livelihood activities are shaped by
what Toledo and Barrera-Bassols (2008) described as
kosmos-corpus-praxis. This framework posits that the
body of knowledge (corpus) that household members
possess regarding land management stems from their
worldview, their system of beliefs, desires, and sym-
bolic representations (kosmos) and the set of practices
they implement (prazis) as illustrated in Figure 2. In
this context, knowledge, practices, and products cir-
culate within the system among households through
processes of social reproduction and transmission.

Volcanic ashfalls

The eruption of the Puyehue Cordén-Caulle Vol-
canic Complex (40°58” S, 72°11” W) occurred over 10
days, starting on June 4, 2011. The eruption dispersed
approximately 100 million tons of pyroclastic mate-
rials over Argentine Patagonia, affecting more than
24.4 million hectares with ash deposition reaching a
thickness of 3-5 cm in the study area (Gaitén et al.
2011). An image of this event is shown in Figure 1
D. The event occurred without warning due to lack of
a volcanic crisis management protocol. Ash pollution
affected the availability of water sources for both hu-
man and animal consumption. Regarding the health
of exposed people, it caused ocular and respiratory ail-
ments, and symptoms of psychological stress such as
anxiety and depression (Wilson et al. 2013). In ani-
mals, the ash caused dehydration, starvation, rumen
obstruction and dental abrasion (Wilson et al. 2013).

Data collection

To identify prominent behaviours of farms, exam-
ining rural households’ response to drought and vol-
canic ashfall, we conducted semi-structured interviews
with the purpose of obtaining situated information.
All interviews were conducted with prior, free, and in-
formed consent of the interviewees, in accordance with
the provisions of the Ethnobiological Ethics Code (ISE
2006). During the seasons of 2018 and 2019, we inter-
viewed 33 rural households from Pilcaniyeu depart-

ment.

The interviews were conducted following the snow-
ball methodology, whereby one person is recommended
by another beforehand (Albuquerque et al. 2010),
based on an initial presentation made by local agri-
cultural extension agents. The rural households se-
lected for study were those composed of individuals
who resided in the countryside for most of the year,
where labour was predominantly family-based, as was
the responsibility and control over agricultural activ-
ities. The unit of analysis used was the household,
which integrates biophysical, social, cultural, and pro-
duction information as illustrated in Figure 2. The
coverage area was 500 km?. We interviewed pastoral
households that had experienced the 2011 ashfall event
in the territory, excluding large farms. We interviewed
approximately 66% of the households that met these
criteria in the study area, totalling 84 permanent res-
idents.

The average number of visits per household was 2.5
times, ranging from one to five visits per household.
Each interview lasted a minimum of 2 hours, during
which dialogues were held with household members
involved in the topics of each interview, and in the
company of other household members. Generally, in
households with more than one person, responses were
discussed and agreed upon among those present (from
children to elderly adults). In cases where we observed
that women were not given a voice by men, we aimed
to direct questions to them as well and include them
in the conversation to the extent possible. Participant
observation was conducted, accompanying interviewed
participants on their premises, assisting in tasks such
as harvesting, cooking, tending to gardens, gathering
firewood, and fetching water, among others.

Data handling and scoring

We characterized households in terms of resources
and structural characteristics (land tenure, water
source and availability, presence of wetlands, field
size). We inquired about their production activi-
ties (number of livestock by species, farm animals,
presence of orchards, fruit trees, production and/or
use of forage), economy (types of on-farm and off-
farm income) and household composition (number of
permanent and sporadic members, migrations, age
and gender of household members) before and after
the volcanic ash fall in 2011, and during 2018/2019
(Additional File 1. We processed and interpreted the
written records quantitatively and qualitatively, stor-
ing them in databases (database Laborda 2025).

Utilizing qualitative discourse analysis, we retro-
spectively converted the interview data into structural
and functional variables associated with the liveli-
hoods of the household units. In total, we identified
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Figure 2. Diagram of the socio-ecological system of rural livelihoods, composed of the Household Unit (includ-
ing the household members and their kosmos-corpus-praxis), a secondary residence (belonging to the household),
and individuals who are not part of the household but participate in agricultural and social reproduction activ-
ities (usually relatives). Among them and within their context, money, products, information, and production
and social reproduction activities flow. This system is embedded in and traversed spatially and temporally by
a specific socio-environmental context. The environmental components (soil, biota, climate) are represented in
green, while the social components (economy, institutions, public policies) are represented in violet.

31 variables, including 13 functional variables (depict-
ing how households responded to the disturbance) and
18 structural variables (representing fixed or relatively
stable attributes). Based on this, we built a structural
and a functional data table. For each selected vari-
able (quantitative and qualitative), we created ordinal
classes, seeking to avoid or reduce atypical cases. We
assigned between two and six classes to each variable
(Additional File 1), assigning scores to each one start-
ing from 0 onwards (whole numbers). Both databases
were analysed using archetypal analysis.

To compare different livestock species, we used
the Sheep Livestock Unit (SLU), as suggested by Ar-
gentina’s National Institute of Agricultural Technol-
ogy (INTA). This unit considers the forage needs of a
SLU to be equivalent to those of a 40 kg live-weight
Merino sheep (Siffredi et al. 2013). We converted all
livestock species into SLU values. Young local sheep
corresponded to 1.14 SLU; for cattle, a Criollo heifer
corresponded to 8.97 SLU; for goats, we averaged the
SLU values of Angora and Criollo goats, resulting in
1.29 SLU. Regarding horses, we averaged the SLU be-
tween a grazing horse and a working horse, resulting
in 12.32 SLU.

Social networks were treated as a situational and
relational variable, focusing on whether households re-
ported activating formal or informal ties during the
volcanic ashfall. Given their fluid and intermittent na-
ture of participation in these organizations, the anal-

ysis does not quantify prior membership or participa-
tion intensity. Instead, it emphasizes the functional
role of social ties as resources mobilized or not acti-
vated during and after the crisis.

Construction of the typology

Archetype Analysis (AA) identifies extreme points
(archetypes) in the multi-dimensional distribution of
data. Each household unit is referenced to each
archetype to some extent, with greater reference indi-
cating higher correspondence to that model. The sum
of references for a household unit across all archetypes
equals 1. When a household unit’s reference to a given
archetype is ‘1’ (100%), it is an archetypoid for that
archetype, with references to other archetypes being
‘0’ (0%). Each archetype can have zero, one or mul-
tiple archetypoids associated with it (Tittonell et al.
2020). The number of archetypes was determined us-
ing the AICc criterion, and we identified the descrip-
tive variables for each archetype (see methodological
details in the Section 1 of the Supplementary Mate-
rial).

Structural and functional characteristics of rural
households have a degree of interdependence; there-
fore, we divided the analysis into two instances.
Firstly, we conducted an AA to develop a typology of
structural characteristics, using variables such as the
number of livestock units, field surface area, household
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composition (See ‘Structural Characteristics Vari-
ables’ from variable ‘N’ to ‘AE’ in Additional File 1).
On the other hand, we carried out a functional ty-
pology, considering variables that would represent the
responses of rural households (e.g., their decisions on
what actions to take or avoid; see ‘Functional Re-
sponse Variables’ from ‘A’ to ‘M’ in Additional File 1).
Then, we evaluated the degree of convergence be-
tween the results of the functional and structural AA.
In this context, a household was associated with a
given structural archetype if its correspondence with
that archetype was greater than 0.5 (50%). To verify
whether structure influences potential functions, we
expected that all households associated with a given
functional response archetype would also be associated
with the same structural archetype. After that, we
linked the adaptation strategies to each type of func-
tional response (Next Section).

Livelihood-based adaptation strategies

To identify livelihood-based adaptation strategies
associated with types of functional responses, we es-
tablished relationships with the previously mentioned
strategies: Tolerance, Resistance, Avoidance, Diversi-
fication, Transformation, and Mutualism (Tittonell et
al. 2020). We expanded on the concepts and defined
them as follows:

e Tolerance strategies: Allow survival in an ac-
ceptable manner without reacting to adverse
conditions.

e Resistance strategies: Enable active reduction
or defence against adverse conditions without
modifying structural or functional characteris-
tics. Involves structures or technologies to re-
duce losses or enhance efficiency in confronting
adverse situations.

e Avoidance strategies: Prevent or minimize expo-
sure to stress factors by avoiding risky situations.
This is achieved through specific behaviours or
livelihood arrangements to optimize adaptation
to the environment without investing resources
in resisting or tolerating losses. Involves avoid-
ing a risky situation to prevent harmful conse-
quences.

e Diversification strategies: Reduce risk or mit-
igate the negative impact of an adverse event
in a particular area by increasing the system’s
stability through resource or activity diversifi-
cation. Increases the likelihood that at least
one area/activity/resource can thrive in chang-
ing conditions or unpredictable environments.

e Transformation strategies: Involve a significant
change in the structure or functioning of the sys-
tem, directed towards long-term adaptation.

e Mutualism strategies: Contribute to acquiring
resources, assistance, care, and mutual well-
being in the face of stressful conditions through
reciprocal associations.

We assigned a score to each functional response
according to its relationship with the six predefined
adaptation strategies (Tolerance, Resistance, Avoid-
ance, Diversification, Transformation and Mutualism),
which allowed us to assess which strategies dominated
in each functional archetype (see methodological de-
tails in the Section 2 of the Supplementary Material).
Using this information, we looked for patterns among
structural characteristics, functional responses, and
adaptation strategies. We then interpreted these pat-
terns by integrating the archetype results, the strategy
scores, and the class of social network strategy.

RESULTS

Household categorization through struc-
tural attributes

Four archetypal household types were identified
through the analysis based solely on structural vari-
ables (Figure 3 and Table 1). The variables that pre-
dominantly influenced the classification were house-
hold composition, herds, connectivity and accessi-
bility, income and field characteristics. ~The four
archetypes identified were:

Structural Archetype 1. Connected multigenera-
tional pastoral households (1.CM): was characterized
by multi-generational households with the presence of
women. These households typically had high connec-
tivity and accessibility, and water availability. They
reside in rural areas, possessed relatively large herds,
fully fenced perimeters, and internal paddock subdivi-
sions. They have stable income sources, such as pen-
sions.

Structural Archetype 2. Extensive pastoral house-
holds with dual residence (2.ED): corresponded to
household units without young members under 18
years old, with relatively large herds and extensive
livestock sales. These households had extensive land
areas without property deeds and usually have a sec-
ond residence.

Structural Archetype 3. Aging isolated pastoral
households (3.AI): corresponded to household units
composed only of adults over 60 years old, who lived
isolated on their land without a second residence.
These households generally did not have agricultural
income beyond extensive livestock activities and had
small, well-fenced land areas.
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Figure 3. Diagram with archetypes of structural characteristics: 1. Connected multi-generational pastoral
households (1.CM); 2. Extensive pastoral households with dual residence (2.ED); 3. Aging isolated pastoral
households (3.AI); 4. Diversified female-led pastoral households (4.DF). The symbols representing each type
of household unit explicitly indicate the presence of that characteristic or its absence if marked with a cross.
The characteristics that proved descriptive in different types were the presence of water, extensive livestock,
connectivity, accessibility, women, children and adolescents, property title, fencing, second residence, and types
of financial economic incomes. The absence of a symbol regarding a particular characteristic indicates that such

a feature does not define the archetype.




Table 1. Description of the Structural Archetypes of households based on their structural variables.

Connectivity Field
Household Income
Archetype Herd and and
composition characteristics
accessibility residence characteristics

Connected With children or young >411 SLU in 2011 High connectivity and ac- With pension. Without water shortages
multi- people under 18 years old pre-ashfall and in cessibility: own telephone for consumption or with a
generational  between 2011 and 2019, 2019. and signal within the reservoir, 100% perimeter
pastoral with individuals aged 18 home or up to 1 km fenced. Without a second
households to 60 residing perma- around; distance to school residence.
(1.CM). nently, and with adult less than 5 km (1 hour

women residing perma- walking), permanent road

nently in 2019. access and own vehicle.
Extensive Without children or young >411 SLU in 2011 Economic income from Large land area (>1000
pastoral people under 18 years old pre-ashfall and in extensive livestock: ha), without property ti-
households between 2011 and 2019, 2019. With equines products and animals tle deeds. With a second
with dual and without individuals for trade and con- (wool/hair, meat, and residence.
residence younger than 60 residing sumption. animals).
(2.ED). permanently in 2019.
Aging Without children or young Without equines. Low connectivity and ac- None of ‘other’ agricul- Small land area (<100
isolated people under 18 years old cessibility: no own tele- tural income. ha), 100%  perimeter
pastoral between 2011 and 2019, phone; distance to school fenced. Without a second
households with individuals aged 18 equal to or greater than residence.
(3.AI). to 60 residing perma- 5 km, temporary road ac-

nently in 2019. cess, no own vehicle.
Diversified Without children or young 0 SLU in 2011 and High accessibility:  dis- High diversity (more than Small land area (<100
female- people under 18 years old in 2019. tance to school less than 5 3 types) of ‘other’ agricul- ha), 0% perimeter fenced,
led rural between 2011 and 2019 km (1 hour walking), per- tural income such as fruits without property title
households and with adult women manent road access and and vegetables and/or deeds.
(4.DF). residing permanently in own vehicle. processed goods; weaving

2019.

or textiles; pigs; local
eggs; layers and broilers;
turkeys and ducks; seeds.
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Structural Archetype 4. Diversified female-led ru-
ral households (4.DF): did not include children or
young adults under 18, but they had adult women re-
siding permanently. These households were character-
ized by a diverse range of agricultural income sources
— different from livestock in 2019 — and typically had
small land areas without fencing or property deeds,
yet they enjoyed high accessibility.

Household categorization through func-
tional responses

From the analysis carried out with functional vari-
ables, we identified four archetypes of functional re-
sponses to the combined impacts of droughts and vol-
canic ashfall over the considered period (Figure 1).
The interpretation of each archetype based on their
descriptive variables (c¢f. “Construction of the typol-
ogy” section and Additional File 5) and the analysis of
actors’ narrative responses during interviews allowed
us to assign four response descriptors, namely Antic-
ipatory, Reactive, Conservative, and Passive (Figure
4).

The Anticipatory archetypal responses were ob-
served among households that continued some of the
management activities they were carrying out before
the ashfall, such as selective herding based on their
knowledge on rangeland heterogeneity, animal supple-
mentation and forage production. Additionally, they
increased agricultural production in their vegetable
garden, diversified farm animals, and increased the ra-
tio of on-farm to off-farm income over time. These re-
sponses were considered anticipatory as they reflected
preventive Diversification strategies (ex post) as de-
scribed by (Acosta et al. 2021). These households re-
duced the consumption of their own livestock after the
ashfall, experienced outmigration of household mem-
bers, activated social networks, and did not engage in
tourism (neither before nor after the ashfall).

The Reactive archetypal responses did not antic-
ipate but implemented measures to address the situ-
ation after the ashfall (ex post). They increased the
cultivated area and biodiversity of their vegetable gar-
dens, began supplementing animals and producing for-
age, activated formal social networks, and diversified
their livelihoods by investing in or engaging in tourism,
in detriment of herding activities. They temporarily
diversified farm animals but decreased the consump-
tion of their own livestock. There was no migration.

The Conservative archetypal responses were char-
acterized by continued consumption of self-produced
livestock, traditional herding praxis and animal sup-
plementation as before the ashfall. These households
remained in the rural area (without outmigration) and
continued not to invest or engage in tourism. In
other words, households with conservative responses

attempted to maintain the status quo of their socio-
ecosystems throughout the environmental crisis.

The Passive archetypal responses were exhibited by
households that decreased their consumption of self-
produced livestock, reduced on-farm income relative
to off-farm income (mostly in the form of retirement
pensions), consequently reducing their herding effort,
and experienced temporary outmigration from rural
to urban areas. These households did not diversify
their farm animals and did not invest in or engage in
tourism.

Convergence between functional and
structural household archetypes

When comparing the archetypoids of functional
responses with those based on structural character-
istics, we found that functional responses were not
strongly associated with the structural characteristics
of households in a direct manner. However, we ob-
served some convergence (Additional File 6): Antic-
ipatory functional response archetypoids (n=4) were
associated with structural archetype “1. Connected
multi-generational pastoral households” (one archety-
poid and two cases associated by more than 50%);
Reactive functional response archetypoid (n=1) was
more closely associated with structural archetype “4.
Diversified female-led rural households”; Conservative
functional response archetypoids (n=3) were associ-
ated by more than 50% with structural archetypes “1.
Connected multi-generational pastoral households”, “3.
Aging isolated pastoral households” and “2. Exten-
sive pastoral households with dual residence”; Passive
functional response archetypoids (n=3) were associ-
ated with structural archetypes “3. Aging isolated pas-
toral households” and “2. Extensive pastoral house-
holds with dual residence” (Figure 5).

Livelihood-based adaptation strategies

We found different associations between functional
response archetypes and the postulated adaptation
strategies, i.e., Tolerance, Resistance, Avoidance, Di-
versification and Transformation. While two of the
functional response archetypes (Passive and Conser-
vative) were predominantly associated with a single
adaptation strategy, the other two (Anticipatory and
Reactive) were associated with all, with emphasis on
the remaining three strategies (¢f. Figure 6).

The Passive functional response archetype was pri-
marily associated with Tolerance (Figure 6). As de-
fined earlier, Tolerance strategies allow households to
endure adverse conditions in an acceptable manner
without actively modifying their practices. In this
case, Tolerance was expressed through reliance on ex-
ternal economic incomes, not initiating new activities
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Figure 4. Types of archetypal functional responses in relation to the actions indicated in the columns: veg-
etable garden (cultivated area); consumption of self-produced livestock; (diversification of) farm animals as pigs,
chicken, and laying hens; supplementary feeding (of extensive livestock); fodder production; activate formal so-
cial networks; farm to off-farm (economic) income ratio; individuals who remained (in their household) of rural
area (without temporary or permanent migration); invests in or engages in tourism. The shapes of the symbols
indicate an increase in activity (upward arrow), decrease (downward arrow), and continuity (circle). Colours
indicate permanence (black), temporality (grey), and absence (white). Rows specify the responses assigned to
each archetype.
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Figure 5. Diagrams of archetypoids of functional responses in colours (Anticipatory in dark red, Proactive in
pink, Passive in light blue, and Reactive in violet), indicating with which types of structural characteristics they
are associated (structural archetypes Connected multigenerational pastoral households (1.CM); extensive pas-
toral households with dual residence (2.ED); Aging isolated pastoral households (3.AI); Diversified female-led
rural households (4.DF).

(whether agricultural or non-agricultural) after the volcanic ashfall, and reducing the self-consumption of
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ruminant livestock. The Conservative functional re-
sponse archetype was mainly associated with Resis-
tance strategies which, as defined above, involve ac-
tive efforts to reduce losses or defend ongoing activ-
ities without altering structural or functional charac-
teristics. This response was characterized by maintain-
ing ongoing activities without incorporating new ones.
Both Passive and Conservative did not exhibit Trans-
formation strategies and scored very low in Diversifi-
cation and Avoidance (Figure 6; Additional File 7).

Regarding the Anticipatory and Reactive func-
tional response archetypes, both scored points in all
five strategies although with different emphases. The
Anticipatory response was more associated with Diver-
sification, Resistance and Avoidance (Figure 6, dark
red line). In line with our definitions, diversification
strategies reduce risk by expanding the range of activ-
ities and resources, while Resistance involves active ef-
forts to buffer losses without altering the system’s core
structure, and Avoidance minimizes exposure to stres-
sors through behavioural or livelihood adjustments.
This response undertook immediate and long-term
actions, maintained agricultural production, incorpo-
rated farm animals, and saw some household members
migrate as a way to reduce exposure to risk while sus-
taining the household system. The Reactive response
was more associated with Diversification, Avoidance,
and Transformation (Figure 6, purple line). Here, Di-
versification and Avoidance were expressed through
the reorientation of livelihoods while Transformation
entailed more substantial changes in the structure and
functioning of the household. This response involved
immediate actions and developed a strong connection
with tourism through steady employment or invest-
ments, reflecting a shift away from pastoralism toward
alternative livelihood configurations.

When the volcanic ashfall took place in 2011, 70%
of the households were primarily herders relying on
rangeland biodiversity but exhibited mixed income
sources, combining on-farm and off-farm incomes; 15%
of them depended exclusively on external income; the
remaining 15% relied completely on their own produc-
tion and ecological capital. In the subsequent years,
the latter had to resort to mixed sources of income,
combining their own production with employment or a
pension. Examining livestock performance — in terms
of percentage of SLU — across the functional archety-
poid, we found that all types were significantly im-
pacted by the volcanic ashfall, but there was variability
in their recovery eight years later as shown in Figure
7. The Anticipatory and Conservative types exhibited
lower sensitivity to the disturbance and showed greater
recovery related to pre-ashfall livestock numbers, but
with differences: conservative households (with their
economy based on off-farm income) almost maintained
their pre-ashfall livestock levels, whereas Anticipatory

households displayed a wide range of outcomes (from
reductions of up to 60% to nearly doubling their pre-
ashfall herd size). In contrast, the Passive and Re-
active types exhibited lower recovery after the distur-
bances of ashfall and droughts.

Social networks

Participation in social networks is reported here
in terms of whether households activated formal and/
or informal ties during the ashfall (independently of
when these links were originally formed). Out of
the 33 households interviewed, 22 mentioned activat-
ing some type of formal social organization (one or
more) associated with institutions such as indigenous
communities (24%), cooperatives (36%), farmer fairs
(39%), handicraft markets (12%) and religious orga-
nizations (22%). Besides, 30 households (including
the 22 mentioned above) activated informal networks
through family and relatives (70%), and neighbours
(61%). Only three households (0.09%) expressed not
having activated any social networks.

The Anticipatory and Reactive functional
archetypes activated both formal and informal net-
works (and were associated with structural archetypes
1.CM and 4.DF, respectively). The Conservative func-
tional archetype only activated informal networks (as-
sociated with structural archetypes 1.CM, 2.ED and
3.AI), while the Passive functional archetype either
activated informal networks or none (and associated
with the structural archetype 2.ED).

DISCUSSION

We assessed the relationship between pastoral
household characteristics and functional responses in
the face of socio-environmental disturbances, shaped
by their kosmos-corpus-prazis (Toledo and Barrera-
Bassols 2008), and enabled by contextual factors and
social organization in Northern Patagonia. All the
households interviewed were those that remained in
the territory between 2011 and 2019 despite the ad-
versities imposed by a volcanic ashfall and recurrent
droughts in the last decade. This evidence suggests
that they mobilised different mechanisms of livelihood
resilience and adaptability that we aimed at describing
and categorising as adaptation strategies. We iden-
tified four archetypes of pastoral households from a
structural point of view and four archetypes of func-
tional responses, which influenced their herding prac-
tices and livelihood activities. We then highlighted
the relationship between these response patterns and
six types of predefined adaptive strategies that were
hypothesised: Tolerance, Resistance, Avoidance, Di-
versification, Transformation and Mutualism. Beyond
the specific case of Northern Patagonia, the approach
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Figure 6. Types of adaptation strategies: Tolerance, Resistance, Avoidance, Diversification, and Transfor-
mation (vertices of the pentagon) on a scale from 0 to 1. Types of functional responses: Anticipatory (dark
red line), Reactive (violet), Conservative (pink), and Passive (light blue). A grey background indicates the
threshold (0.5) where we begin to consider the response as associated with the archetype of functional response.
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Figure 7. Changes over time in the quantity of SLU (Sheep Livestock Units) among archetypal households as-
sociated with the described functional archetypes (Anticipatory, Passive, Conservative, and Reactive). The solid
black bars represent the impact of the 2011 ashfall on SLU at the farm level, comparing pre- and post-ashfall
values. The hollow bars represent changes comparing pre-ashfall values with values from 2019.

adopted here offers a methodological contribution for  derpins resilience and adaptability studies (e.g., Ladio
ethnobiological research by providing a way to identify =~ 2017 and Tittonell 2014, respectively). In the following
and compare patterns of household responses (prazis) paragraphs we analyse our findings in the light of the
to environmental shocks in a situated way considering -  existing literature on ethnobiology and the resilience
indirectly- people knowledge and desires. As such, this  of complex adaptive systems.

study is proposed as a bridge between ethnobiological

theory and the socio-ecological system theory that un-
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Household responses and adaptation
strategies

Livestock dynamics, a key indicator for the dynam-
ics of livelihoods used in pastoralism studies (e.g., En-
gler et al. 2021), showed variability across the func-
tional archetypes identified here. The differences in
the rate of recovery in livestock numbers after the
ashfall shown in Figure 7 suggest that functional re-
sponses characterized by Anticipatory or Conservative
strategies may buffer long-term impacts more effec-
tively than Passive or Reactive strategies. The per-
sistence of households with Conservative responses —
who maintain their herd size despite environmental
pressure — reflects a worldview where livestock are
not merely economic assets but biocultural heritage
(Reising and Ladio 2025). As observed in studies on
traditional livestock such as the Linca sheep (Reising
et al. 2022), the maintenance of animals is intrinsically
linked to the ‘criancero’ (local farmer identity) and the
preservation of local ecological knowledge. Losing the
herd implies a loss of cultural function and prestige
within the community. Thus, the Resistance strat-
egy is associated by a kosmos that prioritizes territo-
rial permanence and cultural continuity over economic
maximization.

Similarly, Passive responses, often associated with
elderly residents, may be underpinned by a deep at-
tachment to place (topophilia), where the psychologi-
cal cost of migration outweighs the risks of remaining
in a precarious productive state (Zubizarreta 2015).
In this sense, the decision to stay cannot be inter-
preted solely through economic rationality, a liveli-
hood strategy pattern that has been earlier described
as ‘hanging-in’ (Dorward et al. 2009). Livestock, par-
ticularly sheep, may function as identity-bearing ele-
ments rather than merely productive assets, embody-
ing personal histories, family trajectories and a sense
of continuity with past generations. Such meanings,
documented in previous pastoral ethnobiological stud-
ies (Reising et al. 2022; Reising and Ladio 2025), help
explain why some households persist despite declining
economic returns, framing persistence as a culturally
grounded choice rather than a passive failure to adapt.

At the same time, while some households maintain
livestock as a culturally meaningful anchor of identity
and continuity, others reconfigure their livelihoods by
combining or replacing pastoral activities with alter-
native sources of income. These divergent trajectories
should therefore be understood not as simple grada-
tions of resilience, but as distinct adaptive pathways
emerging from different configurations of kosmos, cor-
pus and praxis. Because of that, livestock alone is
not a sufficient indicator to fully explain resilience.
In other words, a decrease in livestock numbers may
not necessarily indicate lower resilience but rather a

shift away from pastoralism, as seen in other pastoral
regions (e.g., Dossouhoui et al. 2025; Lecegui et al.
2022).

Tolerance strategies with passive responses may
arise from not crossing a threshold of need or not hav-
ing the desire to act. For example, single adults living
alone, without dependents, who could have sustained
some agricultural production, may not have perceived
the need or motivation to respond actively, choosing to
remain living in the area in a frugal manner. In other
cases, fear, uncertainty, sadness, tiredness, or frustra-
tion may paralyze individuals from acting on their de-
sires, leading them to resign themselves to endure (and
eventually even abandon (Vazquez 2012)). In the work
of Wilson et al. (2013), where they reported on the
impacts of the Puyehue Cordén-Caulle volcanic erup-
tion, they recorded psychological stress, anxiety, and
depression associated with uncertainty and destabiliz-
ing economic effects.

From an ethnobiological perspective, the associa-
tion between Diversified female-led households (4.DF)
and ‘Reactive’ responses (Figure 5) —characterized by
diversification and tourism— is not coincidental but
rooted in the gendered division of labour and knowl-
edge (corpus) (Ladio 2020). In Patagonian pastoral-
ism, while men have traditionally focused on extensive
livestock, women have acted as guardians of agrobio-
diversity and multipurpose, managing home gardens,
poultry, and textile crafts (Eyssartier et al. 2011).
This accumulated female knowledge provides a reser-
voir of functional plasticity that becomes critical dur-
ing crises. As noted by Reising et al. (2022) regarding
Linca sheep, women are often the ones who preserve
unique genetic resources and cultural practices (e.g.,
spinning, weaving) that allow for economic diversifica-
tion when the main productive system fails. Laborda
et al. (2024) documented more resilient responses of
pastoral households in which decisions were made to-
gether by men and women, particularly when the land
was inherited from the woman’s family. Therefore,
the ‘Reactive’ capacity observed in these households
can be interpreted as the mobilization of a diversified
corpus that was previously invisible or undervalued
in purely productive analyses, highlighting the role of
women not just as domestic caretakers but as active
agents of biocultural resilience. Besides, the struc-
tural characteristics of this household type were not
robust enough to adopt Resistance or Tolerance strate-
gies (e.g., the smaller fields, no land title deeds, no
fencing).

Finally, the ‘Anticipatory’ and ‘Reactive’
archetypes illustrate the plasticity of the corpus.
These households demonstrate a hybridization of
knowledge (Ladio and Albuquerque, 2014) integrat-
ing traditional pastoral practices with novel activities
like tourism or new foraging strategies. This ability
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to update the corpus without abandoning the kosmos
(the rural lifestyle) is a key indicator of resilience and
it is mediated by cultural transmission processes (Bar-
rera Bassols and Toledo 2005; Eyssartier et al. 2008).
It suggests that successful adaptation in Northern
Patagonia involves a dynamic negotiation between
tradition and modernity, rather than a replacement of
one by the other.

Beyond the diversity of household responses, these
dynamics must also be understood within broader re-
gional processes. These households undergo a deep re-
configuration of their corpus and prazis shifting, from
pure pastoralism to pluriactivity (e.g., tourism, spe-
cialized crafts, alternative livestock) precisely to main-
tain their kosmos: the connection to the land, family
and ways of life. As suggested by Folke et al. (2010),
this ability to transform at a smaller scale (the eco-
nomic activities) is what may allow the system to per-
sist at a larger scale (the biocultural landscape). How-
ever, since the 1960s, the region has experienced struc-
tural processes of rural-to-urban migration (Bendini
and Steimbreger 2013) and a decline in sheep farming
(Coronato 2010), a trend that was accentuated during
the volcanic ashfall. For some households, the envi-
ronmental crisis acted as a tipping point leading to
permanent outmigration (Vazquez 2012), illustrating
the complexity of the process: when transformation
is forced by external pressures and exceeds a certain
threshold, it may lead to the loss of the rural system
rather than its adaptation. In this context, household
persistence should be understood alongside broader
processes of transformation and abandonment of ru-
ral livelihoods.

Structural-functional interactions and

system resilience

The evidence collected through this study did not
fully support the existence of strong links between
household structural characteristics and functional re-
sponses. However, the structural characteristics of a
household did condition which responses and strate-
gies were enabled, allowing people to choose whether
to carry them out. For instance, structural character-
istics such as limited connectivity (transport, commu-
nication) could hinder the adoption of strategies like
Diversification, Transformation and Avoidance; but on
the other hand, not all the household that were well
connected necessarily engaged these strategies. The
structural characteristics of a system can function as
enablers or constraints for certain functional responses
and adaptive strategies. Yet, when these characteris-
tics are not limiting, and responses or strategies are en-
abled, their implementation still depends on individual
household desires and agency. As Lade et al. (2020)
pointed out, household agency depends on structural

limitations (financial, natural, productive, human, or
social capital) and the opportunities they face, as well
as their knowledge and motivation, shaping their tem-
poral trajectories.

Agency among pastoral households can be also
largely explained by perceptions, preferences, and re-
sources (e.g., Solano-Hernandez et al. 2020) and
shaped by values and belief systems (Toledo and
Barrera-Bassols 2008). Resilience studies have been
criticized for failing to adequately address the role of
actors and the factors that limit their agency (Lade
et al. 2020). Hence, the absence of a direct relation-
ship between structure and function in our findings
can be further proof that actors and agency are the
key elements of resilience. Structural characteristics
(capitals) either enable or constrain agency, while in-
dividuals’ perceptions, local values and belief systems
play a significant role in shaping outcomes.

Structural typologies are commonly employed to
assess the resilience of rural households to distur-
bances and socio-environmental change, with system
functions often inferred from these structures (e.g.,
Davidson et al. 2016; Galluzzo 2020; Laurien et al.
2020). However, our findings highlight the impor-
tance of considering the functional characteristics of
household systems and the individual and community
agency. Functional household typologies were earlier
described as ‘farming styles’ by van der Ploeg (1994),
focusing on how farmers behaved and made production
decisions, which were enabled or constrained by their
structural characteristics, although not necessarily in
response to natural disasters. Others, such as Vanclay
et al. (2006), described functional responses to envi-
ronmental hazards based on community agency. Other
approaches include the socio-ecological resilience, as
described by Walker et al. (2009) and Folke et al.
(2016), which are similarly based on the influence of
structure on function. In practice, however, this ap-
proach has been difficult to apply, with most contribu-
tions from this school of thought remaining theoretical,
despite the existence of some assessment frameworks
based on them (e.g., Meuwissen et al. 2019).

Off-farm income, gender and collective
action

Access to off- and non-farm income, gender of
the decision maker(s) and collective action shaped
functional responses and were three key enablers of
adaptation strategies. We found that none of the
pastoral households analysed were financially self-
sufficient through their main livestock production in
2019. Off-farm incomes can mitigate the impact of dis-
turbances that directly affect natural, production, and
economic capital. Previous studies in the region have
shown how income diversification helped mitigate the
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impact of drought on rural households (Easdale and
Rosso 2010). Livelihood strategies based on off-farm
incomes have been widely documented globally (e.g.,
Valbuena et al. 2015 in Kenya; Hauswirth et al. 2015
in Vietnam; Alvarez et al. 2018 in Zambia; Teixeira et
al. 2018 in Brazil; Novotny et al. 2021 in Mexico), al-
though there are fewer studies evaluating the buffering
effect of these strategies in practice.

The main sources of off-farm income among
the households studied were employment and sta-
ble income sources provided through social protection
schemes (including contributory and non-contributory
pensions). These alternative incomes functioned as a
subsidy during this environmental and productive cri-
sis, even though they were not specifically designed for
it. They ensured a monthly economic income that —
when it did not involve time-consuming employment
— allowed households to remain on their land and con-
tinue to care for people, crops, and animals that sur-
vived the disturbance, sustaining both productive and
reproductive activities. Other studies in Patagonia,
such as Bendini and Steimbreger (2013), also mention
that off-farm incomes favour the permanence of people
in the territory, yet they warn that it can also stimu-
late processes of de-peasantization. In the context of
our study region, alternative off-farm incomes —from
special protection schemes— cannot be considered as
a household-level adaptation strategy but rather as a
structural component of the household’s life strategy,
pre-dating the environmental disturbance. Off-farm
income from pensions or subsidies may also be strat-
egy to foster adaptation when deployed by national or
regional governments, as public policies or contingency
programs.

The presence of women in the household was an-
other characteristic associated with the adaptation
strategies of Diversification, Avoidance, Transforma-
tion and Formal social networks. This is in line
with previous studies on emerging production activ-
ities in Northern Patagonia (Laborda et al. 2024).
More broadly, gender and intra-household diversity
(Laborda et al. 2024 and Michalscheck et al. 2018
respectively) have been shown to play major roles in
rural household resilience by shaping decision-making
processes. Four years after the volcanic ashfall, Nunez
and Conti (2015) described women’s organizations as
agents of change, as women constituted up to 90%
of the newly created production associations, high-
lighting the limited presence of men in these groups.
In Northern Patagonia, where male rural employment
(such as shearer or farm labourer) is more common
than female employment, this may have led women
to self-employment, performing multiple tasks in their
households, and forming associations as a persistence
strategy. It is important to note that these processes
can lead to an overload of work for women, a burden

that often goes unrecognized within the local commu-
nity (Ladio 2024).

Diversification, Avoidance, and Transformation are
strategies that represent a certain buffering effect
against environmental hazards, and these can be facil-
itated by engaging in formal social networks. For ex-
ample, the legal establishment of registered Mapuche
indigenous community associations and cooperatives
can channel collective actions and attract funds from
the state or non-governmental organizations. Formal
social networks are likely to enable and enhance re-
sponses associated with new productions (laying hens,
balanced feed) or rural tourism. According to previ-
ous studies in the region, the association of individuals
can serve as a channel for the exchange of information
and technological innovations, promote technical as-
sistance, and allow access to better selling prices and
financing the collective purchase of inputs (Hara et al.
2022).

The activation of these networks should be un-
derstood as the mobilization of biocultural memory
(Toledo and Barrera-Bassols 2008). The ‘association-
ism’ observed during the crisis was not created ez ni-
hilo but relied on pre-existing structures of reciprocity
and exchange, including cooperatives (e.g., Coopera~
tiva Agricola Ganadera Pichi Cullin Ltda.), fair mar-
kets (e.g., Feria Franca Agricultores Bariloche and
Mercado de la Estepa Quimey Piuke), religious in-
stitutions (as Céritas), Indigenous communities (e.g.,
Wefu Wechu) and kinship-based support networks (see
Longo-Blasoén et al. 2024; Laborda et al. 2024; Conti
and Sanchez 2020). As Longo Blason et al. (2024)
showed, these spaces function as reservoirs of resilience
where knowledge, seeds, yarn and social support cir-
culate. The volcanic eruption acted as a trigger that
transformed latent social capital into active ‘Mutual-
ism’. Households with Anticipatory and Reactive re-
sponses were successful largely because they could tap
into this accumulated collective memory, translating
social interactions into adaptive prawis.

In this context, the activation of social networks
observed in our study can be interpreted not only as an
immediate response to environmental disturbance but
also as the mobilization of previously accumulated re-
lational experience and organizational trajectories be-
ing specially remarkable the presence of informal social
networks among most households. These findings res-
onate with ethnobiological and social-ecological per-
spectives that emphasize the role of cultural values,
place attachment, and biocultural memory in shaping
adaptive responses (Berkes et al. 2000; Maffi 2005).
From this perspective, household decisions facing dif-
ferent crisis reflect culturally embedded logics rather
than purely economic optimization.
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Archetypes analysis in ethnobiological
studies

In this study, archetype analysis was employed not
merely as a statistical reduction tool, but as a heuris-
tic device to bridge quantitative structural data with
qualitative ethnographic insights (Reising et al. 2022).
Unlike rigid clustering methods that assign households
to mutually exclusive groups, archetype analysis iden-
tifies ‘extreme’ or ‘pure’ patterns (archetypes) and al-
lows each household to be represented as a mixture
of these patterns. From an ethnobiological perspec-
tive, this approach is particularly valuable for captur-
ing the fluidity of local ecological knowledge and as-
sociated management strategies. It acknowledges that
rural households often deploy hybrid strategies —com-
bining traditional pastoralism with modern diversi-
fication— rather than fitting into static categories.
By quantifying the ‘degree of membership’ to each
archetype, we can operationalize the complexity of the
kosmos-corpus-prazis concept (Toledo and Barrera-
Bassols 2008), revealing how structural assets (e.g.,
land, livestock) constrain or enable specific functional
responses (prazis) rooted in cultural logics. Thus,
archetype analysis serves as a methodological innova-
tion in ethnobiology by preserving the internal diver-
sity of the community and making visible the ‘grey
areas’ of adaptation that standard typologies often ob-
scure.

CONCLUSION

Various responses were observed among pastoral
households in Northern Patagonia reflecting different
types and degrees of resilience in the face of environ-
mental disturbances, in this case a volcanic ashfall
and recurrent droughts. Households were heteroge-
neous in terms of structural characteristics, functional
responses, and adaptation strategies implemented to
face these environmental hazards. These strategies
can be seen as adaptations of their prazis, embedded
within their kosmos. After all, ashfalls and droughts
are not a novelty in these territories; they have shaped
the evolving corpus of these communities. It was not
our goal to evaluate which adaptation strategy was
more resilient but to describe and understand the key
mechanisms behind these strategies.

Our results show that household structure plays
an enabling role by shaping the range of possible func-
tional responses, but it does not directly determine
them. Instead, adaptive practices (prazis) ultimately
emerge from the interaction between the structure and
the household’s knowledge systems and values (corpus
and kosmos) expressed thought individual and collec-
tive agency. These results contribute to ethnobiologi-
cal theory by showing that adaptation to environmen-

tal disturbances emerges from the dynamic interaction
between knowledge, social relations, and agency, align-
ing with the approach that emphasize kosmos-corpus-
praxis.

Although responses and strategies differed across
household types, the activation of social networks
(many of them pre-existing) was a common denomi-
nator to most of them and seems to be a key mech-
anism enabling adaptation. The few cases in which
social networks were absent, where associated with
a specific structural configuration (Extensive house-
holds with dual residence). From a policy perspective,
interventions aimed at sustaining rural livelihoods in
arid environments may be more effective when they fo-
cus on ensuring minimum enabling conditions —such
as access to health, education, connectivity, and sta-
ble income sources— while recognizing the differen-
tiated capacities of households to mobilize adaptive
responses. This can stimulate to carry conservative
strategies while anticipate to future crisis. However,
If the goal is to maintain the people on the land (in a
dignified way) and avoid the de-peasantization, public
policies could have more impact if focused on house-
holds with “passive” type of responses.

Although pastoral households in Northern Patag-
onia exhibited resilience and adaptability over their
history, policies and interventions to enhance the sus-
tainability and resilience of rural livelihoods should
consider the diversity of structural-functional house-
hold configuration —as the identified here—, priori-
tizing aid schemes for households exhibiting passive
responses while enhancing the response opportunities
and adaptive potential of those already able to mobi-
lize conservative, anticipatory and reactive strategies.
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Additional Files

Add File 1. Functional response variables (A-M) and structural characteristics (N-AE) with their respective classes and numeric coding by class. SLU =

Sheep Livestock Unit, to compare between different livestock species.

Functional Response A. Sale of livestock (sheep, goats, cattle): immediately
variables post-ash

0. They did not sell

1. They sold at least some of the livestock

B. Livestock consumption (sheep, goats, cattle): immedi-
ately post-ash to present

0. They did not stop consuming

1. They stopped consuming to some extent

C. ‘Immediate’ incorporation of other animals for consump-
tion and/or sale (T2)

0. No

1. Yes (poultry/pig)

D. Diversification of farm animals (poultry/pigs) (T3)

0. They did not diversify (no farm animals or kept
what they had before)

1. They diversified (incorporated new types of farm
animals)

E. Extensive livestock foraging

0. They started foraging (at least for a while)
1. They continued foraging

F. Forage production

0. They have not produced or stopped producing
with the ashfall

1. They started producing after the ashfall

2. They continued to produce forage

G. Vegetable garden after ashfall to the present

0. No vegetable garden in the period or they aban-
doned it

1. They maintained/enhanced the garden (they did
it before the ash and in 2018 they continued)
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H. Networks that were activated: family (family help), so-
cial (neighbors), institutional (indigenous community, co-
operative, fairs, markets, state institutions)

0. None or informal (family, neighbors)

1. Institutional (and informal)

I. Economic support of the system during the disturbance
and thereafter

0. Relied on extra-farm income (employ-
ment/pension)

1. Field production was maintained or enhanced

J. Degrees of livestock intensification: % of cattle in the
herd (sheep, goats, cattle) compared between before the
ashfall and 2018/2019

0. Less intensification and/or reduction of livestock
depopulation

1. Maintenance (the proportion of cattle in the live-
stock was maintained)

2. Intensification (the proportion of cattle in the
livestock increased)

k. People who make up the household

0. Field alone or with a position holder in some pe-
riod 2011-2019

1. One permanent person in the field and no one
else, neither temporary nor sporadic

2. One permanent person and other temporary
and/or sporadic person(s)

3. More than one permanent person

L. Did anyone migrate from the countryside between 2011 0. No
and 20197
1. Yes
M. Link with tourism 0. None
1. ‘Opportunistic’ sale of products, odd job
2. With investments (accommodation, camping) or

permanent employment

Structural characteris-
tic variables

N. Pre-ashfall total SLU (sheep, goats, cattle)

0. 0 SLU

1. <54 SLU
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O. Post-ashfall total SLU (sheep, goats, cattle)

. <105 SLU

. <184 SLU

. <411 SLU

. >= 411 SLU
. 0SLU

. <54 SLU

. <105 SLU

. <184 SLU

. <411 SLU

>= 411 SLU

P. Current total SLU (sheep, goats, cattle)

. 0SLU

. <54 SLU

. <105 SLU

. <184 SLU

. <411 SLU

. >=411 SLU

Q. Extensive livestock economic income

2
3
4
5
0
1
2
3
4
5.
0
1
2
3
4
5)
0
1
2

. None

. Products (wool/ fibers)

Products and animals (wool/ fibers and meat,

resale of animals)

R. Diversity of types of agricultural income: F&V and/or 0. None
processed; spinning or weaving; pigs; creole eggs; grill lay-
ers; turkeys; ducks; seeds
1. One type
2. Two types
3. Three types of products or more
S. Spatial home 0. Home = farm
1. Home = farm and urban house
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T. Drinking water

0. Without water for permanent consumption or in
times of drought

1. Without water shortage or with reservoir

U. Type of wetlands

0. Without, or dry, or small (<0.5ha)

1. Yes/important

V. Physical accessibility of the field (proximity / condition
of the road / own vehicle)

0. Low: distance to school equal or greater than 5km
walking, the path is temporary, without own vehicle

1. Medium low: 2 characteristics ‘high’ + 1 ‘low’
2. Medium high: 2 characteristics ‘low” 4+ 1 ‘high’

3. High: distance to school less than 5 km (1 hour
walking), permanent road, with own vehicle

W. Connectivity of people in the field. (Telephony/signal)

0. Low: without own phone
1. Medium: own phone and signal farther than 1km

2. High: own telephone and signal in the house or
max. 1lkm around the house.

X. Field surface 0. Small (<100ha)
1. Medium small (100; <500ha)
2. Medium large (500; <1000)
3. Large (=>1000ha)

Y. Perimeter fence 0. Without
1. Incomplete
2. Complete

Z. Household with any retirement/pension from 2011 to 0. No

20197
1. Yes

AA. Horses at T1: presence and type of use 0. No horses

1. One to seven horses, not used for exchange or
consumption (may be work and transport horses)

TI:GT AIOSUOD [OIqouyyH

RIUOSRIR UISY}ION

ul [[ejyse oIued[oA pue JySnoip o} sproyesnoy [erosed jo soiSojerss uoryejdepe pue sesuodsor [euordUN ‘9g0g ‘1P 12 epIoqer]



9¢

2. Eight or more horses, not used for exchange or
consumption (may be work and transport horses)

3. They use the horses for exchange and/or con-
sumption (there were six or more horses in T1)

0. Household with no young children since before
2011

AB. Household members under 18 years old?

1. Household with young children during 2011

2. Household with young children during 2011
and/or 2019

AC. Are there people between 18 and 60 years old in the 0. No
household permanently?

AD. Household with adult woman in 20197

AE. Title deeds

-~ olm ofr
=
w0

Section 1. Archetype Methodology Section

1.1. Selection of the number of archetypes

We performed the archetype analysis on both data matrices (database Laborda 2025), processing each of them in the same way. The number of archetypes
was determined using the corrected Akaike Information Criterion (AICc). We initiated this procedure with a relative minimum of three archetypes (the
minimum number of points to form a plane in space) and gradually increased it until the AICc value started to rise. We selected the output with the
second-best AICc criterion (the second lowest) because it demonstrated better explanatory power of the data. The analysis was conducted by processing
the data matrices according to the algorithm developed by Chen (2014), using the py pcha module for convex hull analysis in Python (Aslak 2020).

Section 1.2. Information obtained and processing

The archetype analysis provides two types of information. On the one hand, it offers the proportion of correspondence of each household to each
archetype. On the other hand, the analysis generates a database with the values that each category of each variable take within each archetype. However,
these values are decimal numbers, whereas the classes are represented by integer values. Therefore, we use the classes with exact decimal values to select
which variables will describe each archetype (referred to as ‘descriptive variables’). Additionally, to qualify as a descriptive variable, a variable must match
the archetype-like values for the given class. For example, if for archetype ‘A’; Variable ‘1’ takes a value of 2.00, we consider it a ‘descriptive variable’ only
if all associated archetypoid values for that same variable also take the value of 2.00.

In the description of each archetype, the classes associated with each relevant descriptive variable are detailed; however, not all archetypes consider the
same variables. Therefore, if specific characteristics are not explicitly mentioned for an archetype, it indicates that the archetype does not have a particular
class assigned to that variable. For example, regarding the ‘Title deed’ variable, an archetype may: 1) ‘have property deed’ if the analysis and associated
archetypes indicate so; 2) ‘not have property deed’ if the analysis shows otherwise; or 3) make no mention of it, implying that this characteristic is not
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defining for the archetype in question. In this latter case, associated cases may or may not have a property title.

Section 2. Livelihood-based adaptation strategies methodology.

Section 2.1. Adaptation strategies scores

We assigned an individual score for each strategy relative to the classes of functional variables (responses). When a response was unrelated to a strategy
zero (0) points were assigned; when the relationship between the response and the strategy was weak or partial, one (1) point was assigned; and when the
relationship between the response and the strategy was direct, two (2) points were assigned. It is important to note that the categories are not mutually
exclusive; a single practice may involve more than one strategy. This criterion was used to encompass the complexity of the behaviors indicated in the
surveys. Although this categorization is subjective, it was created after a systematic evaluation of all responses (Additional File 2).

TI:GT AIOSUOD [OIqouyyH

RIUOSRIR UISY}ION

ul [[ejyse oIued[oA pue JySnoip o} sproyesnoy [erosed jo soiSojerss uoryejdepe pue sesuodsor [euordUN ‘9g0g ‘1P 12 epIoqer]



8¢

Add File 2. Score of adaptation strategies for functional archetypes. Types of archetypes of functional responses: Anticipatory (A), Conservative (C),
Passive (P), and Reactive (R) and the score assigned to each strategy (Tolerance, Resistance, Avoidance, Diversification and Transformation) per variable.
The cells with a dash (*-’) indicate that the variable in question was not descriptive for that archetype. In the bottom cell, the sum of the maximum score
for each archetype is shown. Then, the total score per archetype, broken down by how many points corresponded to each strategy.

Functional archetype

Functional Variable Strategy
A C P R
Tolerance 2 0 2 2
Resistance 0 2 0 0
B. Livestock consumption:
Avoidance 0 0 0 0
mmediately post-ash to present
Diversification 0 0 0 0
Transformation 0 0 0 0
Tolerance 0 1 1 0
Resistance 0 2 2 0
C. Immediate incorporation of other
Avoidance 1 0 O 1
animals for consumption and/or sale (T2)
Diversification 2 0 0 2
Transformation 1 0 0 1
Tolerance 0 1 -
Resistance 0 2 - -
D. Diversification of farm animals (poultry/pigs) (T3)  Avoidance 1 0 - -
Diversification 2 0 - -
Transformation 2 0 - -
Tolerance 1 1 - 0
Resistance 2 2 - 1
E. Extensive livestock foraging Avoidance 1 1 - 2
Diversification 0 1 - 3
Transformation 0 0 - 1

to be continued...
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Functional Variable

Strategy

Functional archetype

A

Cc P R

F. Forage production

G. Garden after ash to present

H. Networks that were activated: family
(family assistance), social (neighbor assistance),
institutional (indigenous community, cooperative,

fairs, markets, INTA)

I. Economic support of the system

K. People who make up the household in the field

Tolerance
Resistance
Avoidance
Diversification
Transformation
Tolerance
Resistance
Avoidance
Diversification
Transformation
Tolerance
Resistance
Avoidance
Diversification
Transformation
Tolerance
Resistance
Avoidance
Diversification
Transformation
Tolerance
Resistance
Avoidance

Diversification

1 o O O [\ =

O N O O O O N O O O O N o

1
1
S O O N O = O O N = O O = O =

1
— o [\
1

|
—_
|

o O = O

0 0
2 2
0 0
1 1

to be continued...
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Functional archetype

Functional Variable Strategy
A C P R
Transformation 0 0 0 0
Tolerance 0 1 1 1
Resistance 0 2 2 2
L. Did anyone migrate from the
Avoidance 2 0 0 0
field between 2011 and 20197
Diversification 1 0 0 0
Transformation 1 0 0 0
Tolerance 1 1 1 0
Resistance 1 1 1 1
M. Link with tourism Avoidance 0 0 0 2
Diversification 0 0 0 2
Transformation 0 0 0 2
Total score 31 21 15 34
Tolerance 5 5 8 5
Resistance 11 13 5 10
Strategy score
Avoidance 5 1 1 6
Diversification 6 2 1 8
Transformation 4 0 0 5

For example, as it is shown in Additional File 3, in the case of the functional variable ‘Livestock self-consumption from post-ashfall to 2019’, within the
category ‘0. did not stop consuming’, we assigned ‘2’ points to the Resistance strategy. This decision was based on our assessment of the direct relationship
between the response and the strategy. Continuing to consume their livestock after this event represents an active avoidance against adverse conditions
without deformation or ‘breaking’, which aligns with our definition of the Resistance strategy. Regarding the other strategies, we assigned ‘0’ points to
this category because we deemed the response unrelated to them (Tolerance, Avoidance, Diversification, or Transformation). Continuing to consume their
livestock does not represent a Tolerance strategy because it implies an active reaction to be able to continue consuming after this kind of shock (which
is directly related to the category ‘1. stopped consuming to some extent’). Similarly, it does not represent an Avoidance strategy because it does not
increase the likelihood that at least one area, activity or resource can thrive in changing conditions or unpredictable environments. Furthermore, it does
not represent a Diversification or Transformation strategy.
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Add File 3. Scores of responses (classes of variables) for each strategy.

Functional variables Categories Strategies ; e
. B Diversifi Transfor
Tolerance Resistance Avoidance N .
-cation -mation
B. Livestock consumption 0. they did not stop consuming 0 2 0 0 0
(sheep, goats, cattle): 1. they stopped consuming
A A 2 0 0 0 0
immediately post-ash to present to some extent
C. ‘Immediate’ incorporation 0. no 1 2 0 0 0
of other animals for consumption and/or sale (T2) 1. yes (poultry/pigs) 0 0 1 2 1
D. Diversification 0. they did not diversify 1 2 0 0 0
of farm animals 1. they diversified 0 0 1 2 2
(poultry/pigs) (T3) 0. they started foraging o 1 2 0 1
E. Extensive livestock foraging (at least for a while)
1. they continued foraging 1 2 1 0 0
0. they have not produced or
. . 1 0 1 0 0
F. Forace production stopped producing with the ashfall
: ge p 1. they started producing after the ashfall 0 0 1 2 1
2. they continued to produce forage 1 2 0 0 0
G. Vegetable garden 0. no V,EEEtable garden in . 2 0 0 0 0
Fror aetl ta o esont the period or they abandoned it
atter ashiall to the presen 1. They maintained/enhanced
the garden (they did it before 1 2 0 0 1
the ash and in 2018 they continued)
. 0. None or informal (family, neighbors) 1 2 0 0 0
H. Networks that were activated 1. institutional (and informal) 0 2 0 0 0
I. Economic support 0 relied on extra-farm . 2 0 1 1 0
° income (employment/pension)
of the system during e e
the disturbance and thereafter ; eld production was 0 2 0 0 0
maintained or enhanced
0. field alone or with a position 1 0 0 0 0
holder in some period 2011-2019
k. People who ) A
ke up the household 1. one permanent person in
ma the field and no one else, 2 1 0 0 0
neither temporary nor sporadic
2. a permanent person and 1 2 o 1 0
other temporary and/or sporadic person(s)
3. more than one permanent person 0 2 0 1 0
L. Did anyone migrate 0. no 1 2 0 0 0
from the countryside 1. yes 0 0 2 1 1
between 2011 and 20197 0. none 1 1 0 0 0
M. Link with tourism 1. sale of products, odd job 0 1 0 1 0
2. with investments or 0 1 2 2 2
permanent employment

Section 2.2. Adaptation strategies standardization of scores

To compare the strategies with each other, given that each strategy obtained different values, it was necessary to normalize the scores afterward. To
do this, we calculated the ‘maximum possible total value’ that a household could obtain per strategy through the summation of the maximum scores
for each variable (for each strategy). For example, if a given variable with two categories options was assigned a score of ‘2’ to the first and ‘1’ to the
second for the ‘Tolerance’ strategy, the score of ‘2> was considered for the summation of the ‘maximum possible total value’ for that strategy (Example in
Additional File 4). These normalized values were then used after calculating the scores for each strategy for each archetype of functional response (Example
in Additional Files 4) to be able to compare them with each other.
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Add File 4. Example of scores per class of each variable for each adaptive strategy. In bold variable’s values considered for the sum.

Adaptive strategy

Functional variable Category Tolerance Resistance Avoidance Diversifi-cation Transfor-mation

A0 0 0 1 2 0
A
Al 1 2 0 0 0
B.0 2 0 0 0 0
B B.1 0 0 0 2 1
B.2 1 0 1 2 0
Maximum possible total value 3 2 2 4 1

To calculate the scores for each strategy within each functional archetype, we utilized Additional File 4. We summed the scores based on their responses,
considering only the descriptive variables for each archetype. Each archetype’s score for a given strategy was then normalized by dividing it by the ‘maximum
possible total value’ for that strategy. This normalization enabled us to assess the relationship between each functional archetype and the different strategies
on a scale from 0 to 1. We established a minimum threshold of 0.5 to determine whether a strategy is characteristic of an archetype.

Section 2.3. Mutualist Strategy To incorporate this strategy into the analysis, we adopted a different approach that did not rely on scores for two
reasons. On the one hand, it was not feasible for us to quantify the strategy, and on the other hand, mutualist strategies (understood as social network
agency) were a common denominator across nearly all interviewed households, albeit with nuanced differences. This strategy was directly associated with
the variable H. ‘Activated Networks’. Class 0. ‘None or informal’ (family, neighbors) and 1. ‘Institutional’ (in addition to informal). Additionally, within
class 0, we further differentiated households that mentioned not receiving any type of assistance. We considered the mutualist strategy (or social network
strategy) to be engaged when households received some form of assistance (economic, logistical, emotional, support, labor) from other people. We analyzed
the type of social networks that were activated (relatives, neighbors, formal institutions). The classes of mutualism were defined as follows:

1. None: No social networks were activated, and no assistance was received from any person or institution.
2. Informal: Networks of families, relatives, and neighbors were activated for assistance, collaborative work, and cooperation.

3. Formalized: Assistance and collaborative work were framed within formal work cooperatives, legally recognized indigenous community associations,
and coordination with state institutions, Non-Governmental Organizations and the churches.
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Add File 5. Functional archetype classes for Descriptive variables: This table presents the classes assigned to each functional archetype, limited to integer
values (no decimals). The corresponding classes are Anticipatory, Conservative, Passive, and Reactive. Integer values are highlighted in bold, while values

with decimals (which were not considered) are displayed in regular font.

Descriptive Functional Variable

. Livestock consumption: immediately post-ash to present

. Immediate incorporation of other animals for consumption and/or sale (T2)
. Diversification of farm animals (poultry/pigs) (T3)

. Extensive livestock foraging

. Forage production

. Garden after ash to present

oD Q 2 H OJ Q%

. Networks that were activated: family (family assistance), social (neighbor assistance), institu-
tional (indigenous community, cooperative, fairs, markets, INTA)

I. Economic support of the system

K. People who make up the household in the field

L. Did anyone migrate from the field between 2011 and 20197
M. Link with tourism

1.00
1.00
1.00
1.00
2.00
0.77
1.00

1.00
3.00
1.00

Functional Archetype Class
Anticipatory = Conservative Passive Reactive
0.00 1.00 1.00
0.00 0.00 1.00
0.00 0.79 0.80
1.00 0.55 0.00
1.05 0.01 0.00
0.81 0.47 1.00
0.34 0.07 1.00
0.59 0.00 0.65
3.00 0.00 3.00
0.00 0.00 0.00
0.00 0.00 2.00

0.00
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Add File 6. Comparison between functional archetypoids and correspondence with archetypes according to structural characteristics. The cell values
range from ‘0’ (0%), indicating no correspondence, to ‘1’ (100%), indicating maximum correspondence.

Functional archetypoids Structural archetypoids

Anticipatory  Conservative Reactive 1.CM 4.DF 2.ED
1.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00
1.00 0.00 0.00 0.00 0.68 0.00 0.18 0.15
1.00 0.00 0.00 0.00 0.64 0.23 0.12 0.00
1.00 0.00 0.00 0.00 042 0.50 0.08 0.00
0.00 1.00 0.00 0.00 055 0.28 0.03 0.14
0.00 1.00 0.00 0.00 0.17  0.18 0.65 0.00
0.00 1.00 0.00 0.00 0.00 0.00 031 0.69
0.00 0.00 1.00 0.00 0.20 0.02 0.78 0.00
0.00 0.00 1.00 0.00 0.13 0.00 046 0.40
0.00 0.00 1.00 0.00 0.00 0.45 0.00 0.55
0.00 0.00 0.00 1.00 031 051 0.00 0.19

TI:GT AIOSUOD [OIqouyyH

RIUOSRIR UISY}ION

ul [[ejyse oIued[oA pue JySnoip o} sproyesnoy [erosed jo soiSojerss uoryejdepe pue sesuodsor [euordUN ‘9g0g ‘1P 12 epIoqer]



1518

Add File 7. Association between functional response archetypes and the adaptation strategies. The functional response are Passive (P), Conservative
(C), Anticipatory (A), and Reactive (R). The scores are assigned as a proportion of the total score for each archetype.

Functional archetype

Normalized Strategy Score P C A R

Tolerance 0.53 0.33 033 0.33
Resistance 024 0.62 052 048
Adaptation Strategies Avoidance 0.10 0.10 0.50 0.60
Diversification 0.09 0.18 0.55 0.73
Transformation 0.00 0.00 0.44 0.56
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