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Abstract

Humans shape landscapes through the management of organisms and ecosystems, either degrading
or sustaining biodiversity. Despite their essential role in sustaining biodiversity, stewardship practices
have been overlooked by conventional conservation research and action. To improve our
understanding of biophysical stewardship practices, we propose a classificatory framework and

illustrate it by applying it to the stewardship of cultural keystone species, rich in examples due to their
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high value to people. We identified 19 types of biophysical stewardship practices with impacts at
population, community, and ecosystem levels. Through a review of English literature providing
examples of cultural keystone species, we identified 343 reports of biophysical stewardship practices
directed toward almost 1000 cultural keystone species and 1652 reports of nature's contributions to
people associated with these species. Integrating stewardship practices into biodiversity conservation
frameworks would facilitate consideration of both biodiversity and its stewards. Strengthening
Indigenous, local and other place-based stewardship practices within scientific and policy settings

could contribute to more effective and inclusive conservation.

Keywords: Biodiversity conservation, ecosystem management, Indigenous Peoples, Kunming-

Montreal Biodiversity Framework, Local communities, Local ecological knowledge

Stewardship practices: connecting biodiversity conservation and nature's contributions to people

Anthropogenic drivers have contributed to an unprecedented decline of nature and its contributions
to people (Diaz et al. 2019, Jaureguiberry et al. 2022). At the same time, human actions also hold
promise for curbing these threats (Diaz et al. 2020, Ojeda et al. 2022, Levis et al. 2024). Human
societies have transformed landscapes for millennia through land use, and by managing other
organisms at the population, community, and ecosystem levels (Clement 2006, Ellis et al. 2021). For
example, contrary to prevailing views, ecosystems in western Canada are shaped primarily by natural
processes and elements such as wildfire, soils, and climate, place-based knowledge holders have been
actively managing their territories to foster the abundance and quality of preferred plant and animal
species since before European colonisation (Christianson et al. 2022). Indigenous Peoples and other

place-based knowledge holders (i.e., small-scale farmers, amateur foragers, and hunters; hereafter
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place-based knowledge holders?) have developed and maintained mosaic landscapes comprising
different ecosystems (Ellis and Ramankutty 2008, Ellis et al. 2021). These mosaic landscapes are of
high cultural value. They are often characterized by absent or low chemical inputs but high levels of
human attention (Agnoletti and Rotherham 2015, Levis et al. 2024), and at the same time that harbor
high levels of biodiversity (Halada et al. 2011, Balée et al. 2020, Ingty 2021, Molnar et al. 2024). In
light of this, there is a growing recognition of the need to appreciate and incorporate the roles of
place-based knowledge holders and their stewardship practices in managing ecosystems and
maintaining their health (Garnett et al. 2018, Artelle et al. 2019, Tardella et al. 2020, Heller et al.
2023). Stewardship practices (often named management practices), defined as “actions taken by
individuals, groups or networks of actors, with various motivations and levels of capacity, to protect,
care for or responsibly use the environment in pursuit of environmental and social outcomes in
diverse social-ecological contexts” (Bennett et al. 2018; p. 597), offer invaluable insights for ethical
and effective biodiversity conservation.

Stewardship practices span individuals and communities taking responsibility for maintaining and
enhancing nature's contributions to people (Diaz et al. 2018, Diaz and Pascual 2025; hereafter
nature's contributions) through voluntary actions of conservation, management, monitoring,
advocacy for, and education about landscapes (Campbell et al. 2011, McLain et al. 2017). At the
individual level, stewardship practices manifest personal attitudes and behavioural preferences
(Lehnen et al. 2022); at the community level, they can materialize as customary guidelines or be
embedded in cultural practices and customs (Loring 2022). They can have both positive and

detrimental effects on different levels of ecological organization, and their contribution to

1 The term "place-based knowledge holders" is used in this manuscript to inclusively refer to both Indigenous Peoples and local communities with a
long-standing connection to specific lands and ecosystems. While the terminology is intended to encompass the diverse knowledge systems tied to
these groups, it is important to acknowledge that the use of terms like "Indigenous Peoples" and "local communities" can be contentious. Some
Indigenous groups object to the terminology that lumps them with settler communities. Additionally, exclusively focusing on Indigenous communities
risks excluding Afrodescendant communities and other non-Indigenous groups that hold significant place-based knowledge and have longstanding ties
to their environments. This terminology, therefore, should be understood as a broad and inclusive descriptor for any group that has longstanding
connection to and knowledge about their landscapes. Each place-based knowledge holder belongs to a sociocultural group which we define using
language as distinctive characteristic.

3



This is the postprint version of “Mattalia, Giulia [et al.]. «Stewardship practices enhance nature's contributions to people». BioScience, Vol. 76, Num. 6
(2026), p. 491-500 DOI 10.1093/biosci/biag047”

maintaining and enhancing ecosystems and species depends on multiple dimensions of stewardship
(social, spiritual, and political). Stewardship practices are expressions of knowledge systems that are
modulated by specific historical, social, cultural, linguistic, ecological, political, and economic contexts
(Berkes et al. 2000), and can be grounded in intrinsic, instrumental, and relational values (Chan et al.
2016). In this sense, stewardship practices have to be understood as pluralistic, including diverse
views and perspectives in different contexts. Guided by knowledge and regulated by place-based
formal and informal guidelines and rules, these practices are manifestations of people's relationships
with other components of nature aligned with cultural identity and diverse worldviews (Berkes et al.

1994, Maffi and Woodley 2010, Gavin et al. 2015).

Here, we present a classification framework for the biophysical dimension of stewardship practices
to facilitate their integration into research and decision-making, where they remain largely
underrepresented. We used the literature on classifications of stewardship practices to draft a
classification that was then refined and illustrated by mobilizing a corpus of cultural keystone species
literature (CKS; species that hold a high cultural value and significance; Garibaldi and Turner, 2004).
The resulting synthesis highlights the widespread prevalence of stewardship practices for almost 1000
cultural keystone species worldwide, and their fundamental role in co-producing nature’s
contributions to people. Recognizing and incorporating stewardship practices and their knowledge

holders into conservation efforts can enhance social-ecological resilience.

A classificatory framework of biophysical stewardship practices

As part of the growing recognition of the importance of stewardship practices, in the last two
decades, scholars have developed various classifications for stewardship practices (Supplementary
Information 1). For example, Ticktin (2004) classifies them differentiating between harvesting,

management, and land use practices and describes the different impacts of these practices at genetic,
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species, community, and ecosystem levels. Comberti et al. (2015) mimic the structure of ecosystem
services classifications and differentiates practices according to four services to ecosystems (i.e.,
protection, enhancement, restoration, and support services). McLain et al. (2017) propose a two-
dimensional classification of practices: those that maintain species or habitats and those that enhance
them. Most literature distinguishes practices that are intended to maintain biodiversity from those
practices that actively manage it to enhance some elements. Additionally, previous works have also
identified and classified stewardship practices for specific taxa (e.g., palms; Bernal et al. 2011), groups
of taxa (e.g., non-timber forest products; Ticktin 2004), ecosystems (e.g., rainforests; Comberti et al.
2015, Levis et al. 2018), or practices specific to social groups (e.g., urban foragers; McLain et al. 2017).
While all these classifications partly overlap, they do not include the same practices or follow a
consistent classification logic. This lack of reporting coherence in the literature hampers the clear
identification and comparability of those practices and the understanding of their effects across

scales.

Drawing on existing literature about environmental management practices and utilizing the literature
on cultural keystone species as empirically-grounded examples, here we propose and illustrate a
comprehensive and coherent classification to identify the biophysical dimension of stewardship in
specific environments. We focus on the biophysical dimension as an entry point to unpack the
tangible ways in which people steward, or have stewarded, specific elements of nature. Our approach
proceeds in two steps. We first reviewed and synthesized previous classifications of stewardship
practices (Box 1, Supplementary Information 1) to draft a classification that was then refined by
comparing and complementing it with categories emerging from the CKS literature coded using an
inductive approach. Once we had the final classification, we used it to categorize stewardship
practices CKS dataset, which includes domesticated and wild animal, plant, and fungi species and

associated sociocultural groups (Box 1, Supplementary Information 2). We also coded nature's
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contributions to people mentioned in this corpus according to Diaz et al. 2018. We selected eight
illustrative case studies worldwide to exemplify the stewardship practices carried out by some of the

place-based knowledge holders we work with (see Figure 2, Table 1).

BOX 1 Methods

In February 2024, we performed a literature review to identify existing classifications of stewardship
practices (12 articles; Supplementary Information 1). Fourteen documents were selected and
screened to retain only those that included a classification of practices that people carry out to
support species (n=12; Supplementary Information 1). Existing categories of stewardship practices,
along with their classification structure (e.g., protecting, enhancing, restoring, supporting practices),
focus (e.g., reciprocity), and labelling of practices (e.g., management practices) were extracted and
grouped by similarity (e.g., watering, irrigating, drip irrigation) to come up with a first classification

draft.

In parallel, we performed a second literature review for documents in English containing the wording
“Cultural Keystone Species” in Web of Science, Scopus, and Google Scholar published before
December 2023 (242 articles). From each article, we extracted (1) the name of the species and (2) the
sociocultural group forming the CKS (when available), (3) species contributions to the sociocultural
group, and (4) stewardship practices carried out by the sociocultural group. This approach is grounded
on the concept of reciprocity (i.e., reciprocal contributions; Ojeda et al. 2022). Due to the cultural
significance of CKS, its literature provides details about both nature’s contributions and stewardship
practices. To identify the stewardship practices, we did not look for specific keywords but we
thoroughly read the articles identifying activities that expresses protection, care, or responsibility
regarding the CKS, CKS-associated species, or the environment in which they live. We organized these

data into two tables.
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In the first table, we classified CKS contributions according to Diaz et al.?. An “economic value”
category was added to indicate when the CKS was traded or bartered for other goods as this appeared
frequently in the literature and could be an important element for the associated sociocultural group
but not explicitly classified as such in Diaz et al.?2%. We then calculated how many times each CKS

contribution was reported per continent.

In a second table, text describing stewardship practices was copied and coded using an inductive
approach, defining categories according to practices repeatedly mentioned in the CKS literature. Each
entry could receive several codes to cover the full range of practices documented. This resulted in
over 90 codes that were subsequently homogenised (e.g., “transplantation”, “transporting and
planting”, “translocation”, and “transplanting individuals” were all coded as “translocation”) and
grouped into broader categories. For example, “selective harvest (based on seasonality)” and

“selective harvest (based on phenological stage)” were all coded as “sparing individuals”.

Then, we compared the categories obtained through the scoping literature review of classifications
stewardship practices (Supplementary Information 1) with the categories defined through this
bottom-up approach. We fine-tuned our list of categories to build a classification that was
comprehensive and coherent (Supplementary Information 2). Reporting these practices can be done
with different levels of detail, leading to labels that can be nested into one another or cases of partial
overlaps between labels. In developing our classification, we focused on identifying the actual
practices rather than the motivations for doing them. For instance, instead “trait selection”, we coded
“sparing individuals”, which is one of various practices to carry out trait selection. The stewardship
practices and their groupings have been named as broadly as possible to allow for the classification

to be used for plants, animals, fungi, and other species. This led to the identification of 19 stewardship
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practices (Figure 1) that we then used to classify the full CKS corpus and further illustrate with eight

qualitative case studies (Table 1, Supplementary Information 3). END OF THE BOX

We identified 19 types of stewardship practices across three levels of ecological organization to which
these practices apply (Figure 1). Some practices address a target species (e.g., a CKS, but also other
culturally important species), others address assemblages of species (community level, often
including groups of species, including target and non-target species, but not always the whole
community), and still others address whole ecosystems (where the target species lives). Although this
classification focuses on biophysical stewardship practices, we acknowledge that these human

actions towards nature span multiple dimensions, including spiritual ones.

Maodifying individuals
Propagating in-situ
Target species Sparing individuals
(Population and
meta-population level) Sparing population
Supplementary feeding
Translocating

Burning
Grazing/Mowing

Maintaining or adding

Assemblages companion species

of species

Community level .
( ty ) Place avoidance

Removing/disfavouring

competing and predating
species

Benthic arrangements
Drainage
Fertilizing
Irrigating
Ecosystems and 9 9
Landscapes

(Ecosystem level) No-tillage

Soil turnover
Terracing

Water quality
maintenance

Figure 1. Stewardship practices organised by the level of ecological organization they target (See

Supplementary Information 2 for definitions and examples).
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Stewardship practices are not mutually exclusive from one another. For example, irrigation and
drainage practices contribute to creating micro-topography changes and influencing soil moisture, all
resulting in changes in biodiversity composition. We recognized the importance of burning and
classified it as a practice itself. Yet, fire is a tool that can be used to achieve several stewardship
practices simultaneously (e.g., “maintaining or adding companion species” and
“removing/disfavoring competing and predating species”). Stewardship practices aimed at specific
components of nature, as for example target elements such as CKS, often ripple through trophic webs
and across other ecological interactions, affecting multiple biotic and abiotic components. For
example, ensuring and enhancing the reproduction of herring (Clupea pallasii, a CKS for Haida People
in Canada) through the conservation of spawning grounds (maintaining or adding companion species)
ensures food for salmon and seals (Thornton 2015). Similarly, controlled burning by Ma‘dan People
in Iraq to enhance the growth of reeds also maintains prairie habitats that support many other species
(Al-mudaffar Fawzi et al. 2016). While stewardship practices are intentional to specific elements,
unintentional effects on other elements of nature other than the focal ones are not rare. For example,
in the Ecuadorian Amazon, the Waorani People mention that they “plant the forest” by selecting
seeds of particular species and dispersing or sowing them into the forest. They also translocate
seedlings in specific forest places where they know they can grow to provide food and attract animals
for hunting (Montufar pers. obs.). At the same time, during their long hunting trips, they carry with
them cooked fruits of Oenocarpus bataua (patawa) or raw fruits of Mauritia flexuosa (moriche palm),
whose seeds are then dispersed in the forest. Therefore, stewardship practices often affect wider
social-ecological systems even when geared toward promoting a single species. These types of
management are often invisible to academics (Denevan 1992, Molnar et al. 2023). The wider social-
ecological system is reflected in the classification that we propose, where practices not only target

culturally valuable species but their biotic and abiotic environments. Because of these
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complementary levels of action, the classification can also be used when stewardship is directed to

specific places rather than species (e.g., cultural keystone places; Cuerrier et al. 2015).

Given the diversity and complexity involved, classifications of stewardship practices are best
understood as a working framework, not a rigid structure. Still, by focusing on the actual actions and
the targeted levels of nature to which they are applied, classifying stewardship practices can facilitate
dialogue between stewards and scientists focusing on biological conservation. Nonetheless, each
stewardship practice may be intertwined with cultural, spiritual, psychological, social, educational,
and political aspects. For instance, the CKS literature often reported the concept of “harvest only
what you need and use it all” (e.g., Maxwell et al. 2018, Clapcott et al. 2018, Cram et al. 2022). While
it does not represent a specific biophysical practice, the concept inherently limits the harvest amount
for individual or community needs, and presumably does so without including commodification (i.e.,
harvest to trade). This seems related to foundational values (such as reciprocity) of many Indigenous

Peoples and has important implications for the stewardship of nature (Kimmerer 2013).

lllustrating the stewardship practices classificatory framework: the example of the CKS literature

Cultural keystone species are often the target of stewardship practices (Lukawiecki 2024). CKS are
defined as “culturally salient species that shape in a major way the cultural identity of a people, as
reflected in the fundamental roles these species have in diet, materials, medicine, and/or spiritual
practices” (Garibaldi and Turner 2004 p. 4). An important aspect of CKS is that the relations between
people and CKS are reciprocal (Ojeda et al., 2022). That is, not only do CKS play important material,
spiritual, or relational roles for people, but people steward CKS in return (Table 1; Nabhan and Carr
1994, Mattalia et al. 2024). For instance, reindeer (Rangifer tarandus) play a crucial role among the
Saami People of Northern Scandinavia, exceeding the cultural salience of any other species Saami

relate with (Mustonen 2022). Reindeer contribute to Saami livelihood and culture (e.g., food,
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materials, etc.), who in turn care for reindeer (e.g., supplementary feeding and mobility for high-
quality grazing), thus establishing relations of reciprocity (Markkula, Turunen, and Rasmus 2019).
Similarly, in the Andes of southern South America, the seeds, adult individuals, and forest stands of
the pewen, or the monkey-puzzle tree (Araucaria araucana) have key economic, ecological, social,
and spiritual roles for the Mapuche-Pewenche Indigenous People (lbarra et al. 2022). Thanks to
Mapuche-Pewenche traditional practices of seed dispersal, planting seedlings, conserving the habitat,
and engaging in political organisation to defend these trees, many A. araucaria forests continue to
thrive in their ancestral lands (lbarra et al. 2024). These acts of care and protection have influenced
evolutionary and ecological processes in the forests of the southern Andes (Reis et al. 2014, Speziale
et al. 2018, Cockle et al. 2019). In the CKS literature (242 articles), we found evidence for 343 reports
of stewardship practices (in 90 articles) representing all 19 types of stewardship practices. Most
stewardship practices concerned plants (46 plant species were targeted in 231 reports of stewardship
practices), followed by animals (40 animal species were targeted in 109 reports of stewardship
practices) and fungi (one species was targeted in three reports of stewardship practices). Sixty per
cent of all stewardship practices were reported from North America, and among them burning
represented 30% (n = 62; Figure 2). However, burning was little mentioned in other continents, with
only five mentions in Oceania and two in Asia. Instead, sparing individuals (e.g., selective harvest) was
the most salient stewardship practice in reports from all the other continents, accounting for 60% of
the total in Oceania and 24% in Europe. The literature reported more than one stewardship practice
per CKS (in 130 out of 206 CKS for which stewardship practices were documented at all). Stewardship
practices were distributed across all the levels of our classification (respectively 138 at target species
[population and meta-population] level, 133 at the community of species level, six at the ecosystem

level).
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Figure 2. Number of CKS per continent (inner black circles) documented in this review. Number and
proportion of nature's contributions (outer circles) and stewardship practices (middle circles). Largest
and smallest numbers per continent are indicated as rounds in the bottom of the map. Figure made
by Téo Barbetti. Out of 982 CKS reported in the English language literature (collected from 453 articles
that mention the CKS concept and, more specifically, in the 242 articles that describe a specific CKS,
see Box 1), we identified 1652 mentions of nature's contributions (177 articles; Figure 2). We found

that the majority of nature's contributions concerned plants (182 species and 1099 nature's
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contributions), followed by animals (104 species and 545 nature's contributions), and fungi (two
species and eight nature's contributions). About 45% of the nature's contributions were documented
in North America. The most reported nature's contributions was food and feed in Asia, Europe, and
North and South America (representing 22 to 27% of all nature's contributions mentioned for these
continents), while the most reported nature's contributions in Africa and Oceania was “supporting
identities”, and food and feed in South America (representing 22 to 34% of all nature's contributions
in these continents). Other frequent nature's contributions are the provision of medicinal,
biochemical, and genetic resources (especially in Africa, Asia, Europe, and North America) and
materials, companionship, and labour (especially in Oceania and South America). Numbers (1-8)
indicate the continent of the eight case studies summarized in table 1, illustrated below the map
through a photo collage: (1) Phytelephas aequatorialis (Tagua) and Huancavilca People (Ecuador) ©
Gabriela Loayza. (2) Haliotis kamtschatkana (Northern abalone) and Haida People (Canada) ©Lynn
Lee, Tll.aal, Haida Gwaii. (3) Vaccinium membranaceum (huckleberry) and Gitksan and Wet'suwet'en
People (Canada) © Nancy Turner. (4) Bos taurus (cattle) and Maasai People (Kenya and Tanzania) ©
Tim Bruijninckx - VSF. (5) Ensete ventricosum (enset) and Gurage and Sidama People (Ethiopia) ©
Zemede Asfaw. (6) Diploknema butyracea (chiuri) and Chepang People (Nepal) © Yadav Uprety. (7)
Eugeissona utilis (wild sago palm of Borneo) and Penan People (Malaysia and Indonesia) © F. Merlin

Franco. (8) Bos taurus (cattle) and Walser People (Switzerland) © Giulia Mattalia.

Our synthesis indicates that the CKS literature more often documents nature's contributions to
people than stewardship practices of people towards species. Only half of CKS articles that report
nature's contributions also document stewardship practices. This could reflect the CKS definition
proposed by Garibaldi and Turner (2004), which specifically focuses on nature’s contributions,
overlooking stewardship practices. Based on our collective decades of field experience, we have

observed that stewardship practices are present when elements of nature are culturally or
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individually valued and used (e.g., Table 1, Supplementary Information 3). However, these practices
and other aspects of people-nature relations are not always investigated or reported. The academic
underreporting of these practices may lie in a paradigm - the notion of wilderness - anchored in
Eurocentric perspectives, increasingly criticized by some scholars, including Indigenous ones
(Anderson 2005, Denevan 2011, Turner 2020, Ellis et al. 2021, Fletcher et al. 2021, McMichael et al.
2023). Indeed the “Western” positivistic epistemology promoted the idea of “command and control”
grounded on the belief that elements of nature are either valuable to people or to the ecosystem but
not both, in stark contrast with Indigenous holistic perspectives where elements of any social-
ecological system are deeply interdependent (Loring 2020, Reid et al. 2021). The lack of reporting of
stewardship practices is not easily identifiable because they are often found under various terms,
which hampers literature searches. Another reason for this may be that much of the literature in
social sciences and ethnography is written in languages other than English. While this can indicate
cross-continental differences, this may also be due to reporting biases in the literature, as CKS

documentation is much more abundant in North America (Figure 2; Mattalia et al. 2024).

Table 1 A summary of the eight case studies detailing the main stewardship practices, nature's

contributions, and threats (further details in Supplementary Information 3).

CKS Region Key Main Main Threats
Stewardship nature's
Practices contributions
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1. Phytelephas Ecuador, Sparing Supporting Deforestation,
aequatorialis South individuals, in- identity, overharvesting,
and America situ food, market instability,
Huancavilcas propagation, medicine, knowledge erosion
modifying income
individuals,
removing/disfa
vouring
competing and
predating
species,
translocation
2. Haliotis Canada, Sparing Food, Overharvesting,
kamtschatkana North individuals, supporting poaching, climate
and Haida America translocating identity change, limited rights
3. Vaccinium Canada, Burning, Food, Climate change,
spp. And North fertilizing, medicine, herbicide use,
Gitksan, America modifying income, colonial bans on
Wet'suwet'en, individuals, supporting burning
translocating identity
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other First

Nations

propagation

4. Bos spp. and Kenya/ Grazing, Food, Income | Land privatization,
Maasai Tanzania, burning Physical and sedentarization,
Africa psychological climate change
experiences
5. Ensete Ethiopia, Sparing Food, Market changes,
ventricosum and Africa populations, medicine, cultural erosion,
Gurage, Sidama, fertilizing, Physical and gender role shifts
Gedeo, others translocation | psychological
experiences,
supporting
identity
6. Diploknema | Nepal, Asia Sparing Trade, Economic shifts,
butyracea and individuals, supporting regeneration failure,
Chepang burning, in-situ identity market opportunity
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8. Bos taurus Switzerland, Mowing and Food, Depopulation,
and Walsers Europe grazing, Supporting abandonment of
fertilizing identity practices
7. Eugeissona Malaysia, Sparing Food, Logging, social
utilis and Southeast individuals, Supporting change, external
Penans Asia removing/disfa identity pressures
vouring
competing and
predating
species,

Relevance of stewardship practices for global policy

The global impact of place-based knowledge holders’ stewardship is yet to be fully understood.
However, place-based knowledge holders are increasingly considered in international scientific and
policy fora (Carmona et al. 2023). For example, the IPBES Thematic Assessment of the Sustainable
Use of Wild Species acknowledges that biodiversity loss should be always addressed “while respecting
the rights of Indigenous Peoples and local communities” (IPBES 2022), but does not acknowledge
Indigenous and local stewardship practices that do contribute to managing and maintaining
biodiversity. Stewardship practices are likely included in the “biodiversity-friendly practices”
mentioned in KMGBF Target 10 and their consideration is necessary “for effective and equitable

governance” (KMGBF Target 21). Stewardship practices are especially relevant to Target 9 (Manage
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wild species sustainably to benefit people?) as many conventional colonial forms of conservation and
sustainable use governance, such as some parks and protected areas or endangered species
regulations, protect biodiversity but criminalize use and stewardship by place-based knowledge
holders. Examples include cultural burning or the harvesting of plants and animals (Christianson et al.
2022). Another example are policies that restrict pastoral mobility, resulting in increased grazing
pressure in specific localities, while mobile grazing per se is beneficial to many ecosystems (Manzano
2023). Many interactions between people and other components of nature are context-specific and
therefore difficult to scale up and articulate to outsiders (Daniel et al. 2012, Sterling et al. 2017, Diaz
et al. 2018, Ibarra et al. 2023). Transdisciplinary theoretical frameworks used to inform policy-making,
to which the classification of stewardship practices presented here can be integrated, offer an
opportunity to articulate the various visions of people-nature relations (Diaz et al. 2015, Hill et al.

2021, Diaz and Pascual 2025).

Stewardship practices and their effects on both nature and human quality of life can be interpreted
using the IPBES conceptual framework (Diaz et al. 2018, Diaz et al. 2015), itself emerging from a
transdisciplinary process. Stewardship practices contribute to co-producing nature's contributions
and can also be interpreted as direct anthropogenic drivers that influence nature (Diaz and Pascual
2025). An emphasis on stewardship would create meeting points between instrumental and
relational-oriented conservation strategies for more effective biodiversity conservation (Mulyoutami
et al. 2023). Hence, policies should carefully and holistically interpret these practices with the people
performing them, as their beneficial or detrimental impact will not only depend on the governance

and the value system of the people implementing them (see IPBES conceptual framework (Diaz et al.

2 TARGET 9: Ensure that the management and use of wild species are sustainable, thereby providing social, economic
and environmental benefits for people, especially those in vulnerable situations and those most dependent on
biodiversity, including through sustainable biodiversity-based activities, products and services that enhance biodiversity,
and protecting and encouraging customary sustainable use by indigenous peoples and local communities.
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2015)) but also on the value systems assessing them (IPBES 2022). Benefits from stewardship may be
perceived and evaluated differently by place-based knowledge holders, scientists, and managers (Reo
et al. 2017, Moore et al. 2024, Menzies 2024, Bell et al. 2025). Identifying and incorporating multiple
values into policymaking, as argued by the KMGBF, provides leverage for transformative change
toward just and sustainable futures (IPBES 2024). The classification framework presented here can
contribute to transdisciplinary research approaches by offering a tool to analyze whether, when, how,

and why stewardship practices are beneficial to people and nature.

Our article sheds light on the ubiquitous contributions of place-based knowledge holders that through
stewardship practices offer the opportunity to connect biodiversity conservation and nature’s
contributions to people. However, to realize this potential and thus, integrate stewardship practices
into conservation policy and practice, a better systemic understanding was missing (Ibarra et al.
2023). Here we developed a framework for stewardship practices and applied it to a corpus of
literature on cultural keystone species. Our synthesis indicates an unbalance in researchers’ focus on
the reciprocal relation, with a stronger focus on nature’s contributions to people, and much less
attention posed to stewardship practices. Integrating stewardship practices into biodiversity
conservation research and practice would facilitate consideration biodiversity stewards along with

biodiversity itself.

Acknowledgements
GM acknowledges funding from the Margarita Salas grant MGSC2022-13; SD Red Federal de Alto
Impacto CONATURAR (CONVE2023-102072649-APN-MCT), Argentina, and the Oxford Martin School,

Oxford University, UK; JTI and JC thank ANID/FONDECYT Regular 1240070, CIIR
19



This is the postprint version of “Mattalia, Giulia [et al.]. «Stewardship practices enhance nature's contributions to people». BioScience, Vol. 76, Num. 6
(2026), p. 491-500 DOI 10.1093/biosci/biag047”

(ANID/FONDAP/15110006), CAPES (ANID PIA/BASAL AFB240003), and CHIC (ANID PIA/BASAL
PFB210018); NCB was supported by the Social Science and Humanities Research Council of Canada,
the Natural Sciences and Engineering Research Council of Canada, and the University of Victoria; YU
received support from the UGC-IOST start-up grant at Tribhuvan University; I.T-T. has received
financial support from the IRD ANR-CPJ contract number 402299/00 and from the French government
under the France 2030 investment plan, as part of the Initiative d'Excellence d'Aix-Marseille
Université — A*MIDEX (AMX-22-CPJ-05). This work contributes to ICTA-UAB “Maria de Maeztu”
Programme for Units of Excellence of the Spanish Ministry of Science and Innovation (CEX2024-

001506-M funded by MICIU/AEI /10.13039/501100011033).

References

Agnoletti, Mauro, and lan D. Rotherham. 2015. ‘Landscape and Biocultural Diversity'. Biodiversity
and Conservation 24 (13): 3155-65. https://doi.org/10.1007/s10531-015-1003-8.

Al-mudaffar Fawzi, Nadia, Kelly P. Goodwin, Bayan A. Mahdi, and Michelle L. Stevens. 2016. ‘Effects
of Mesopotamian Marsh (Iraq) Desiccation on the Cultural Knowledge and Livelihood of
Marsh Arab Women'. Ecosystem Health and Sustainability 2 (3): e01207.
https://doi.org/10.1002/ehs2.1207.

Anderson, K., 2005. Tending the wild: Native American knowledge and the management of
California's natural resources. Univ of California Press.

Artelle, Kyle A., Melanie Zurba, Jonaki Bhattacharyya, Diana E. Chan, Kelly Brown, Jess Housty, and
Faisal Moola. 2019. ‘Supporting Resurgent Indigenous-Led Governance: A Nascent
Mechanism for Just and Effective Conservation'. Biological Conservation 240
(December):108284. https://doi.org/10.1016/j.biocon.2019.108284.

Balée, William, Vinicius Honorato De Oliveira, Raquel Dos Santos, Marcio Amaral, Bruna Rocha,
Natalia Guerrero, Stephan Schwartzman, Mauricio Torres, and Juarez Pezzuti. 2020. ‘Ancient
Transformation, Current Conservation: Traditional Forest Management on the Iriri River,
Brazilian Amazonia'. Human Ecology 48 (1): 1-15. https://doi.org/10.1007/s10745-020-
00139-3.

Bell, E., Tremblay, C., Carodenuto, S., Downie, B., Dearden, P., Ole Kileli, E., McDougall, S. (2025).
Indigenous knowledge-bridging to support ecological stewardship in Canada and Tanzania.
People and Nature, 7(5), 1139-1150. https://doi.org/10.1002/pan3.70034

Bennett, Nathan J., Tara S. Whitty, Elena Finkbeiner, Jeremy Pittman, Hannah Bassett, Stefan
Gelcich, and Edward H. Allison. 2018. ‘Environmental Stewardship: A Conceptual Review and
Analytical Framework'. Environmental Management 61 (4): 597-614.
https://doi.org/10.1007/s00267-017-0993-2.

20



This is the postprint version of “Mattalia, Giulia [et al.]. «Stewardship practices enhance nature's contributions to people». BioScience, Vol. 76, Num. 6
(2026), p. 491-500 DOI 10.1093/biosci/biag047”

Berkes, Fikret, Johan Colding, and Carl Folke. 2000. ‘Rediscovery of Traditional Ecological Knowledge
as adaptive management'. Ecological Applications 10 (5): 1251-62.
https://doi.org/10.1890/1051-0761(2000)010[1251:ROTEKA]2.0.CO;2.

Berkes, Fikret, Carl Folke, and Madhav Gadgil. 1994. ‘Traditional Ecological Knowledge, Biodiversity,
Resilience and Sustainability'. In Biodiversity Conservation: Problems and Policies, edited by
C. A. Perrings, K.-G. Mdler, C. Folke, C. S. Holling, and B.-0. Jansson, 4:269-87. Ecology,
Economy & Environment. Dordrecht: Springer Netherlands. https://doi.org/10.1007/978-94-
011-1006-8_15.

Bernal, Rodrigo, Claudia Torres, Néstor Garcia, Carolina Isaza, Jaime Navarro, Martha Isabel Vallejo,
Gloria Galeano, and Henrik Balslev. 2011. ‘Palm Management in South America'. The
Botanical Review 77 (4): 607-46. https://doi.org/10.1007/s12229-011-9088-6.

Campbell, Lindsay K., Anne Wiesen, United States, and Meristem (Organization), eds. 2011.
Restorative Commons: Creating Health and Well-Being through Urban Landscapes. Rev. Jan.
2011. General Technical Report NRS-P 39. Newtown Square, PA: USDA Forest Service,
Northern Research Station.

Carmona, R., Reed, G., Thorsell, S., Dorough, D. S., MacDonald, J. P., Rai, T. B., & Sanago, G. A.
(2023). Analysing engagement with indigenous peoples in the intergovernmental panel on
climate Change’s sixth assessment report. npj Climate Action, 2(1), 29.

Chan, Kai M. A,, Patricia Balvanera, Karina Benessaiah, Mollie Chapman, Sandra Diaz, Erik Gémez-
Baggethun, Rachelle Gould, et al. 2016. “‘Why Protect Nature? Rethinking Values and the
Environment'. Proceedings of the National Academy of Sciences 113 (6): 1462—65.
https://doi.org/10.1073/pnas.1525002113.

Christianson, Amy Cardinal, Colin Robert Sutherland, Faisal Moola, Noémie Gonzalez Bautista, David
Young, and Heather MacDonald. 2022. ‘Centering Indigenous Voices: The Role of Fire in the
Boreal Forest of North America'. Current Forestry Reports 8 (3): 257-76.
https://doi.org/10.1007/s40725-022-00168-9.

Clapcott, J., Ataria, J., Hepburn, C., Hikuroa, D., Jackson, A. M., Kirikiri, R., & Williams, E. (2018).
Matauranga Maori: shaping marine and freshwater futures. New Zealand Journal of Marine
and Freshwater Research, 52(4), 457-466.

Clement, Charles R. 2006. ‘Demand for Two Classes of Traditional Afroecological Knowledge in
Modern Amazonia.' In Time and Complexity in Historical Ecology: Studies in the Neotropical
Lowlands, Columbia University Press, 341—43. New York: Balée, W. & Erickson, C. L.

Cockle, Kristina L., José Tomas Ibarra, Tomas A. Altamirano, and Kathy Martin. 2019. ‘Interspecific
Networks of Cavity-Nesting Vertebrates Reveal a Critical Role of Broadleaf Trees in
Endangered Araucaria Mixed Forests of South America'. Biodiversity and Conservation 28
(12): 3371-86. https://doi.org/10.1007/s10531-019-01826-4.

Comberti, C., T. F. Thornton, V. Wyllie de Echeverria, and T. Patterson. 2015. ‘Ecosystem Services or
Services to Ecosystems? Valuing Cultivation and Reciprocal Relationships between Humans
and Ecosystems'. Global Environmental Change 34 (September):247-62.
https://doi.org/10.1016/j.gloenvcha.2015.07.007.

Cram, D. L., van der Wal, J. E., Uomini, N., Cantor, M., Afan, A. |, Attwood, M. C,, ... & Spottiswoode,
C. N. (2022). The ecology and evolution of human-wildlife cooperation. People and Nature,
4(4), 841-855.

Cuerrier, A., N. J. Turner, T. C. Gomes, A. Garibaldi, and A. Downing. 2015. ‘Cultural Keystone Places:
Conservation and Restoration in Cultural Landscapes'. Journal of Ethnobiology 35 (3): 427—-
48. https://doi.org/10.2993/0278-0771-35.3.427.

Daniel, Terry C., Andreas Muhar, Arne Arnberger, Olivier Aznar, James W. Boyd, Kai M. A. Chan,
Robert Costanza, et al. 2012. ‘Contributions of Cultural Services to the Ecosystem Services

21



This is the postprint version of “Mattalia, Giulia [et al.]. «Stewardship practices enhance nature's contributions to people». BioScience, Vol. 76, Num. 6
(2026), p. 491-500 DOI 10.1093/biosci/biag047”

Agenda'. Proceedings of the National Academy of Sciences 109 (23): 8812—-19.
https://doi.org/10.1073/pnas.1114773109.

Denevan, William M. 1992. ‘The Pristine Myth: The Landscape of the Americas in 1492'. Annals of
the Association of American Geographers 82 (3): 369-85. https://doi.org/10.1111/j.1467-
8306.1992.tb01965.x.

Diaz, Sandra, Sebsebe Demissew, Julia Carabias, Carlos Joly, Mark Lonsdale, Neville Ash, Anne
Larigauderie, et al. 2015. ‘The IPBES Conceptual Framework — Connecting Nature and
People'. Current Opinion in Environmental Sustainability 14 (June):1-16.
https://doi.org/10.1016/j.cosust.2014.11.002.

Diaz, Sandra, Unai Pascual, Marie Stenseke, Berta Martin-Lépez, Robert Watson, Zsolt Molnar,
Rosemary Hill, et al. 2018. ‘Assessing Nature's Contributions to People'. Science 359
(February):270-72. https://doi.org/10.1126/science.aap8826.

Diaz, Sandra, Josef Settele, Eduardo S. Brondizio, Hien T. Ngo, John Agard, Almut Arneth, Patricia
Balvanera, et al. 2019. ‘Pervasive Human-Driven Decline of Life on Earth Points to the Need
for Transformative Change'. Science 366 (6471): eaax3100.
https://doi.org/10.1126/science.aax3100.

Diaz, Sandra, Noelia Zafra-Calvo, Andy Purvis, Peter H. Verburg, David Obura, Paul Leadley, Rebecca
Chaplin-Kramer, et al. 2020. ‘Set Ambitious Goals for Biodiversity and Sustainability'. Science
370 (6515): 411-13. https://doi.org/10.1126/science.abe1530.

Diaz, Sandra, Unai Pascual. 2025. Reciprocity towards nature in the biodiversity science-
policy interface. People and Nature 7(5): 1129-1138. https://doi.org/10.1002/pan3.70033

Ellis, Erle C., Nicolas Gauthier, Kees Klein Goldewijk, Rebecca Bliege Bird, Nicole Boivin, Sandra Diaz,
Dorian Q. Fuller, et al. 2021. ‘People Have Shaped Most of Terrestrial Nature for at Least
12,000 Years'. Proceedings of the National Academy of Sciences 118 (17): e2023483118.
https://doi.org/10.1073/pnas.2023483118.

Ellis, Erle C, and Navin Ramankutty. 2008. ‘Putting People in the Map: Anthropogenic Biomes of the
World'. Frontiers in Ecology and the Environment 6 (8): 439—-47.
https://doi.org/10.1890/070062.

Fletcher, Michael-Shawn, Rebecca Hamilton, Wolfram Dressler, and Lisa Palmer. 2021. ‘Indigenous
Knowledge and the Shackles of Wilderness'. Proceedings of the National Academy of
Sciences 118 (40): €2022218118. https://doi.org/10.1073/pnas.2022218118.

Garibaldi, Ann, and Nancy Turner. 2004. ‘Cultural Keystone Species: Implications for Ecological
Conservation and Restoration'. Ecology and Society 9 (3). https://doi.org/10.5751/ES-00669-
090301.

Garnett, Stephen T., Neil D. Burgess, Julia E. Fa, Alvaro Ferndndez-Llamazares, Zsolt Molnér, Cathy J.
Robinson, James E. M. Watson, et al. 2018. ‘A Spatial Overview of the Global Importance of
Indigenous Lands for Conservation'. Nature Sustainability 1 (7): 369-74.
https://doi.org/10.1038/s41893-018-0100-6.

Gavin, Michael C., Joe McCarter, Aroha Mead, Fikret Berkes, John Richard Stepp, Debora Peterson,
and Ruifei Tang. 2015. ‘Defining Biocultural Approaches to Conservation'. Trends in Ecology
& Evolution 30 (3): 140-45. https://doi.org/10.1016/j.tree.2014.12.005.

Halada, Lubos, Doug Evans, Carlos Romao, and Jan-Erik Petersen. 2011. ‘Which Habitats of
European Importance Depend on Agricultural Practices?' Biodiversity and Conservation 20
(11): 2365-78. https://doi.org/10.1007/s10531-011-9989-z.

Heller, Nicole E., Kelly McManus Chauvin, Dylan Skybrook, and Anthony D. Barnosky. 2023.
‘Including Stewardship in Ecosystem Health Assessment'. Nature Sustainability 6 (7): 731-41.
https://doi.org/10.1038/s41893-023-01096-7.

22



This is the postprint version of “Mattalia, Giulia [et al.]. «Stewardship practices enhance nature's contributions to people». BioScience, Vol. 76, Num. 6
(2026), p. 491-500 DOI 10.1093/biosci/biag047”

Hill, Rosemary, Sandra Diaz, Unai Pascual, Marie Stenseke, Zsolt Molnar, and Julia Van Velden. 2021.
‘Nature's Contributions to People: Weaving Plural Perspectives'. One Earth 4 (7): 910-15.
https://doi.org/10.1016/j.oneear.2021.06.009.

Ibarra, José Tomas, Julian Caviedes, Carla Marchant, Sarah-Lan Mathez-Stiefel, Silvia Navarro-
Manquilef, and Fausto O. Sarmiento. 2023. ‘Mountain Social-Ecological Resilience Requires
Transdisciplinarity with Indigenous and Local Worldviews'. Trends in Ecology & Evolution 38
(11): 1005-9. https://doi.org/10.1016/j.tree.2023.07.004.

Ibarra, José Tomas, Petitpas R., Antonia Barreau Daly, Julian Caviedes, Cortés, J, Gabriel Orrego,
Gonzalo Salazar, and Tomas A. Altamirano. 2022. ‘Becoming Tree, Becoming Memory:
Social-Ecological Fabrics in Pewen (Araucaria Araucaria) Landscapes of the Southern Andes'.
In The Cultural Value of Trees: Folk Value and Biocultural Conservation., Routledge, 15-31.
Abingdon, UK: Wall, J.

Ibarra, José Tomas, Wladimir Riquelme-Maulén, Camila Bafiales-Seguel, Gabriel Orrego, and
Gonzalo Salazar. 2024. ‘While Clearing the Forests: The Social-Ecological Memory of Trees in
the Anthropocene'. Ambio 53 (12): 1783-96. https://doi.org/10.1007/s13280-024-02008-5.

Ingty, Tenzing. 2021. ‘Pastoralism in the Highest Peaks: Role of the Traditional Grazing Systems in
Maintaining Biodiversity and Ecosystem Function in the Alpine Himalaya'. Edited by Bhoj
Kumar Acharya. PLOS ONE 16 (1): e0245221. https://doi.org/10.1371/journal.pone.0245221.

IPBES. 2022. ‘Thematic Assessment of the Sustainable Use of Wild Species of the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services'. Zenodo.
https://doi.org/10.5281/ZENODO.6448567

IPBES (2024). Summary for Policymakers of the Thematic Assessment Report on the Underlying
Causes of Biodiversity Loss and the Determinants of Transformative Change and Options for
Achieving the 2050 Vision for Biodiversity of the Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services. O’Brien, K., Garibaldi, L., Agrawal, A., Bennett, E.,
Biggs, R., Calderdn Contreras, R., Carr, E., Frantzeskaki, N., Gosnell, H., Gurung, J.,
Lambertucci, S., Leventon, J., Liao, C., Reyes Garcia, V., Shannon, L., Villasante, S., Wickson,
F., Zinngrebe, Y., and Perianin, L. (eds.). IPBES secretariat, Bonn, Germany. DOI:
https://doi.org/10.5281/zenodo.11382230

Jaureguiberry, Pedro, Nicolas Titeux, Martin Wiemers, Diana E. Bowler, Luca Coscieme, Abigail S.
Golden, Carlos A. Guerra, et al. 2022. ‘The Direct Drivers of Recent Global Anthropogenic
Biodiversity Loss'. Science Advances 8 (45): eabm9982.
https://doi.org/10.1126/sciadv.abm9982.

Kimmerer, Robin Wall. Braiding sweetgrass: Indigenous wisdom, scientific knowledge and the
teachings of plants. Milkweed editions, 2013.

Lehnen, Lisa, Ugo Arbieu, Katrin Bohning-Gaese, Sandra Diaz, Jenny A. Glikman, and Thomas
Mueller. 2022. ‘Rethinking Individual Relationships with Entities of Nature'. People and
Nature 4 (3): 596—611. https://doi.org/10.1002/pan3.10296.

Levis, Carolina, Bernardo M. Flores, Jodo Vitor Campos-Silva, Nivaldo Peroni, Arie Staal, Maira C. G.
Padgurschi, Wetherbee Dorshow, et al. 2024. ‘Contributions of Human Cultures to
Biodiversity and Ecosystem Conservation'. Nature Ecology & Evolution 8 (5): 866—79.
https://doi.org/10.1038/s41559-024-02356-1.

Levis, Carolina, Bernardo M. Flores, Priscila A. Moreira, Bruno G. Luize, Rubana P. Alves, Juliano
Franco-Moraes, Juliana Lins, et al. 2018. ‘How People Domesticated Amazonian Forests'.
Frontiers in Ecology and Evolution 5.
https://www.frontiersin.org/articles/10.3389/fevo.2017.00171.

Loring, Philip A. 2022. ‘Regenerative Food Systems and the Conservation of Change'. Agriculture and
Human Values 39 (2): 701-13. https://doi.org/10.1007/s10460-021-10282-2.

Loring, P. A. (2020). Finding our niche: Toward a restorative human ecology. Fernwood Publishing.

23




This is the postprint version of “Mattalia, Giulia [et al.]. «Stewardship practices enhance nature's contributions to people». BioScience, Vol. 76, Num. 6
(2026), p. 491-500 DOI 10.1093/biosci/biag047”

Lukawiecki, J. (2024). Cultural Keystone Species as a Pathway for Indigenous-led, Biocultural
Stewardship of Land and Lifeways (Doctoral dissertation, University of Guelph).

Maffi, Luisa, and Ellen Woodley. 2010. Biocultural Diversity Conservation: A Global Sourcebook.
London Washington, D.C: Earthscan. https://doi.org/10.4324/9781849774697.

Manzano, Pablo. 2023. ‘Grazing Research Should Consider Mobility and Governance' Science 378,
eletter.

Markkula, Inkeri, Minna Turunen, and Sirpa Rasmus. 2019. ‘A Review of Climate Change Impacts on
the Ecosystem Services in the Saami Homeland in Finland'. Science of The Total Environment
692 (November):1070-85. https://doi.org/10.1016/j.scitotenv.2019.07.272.

Mattalia, Giulia, Alex McAlvay, Irene Teixidor-Toneu, Jessica Lukawiecki, Faisal Moola, Zemede
Asfaw, Rodrigo Cdmara-Leret, et al. 2024. ‘Cultural Keystone Species as a Tool for Biocultural
Stewardship. A Global Review'. People and Nature, June, pan3.10653.
https://doi.org/10.1002/pan3.10653.

Maxwell, K. H., Ngati Horomoana, T. W. A. H., Arnold, R., Dunn, M. R. (2018). Fishing for the cultural
value of kahawai (Arripis trutta) at the Mota River, New Zealand. New Zealand Journal of
Marine and Freshwater Research, 52(4), 557-576.

McLain, R.J., Melissa R. Poe, Lauren S. Urgenson, Dale J. Blahna, and Lita P. Buttolph. 2017. ‘Urban
Non-Timber Forest Products Stewardship Practices among Foragers in Seattle, Washington
(USA)'. Urban Forestry & Urban Greening 28 (December):36-42.
https://doi.org/10.1016/j.ufug.2017.10.005.

McMichael, C.N., Bush, M.B., Jiménez, J.C. and Gosling, W.D., 2023. Past human-induced ecological
legacies as a driver of modern Amazonian resilience. People and Nature, 5(5), pp.1415-1429.

Menzies, A. K., Bowles, E., McGregor, D., Ford, A. T., Popp, J. N. (2024). Sharing Indigenous values,
practices and priorities as guidance for transforming human—environment relationships.
People and Nature, 6(5), 2109-2125. https://doi.org/10.1002/pan3.10707

Molnar, Zsolt, Yildiz Aumeeruddy-Thomas, Daniel Babai, Sandra Diaz, Stephen T. Garnett, Rosemary
Hill, Peter Bates, et al. 2024. ‘Towards Richer Knowledge Partnerships between Ecology and
Ethnoecology'. Trends in Ecology & Evolution 39 (2): 109-15.
https://doi.org/10.1016/j.tree.2023.10.010.

Molndr, Zsolt, Alvaro Fernandez-Llamazares, Christoph Schunko, Irene Teixidor-Toneu, Ivan Jari¢,
Isabel Diaz-Reviriego, Cosmin lvascu, et al. 2023. ‘Social Justice for Traditional Knowledge
Holders Will Help Conserve Europe's Nature'. Biological Conservation 285
(September):110190. https://doi.org/10.1016/j.biocon.2023.110190.

Moore, S.A., Severud, W.J., Wolf, T.M., Pelican, K., Bauerkemper, J., Carstensen, M. and Windels,
S.K., 2024. Indigenous co-stewardship of North American moose: recommendations and a
vision for a restoration framework. The Journal of Wildlife Management, 88(6), p.e22623.

Mulyoutami, E, HL Tata, YA Silvianingsih, M van Noordwijk. 2023. Agroforests as the intersection of
instrumental and relational values of nature: gendered, culture-dependent perspectives?
Current Opinion in Environmental Sustainability 62:101293.

Mustonen, Tero. 2022. ‘Wild Reindeer as a Keystone Cultural and Ecological Species in the Eurasian
North'. Global Change Biology 28 (14): 4225-28. https://doi.org/10.1111/gcb.16203.

Nabhan, G.P., and J Carr. 1994. ‘Ironwood Ecology and Richness of Perennials in a Sonoran Desert
Biological Reserve.' In [ronwood: An Ecological and Cultural Keystone of the Sonoran Desert,
Occasional Papers in Conservtion Biology 1:9-28.

Ojeda, J, A Salomon, J Rowe, and N Ban. 2022. ‘Reciprocal Contributions between People and
Nature: A Conceptual Intervention | BioScience | Oxford Academic'. 2022.
https://academic.oup.com/bioscience/article-abstract/72/10/952/6638973?login=false.

24



This is the postprint version of “Mattalia, Giulia [et al.]. «Stewardship practices enhance nature's contributions to people». BioScience, Vol. 76, Num. 6
(2026), p. 491-500 DOI 10.1093/biosci/biag047”

Reid, A,, L. Eckert, N. Young, J.-F. Lane, S. Hinch, C. Darimont, S. J. Cooke, N. C. Ban, and A. Marshall.
2021. “Two-Eyed Seeing”: An Indigenous framework to transform fisheries research and
management. Fish and Fisheries 22:243-261.

Reis, Mauricio Sedrez Dos, Ana Ladio, and Nivaldo Peroni. 2014. ‘Landscapes with Araucaria in South
America: Evidence for a Cultural Dimension'. Ecology and Society 19 (2): art43.
https://doi.org/10.5751/ES-06163-190243.

Reo, N.J., Whyte, K.P., McGregor, D., Smith, M.A. and Jenkins, J.F., 2017. Factors that support

Indigenous involvement in multi-actor environmental stewardship. AlterNative: An International
Journal of Indigenous Peoples, 13(2), pp.58-68.

Speziale, Karina L., Sergio A. Lambertucci, Gabriela Gleiser, José L. Tella, Fernando Hiraldo, and
Marcelo A. Aizen. 2018. ‘An Overlooked Plant—Parakeet Mutualism Counteracts Human
Overharvesting on an Endangered Tree'. Royal Society Open Science 5 (1): 171456.
https://doi.org/10.1098/rso0s.171456.

Sterling, Eleanor J., Christopher Filardi, Anne Toomey, Amanda Sigouin, Erin Betley, Nadav Gazit,
Jennifer Newell, et al. 2017. ‘Biocultural Approaches to Well-Being and Sustainability
Indicators across Scales'. Nature Ecology & Evolution 1 (12): 1798-1806.
https://doi.org/10.1038/s41559-017-0349-6.

Tardella, Federico Maria, Alessandro Bricca, Irina Gabriela Goia, and Andrea Catorci. 2020. ‘How
Mowing Restores Montane Mediterranean Grasslands Following Cessation of Traditional
Livestock Grazing'. Agriculture, Ecosystems & Environment 295 (June):106880.
https://doi.org/10.1016/j.agee.2020.106880.

Thornton, Thomas F. 2015. ‘The Ideology and Practice of Pacific Herring Cultivation among the
Tlingit and Haida'. Human Ecology 43 (2): 213-23. https://doi.org/10.1007/s10745-015-
9736-2.

Ticktin, T. 2004. ‘The Ecological Implications of Harvesting Non-timber Forest Products'. Journal of
Applied Ecology 41 (1): 11-21. https://doi.org/10.1111/j.1365-2664.2004.00859.x.

Turner, N J. (ed) (2020) Plants, People, and Places: The Roles of Ethnobotany and Ethnoecology in
Indigenous Peoples' Land Rights in Canada and Beyond. Montreal: McGill-Queen's University
Press.

25



