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ABSTRACT:

Global environmental and societal changes threaten the cultures of Indigenous Peoples and
Local Communities (IPLC). Despite the importance of IPLC worldviews and knowledge
systems to human well-being and biodiversity, risks to these cultural resources are commonly
simplified or neglected in environmental impact assessments, in part because cultural impacts
are often indirect and therefore difficult to demonstrate. Here, we show that dependency of a
culture on the environment can be mapped through human connections with biophysical
elements in their environment. We illustrate a rich variety of cultural values that connect an

indigenous Maori tribe in New Zealand with their local environment, then evaluate the
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26  resilience of this socio-environmental value system to environmental changes. Our results
27  detail how loss of access to key environmental elements can have extensive direct and
28 cascading impacts on multiple facets of indigenous cultural heritage. Consequently,
29  considering only direct effects of environmental change on cultural heritage, or treating the
30 richness of IPLC environmental relations simplistically, can severely underestimate the
31  seriousness of environmental impacts on IPLC culture. Thus, protecting Earth’s cultural and
32  biological diversity requires inclusion of human-environment relationships in environmental

33 impact assessments.
34

35 KEY WORDS: indigenous peoples, local communities, resilience, cultural heritage, socio-
36  ecological systems, networks

37

38 Rapid environmental change and socioeconomic globalization pose significant threats to
39 global biodiversity and cultural heritage (1-4). Of specific concern are Indigenous Peoples
40 and Local Communities (IPLC, i.e. ethnic groups who are descended from, and identify with,
41  the original inhabitants of a given region, in contrast to groups that have settled, occupied or
42  colonized the area more recently). IPLC commonly depend on the local environment and
43  Dbiodiversity for livelihoods, identity, knowledge systems and general wellbeing, among other
44  things (5, 6). Therefore, limiting their ability to adapt to environmental changes may lead to
45  irreversible cultural degradation (7, 8). Furthermore, in addition to being part of humanity’s
46  cultural diversity, IPLC cultural heritage is now increasingly valued in global environmental
47  governance for its rich diversity of approaches for sustainably living with environment (9,
48  10). Hence, cultural degradation may precipitate further environmental degradation (7, 9).
49  Yet, environmental impact assessments and ‘top-down’ decision-making often undervalue

50 threats to IPLC cultural heritage, potentially eroding indigenous and local knowledge systems
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51  (ILK), spiritual connections to land, plants and animals, and food security (11). This omission
52  can arise from difficulties in capturing the myriad ways in which culture can be impacted by
53  changes to the biophysical environment, in particular because the impacts could be indirect.
54

55  Evaluating the dependence of a culture on their local environment or vice versa, and then
56  estimating the culture’s resilience to environmental change, is a complex task (11-14). The
57  connections between culture and environment are complex, localized and adaptable to
58 varying degrees (7, 8, 15). In environmental impact assessments and decision making, the
59 intangible aspects of culture (e.g. values, beliefs) frequently become invisible because of their
60 non-materialistic characteristics (11, 16—18). Consequently, many important considerations
61  for IPLC cultural resilience remain marginalized in environmental impact assessments, while
62  the more easily quantified impacts of environmental change (e.g. financial costs and benefits)
63  become over-emphasized (11, 16, 17). In general, the simplification of cultural heritage in
64  frameworks that assess humanity’s dependence on nature hinder understanding of the
65 multiple ways that humans and environment connect, and the ways in which different
66  cultures express these connections (18). Importantly, a recent study warned that policies or
67  environmental changes that suppress the engagement of IPLC with their environment can
68  trigger self-reinforcing mechanisms that drive degradation or persistent loss of IPLC cultural
69 institutions and knowledge systems (7). It is therefore highly likely that environmental
70  change has both direct (e.g. 19) and indirect impacts on IPLC cultural heritage. While
71  indirect impacts are commonly difficult to detect in complex systems, their role may be
72 significant for understanding resilience (20).

73

74  Here, we investigate relationships between intangible elements of an indigenous culture (its

75  values) and their local biophysical environment. Specifically, we illustrate the complex
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76  connections both among these values, and between values and elements of the biophysical
77  environment. Subsequently, we estimate the degree to which cultural heritage may be
78  degraded by environmental change, including both direct and indirect effects. We adopt a
79  perspective that dependency of a culture on the environment can be understood by mapping
80 and investigating patterns formed by a human community’s connections with biophysical
81 elements in their environment. Connectivity between system elements is a common indicator
82  of resilience: in a highly connected system, impacts in one part of the system can spread
83 rapidly and unconstrained to all or most system elements (21). Such connectivity-based
84  vulnerability has been proposed to exist in diverse systems, such as food webs, ecosystems,
85 social networks, finance systems, global anthropogenic networks and socio-ecological
86  systems (22-27). In a cultural system characterized by high connectivity, environmental
87  perturbation may not be restrained to only part of the cultural heritage, such as knowledge
88 relevant to a specific species; it could influence other cultural practices and knowledge
89  spheres as well. In contrast to this potential vulnerability to spreading perturbation, high
90 connectivity may ensure maintenance of a system: local damage caused by a perturbation
91 may be compensated by “inputs” from interlinked components, leading to repair of the
92  damage through redundancy (21, 26). For example, IPLC knowledge connected to diverse
93  biophysical elements would allow shifting from a declined resource to more abundant ones to
94  maintain culturally important food preparation, harvesting practices and ecosystem
95  stewardship goals (8). Because IPLCs strongly rely on local environments, their cultures may
96 be characterized by tightly integrated cultural and biophysical complexity. Given the
97  potentially detrimental effects of indirect environmental impacts and general system structure
98 on IPLC cultures, we suggest that a simplified view on IPLC socio-ecological complexity
99 (e.g. focus on cultural elements associated with a single species) could provide a narrow

100  understanding of cultural resilience.
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101 The first step to understanding connectivity-based resilience of cultural heritage to
102  environmental change is to map the characteristics of the culture’s socio-ecological
103  complexity and identify its important elements and interactions (21). We first captured a
104 representation of an indigenous values system associated with the community’s local
105  environment. For this purpose, we conducted interviews with Ngatiwai, an indigenous
106  northern tribe of Maori people in New Zealand, to examine 1) the richness of values (cultural
107  complexity) that the community associates with their offshore islands and adjacent marine
108 environment, and ii) the level to which the community associates these values with specific
109 Dbiophysical elements (biophysical complexity of the socio-ecological system), i.e. species,
110  ecosystems, landscape features (e.g. 28, 29) (see Methods). Thus, formation of the socio-
111  ecological system in our study is based on integrating two concepts that describe non-
112 materialistic human-environment relationships. First, human values underlie cultural
113  identities and, to a large part, success of environmental stewardship (16, 30-32). An
114  important category of values that connect people to place are human-environment relational
115  wvalues, i.e. “values linking people and ecosystems via tangible and intangible relationships
116  [...], as well as the principles, virtues and notions of good life that may accompany these”,
117  including e.g. moral and familial responsibility to non-humans (33). Second, some plant and
118 animal species and ecosystem elements (e.g. water, snow) have a direct relevance in people’s
119 lives and identity. Such ‘cultural keystone’ species and elements can be detected in IPLC
120 traditions, genealogy, foods, songs, vocabulary, and cultural activities (14, 34).

121

122 After identifying key values and biophysical elements, we map the connectivity of an
123 indigenous socio-ecological system by conducting thematic analysis on interview data and
124  transforming it into a socio-ecological network, i.e. a system representing connectivity

125  among values and biophysical elements. In the network, connections between nodes represent
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126  dependency or support (the same as in 19). For example, access to land (“land” node in
127  Figure 2) maintains the value of people being connected to their location (PTL in Figure 2),
128  which, in turn, enables harvesting and procurement of customary foods (HAR in Figure 2).
129  Importantly, our network approach allows us to acknowledge that environmental change can
130  have cascading impacts on the culture and interaction with the environment. In so doing, we
131 extend on recent work connecting indigenous knowledge with a component of the
132 environment (19) by also including other connections among and between cultural and
133 Dbiophysical subsystems. Our final objective is to determine the potential for environmental
134  changes to indirectly impact culture within the value system.

135

136 In New Zealand, native plants and animals are under significant pressure from multiple
137  drivers, including climate change, urbanization and introduced species (35). For instance,
138  90% of sea bird species and 80% of shorebird species are either threatened with, or at risk of,
139  extinction (35). Moreover, indicators estimating the health of New Zealand’s ecosystems
140  suggest that several rare ecosystems, especially those in coastal areas, are threatened with
141  environmental tipping points (35). We define a culture’s resilience to environmental change
142  as ability to face environmental change (or societally-driven change in their access to local
143 ecosystems [36]) without degradation or loss of their core values and practices (cf. 37-39).
144  This definition is in accordance with the need of the Ngatiwai tribe to adapt to global
145  environmental change without losing their core identity and values. For the purpose of
146  understanding socio-ecological connectivity from this perspective, we define a “core value
147  system” associated to the Ngatiwai islands as the set of most frequently mentioned values and
148  the strongest co-occurrence of values with other values and biophysical elements in the
149  Ngatiwai interview data.

150
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By illustrating the complexity of cultural heritage linked to local environment, we wish to
strengthen the position of IPLC to demonstrate how the vitality of their culture and ability to
safeguard biodiversity relies on access to, and rights to govern, their local ecosystem
elements. Our study does not aim to deliver deeper knowledge of Maori culture. A scientific
representation of a value system (in our study, networks and verbal definitions) inevitably
includes a reductionist approach to a culture. Rather, we present a scientific tool that enables

IPLC to communicate their cultural dependence on the environment to decision-makers.

Cultural values of the islands and seascape

The rich variety of cultural values that the Ngatiwai tribe associated with the biophysical
elements of their local environment provides a detailed perspective on the multiple ways that
their culture and local environment are connected. In total, our thematic analysis of 24
interviews revealed 22 values associated with the tribe’s relationship with their offshore

islands and seascape (Figure 1, definitions in Supplementary Materials Table S1).
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Figure 1. Values associated with the islands of Ngatiwai. The size of each sector reflects
the relative frequency of each value in conversations around the islands. The value system
associated with the islands reflects meaning, care, connection and responsibility, including
both people-people and people-environment connections. “Other” sector includes:
harvesting (3%), operationalisation (2%), customary economy (2%), western conservation
(2%), physical health (1%), commercial and business (1%), historical activites (1%),
spiritual health (1%), involvement (>1%), normalisation (>1%), mental health (>1%),
recreation (>1%). Definitions of the values are available in Supplementary Materials Table

S1.

Overall, the values that describe Ngatiwai’s relationship with the local environment extended
beyond the immediate benefits of biophysical elements, such as food, conservation status or
aesthetic qualities. The values most frequently associated with the local environment
reflected connections between people, including future generations, connection to place, and
to a lesser extent connection to ancestors (Figure 1). These values were defined by key Maori

cultural concepts such as genealogy (whakapapa), togetherness of people (whanaungatanga),
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185  practice of caring for others (manaakitanga), enduring connection to land and community
186  (matematedone) and identity (ahikaaroa) (Supplementary Materials Table S1). In addition,
187  the stewardship (kaitiakitanga) and biocultural (koeau) values commonly associated with the
188 environment served to emphasize approaches where humans are recognized as an integral
189 and intrinsic part of the environment, influencing the actions made in the service of
190  sustaining the life force (mauri) of the environment and people embedded in it. In so doing,
191  the Ngatiwai human — environment values connect the tribe to their past, future, community
192  and place, which are key components of cultural identity and holding the authority to make
193  decisions about local place and community. The values include both physical and spiritual
194  connections with the islands (cf. 15, 40); Ngatiwai (the name means ‘the people of the sea’)
195 connect strongly to the ocean in their character and genealogy. The least frequently
196  mentioned values were centered around market-based activities (e.g. ecotourism
197  opportunities) and/or preservation-based, western conservation approaches that treat humans
198 as separate from the environment (e.g. islands managed as Nature Reserves that restrict
199  Ngatiwai and public access).

200

201  Furthermore, each value had associations with multiple biophysical elements, suggesting a
202  tightly interconnected socio-ecological system. The Ngatiwai respondents mentioned
203 numerous biophysical elements (n = 41, Supplementary Materials Table S2) in these
204  discussions on the importance of the islands to the tribe and their engagement with, and
205 future aspirations for, the islands. Most values were connected with (i.e. associated with)
206 numerous biophysical elements (16 values with > 20 elements), and the average number of
207  biophysical elements connected to each value was 26 (Supplementary Materials Table S3).
208  These connections were fairly equally distributed among the 41 biophysical elements. The

209  biophysical elements had on average 14 value connections, and over half (29) had 10 or more
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210  values connected to them. Four biophysical elements were associated with all values: sea,
211  fish, land birds and shell fish. The values people to location (38 elements) and governance
212 (37 elements) were associated with almost all biophysical elements.

213

214  Core connections in the socio-ecological network

215

216  For estimating the potential for direct and indirect impacts within this network, we focus on
217  the core of the value system. Degradation or loss of culture’s core values due to
218  environmental change would pose the greatest threat to cultural resilience. The sub-network
219  of strongest connections in the socio-ecological system (hereafter ‘core network’) that
220 emerged from our interview data consists of a subset of 13 values and seven biophysical
221  elements (Figure 2). The biophysical nodes of this core network differ in scale, which differs
222 from the western-science representation of ecological networks (e.g. food webs), where all
223 nodes are typically species rather than a mix of species and habitats. Many core values
224 depend on biophysical elements, as indicated by direct links between value nodes and
225  Dbiophysical elements (Table 1, Figure 2). Note that we purposefully did not choose a priori to
226  extract both biophysical and cultural nodes; rather, we extracted only the strongest network
227  relations (as determined from the interview data) for the core network. The embeddedness of
228  Dbiophysical elements in the core values system provides evidence that several strong
229  connections exist between values and biophysical elements in the Ngatiwai system.
230  Therefore, many core values can be directly and strongly impacted by loss of access to
231  biophysical elements.

232

10
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Figure 2. Core socio-ecological network: interrelatedness of Ngatiwai islands-associated
cultural values and biophysical elements. The square nodes represent values and round
nodes biophysical elements. Pictures on the right provide a representatives images on the
biophysical elements included. The direction of the links represents a supporting relation.
Weights of the links (standardized to 0-1) illustrate the strength of dependency (based on
frequency of co-occurrence in the interview data) between each pair of values or value and
biophysical element. Black link color indicates the strongest links in the core network (> 0.5
link weight). The values are abbreviated as PTA: people to ancestors, PTP: people to people,
PTL: people to location, CON: western conservation, BIO: biocultural, TEA: teaching and

learning process, OPE: operationalization, PRE: prestige, HAR: harvesting, SPI: spiritual

11
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health, GOV: governance, STE: stewardship. Definitions of the values are available in

Supplementary Materials Table S1.

Table 1. Direct supporting connections between values and biophysical elements in the
core network. Biophysical links column shows the number of incoming network links that
each core value receives from biophysical nodes. Several values (eight out of 13) in the core

value system are directly associated with biophysical elements, many (six) of them with more

than one.
VALUE BIOPHYSICAL LINKS
HARVESTING 5
PEOPLE TO LOCATION 5
PEOPLE TO ANCESTORS 3
STEWARDSHIP 3
GOVERNANCE 2
PEOPLE TO PEOPLE 2
BIOCULTURAL 1
PRESTIGE 1
CUSTOMARY ECONOMY 0
OPERATIONALISATION 0
SPIRITUAL HEALTH 0

TEACHING AND LEARNING
PROCESSES

WESTERN CONSERVATION 0

The core network showed strongest dependencies between connection-based values (people
to location, people to ancestors, people to people) and values connected to environmental
governance (prestige, governance, stewardship) (Figure 2). Of value — value dependencies,
connection-based values were linked to self-determination, interdependence and the right to

make decisions about place: stewardship (kaitiakitanga) and governance (tino

12
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260  rangatiratanga). Aligned to these values were, in turn, other values such as prestige and
261  authority (mana) and the inter-generational transmission of traditional knowledge (e.g.,
262  whakaheke korero). Notably, two of the strongest possible connections (black links in Figure
263  2) in the core network include biophysical elements, i.e. links between petrels and customary
264  harvesting, and between sea and the value of connection between people and location. Hence,
265  the biophysical elements and associated dependencies sustain several values that enable the
266  Ngatiwai to practice customary ecosystem management. For example, the practices and
267  processes associated with foods (e.g. Figure 2: land birds) reinforce the customary right to
268 make the decisions about the environment (Figure 2: governance, prestige) but also the way
269  in which the customary management is implemented (Figure 2: stewardship, harvesting). The
270  (inter)dependencies in the core network indicate that loss of access to local biophysical
271  elements could have considerable effects on the culture and well-being of people. Moreover,
272 this change would feed back to influencing the local ecosystems by affecting the ability of the
273 Ngatiwai to manage their environment.

274

275  Potential for direct and indirect impacts of environmental change

276

277  To understand the potential for changes in the biophysical environment to have direct and
278  cascading effects on cultural values, we investigated the direct and indirect connections that
279 individual biophysical elements have in the core value system. In essence, this practice
280 illustrates the cultural niches of each biophysical element. For this purpose, we extracted ego
281 networks (a network approach used in social science [41]) for each biophysical node. Ego
282  networks with path length one from each biophysical node include only value nodes that are
283  directly connected to the biophysical node, i.e. directly dependent on each biophysical node

284  (Figures 3 and 4a). Ego networks with path length two include all nodes within two steps of

13



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 May 2020

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

the focal biophysical node, i.e. indirectly dependent on the biophysical node (Figure 4b,

Supplementary Materials Figure S1).

A striking feature in the ego networks is that perturbation from any biophysical element can
indirectly impact almost the entire core value system (Table 2, Supplementary Materials
Figure S1). In practice, the result means that once the perturbation from an biophysical
element enters the value component of the socio-ecological system, the perturbation can
spread practically unconstrained. Thus, change of access to any of the biophysical elements
included in the core network can cascade ‘rapidly’ (within only two steps) even to values that
are not directly linked to the affected biophysical element. In contrast, if a core network were
characterized by clusters of values with few connections between the value clusters, this
would contain the impacts from the environment to subsets of values (e.g. 23). If only direct
connections between values and biophysical nodes were investigated, using ego networks
with path length one, the risks of environmental change on the Ngatiwai culture seem less
severe. Loss of access to sea, land birds and petrels could have severe effects on their own:
they each affect almost half of the core value system (six values each). In contrast, loss of
access to gardens, fish, land and shellfish would each appear to have a direct degrading effect

on only one or two core values.

14
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Figure 3. Unique niches of biophysical elements in the core value system. Ego networks
illustrate the roles that biophysical elements play in the Ngatiwai core value system. These
networks (with path length one) include only nodes that are directly connected to the focal
biophysical element (in red) and all connections among the included nodes. Black links
demonstrate the strongest links of the core network (link weight > 0.5), such that the linked
elements were most frequently mentioned together during interviews. The values are
abbreviated as PTA: people to ancestors, PTP: people to people, PTL: people to location,
CON: western conservation, BIO: biocultural, TEA: teaching and learning process, OPE:
operationalization, PRE: prestige, HAR: harvesting, SPI: spiritual health, GOV: governance,
STE: stewardship. Definitions of the values are available in Supplementary Materials Table

S1.

Table 2. The number of nodes in each ego network, including the biophysical node. Path
length is the minimum number of links that can separate the biophysical node from other
nodes for them to be included in the biophysical node’s ego network. The number of cultural

values directly dependent on each biophysical node is presented in the Path length: 1

15
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column, and the number of values indirectly dependent on biophysical nodes is presented in

the Path length: 2 column.

PATH PATH
LENGTH: LENGTH:

1 2

SEA 7 12

LAND BIRDS Z 2

PETRELS 6 12

GARDENS 3 10

FISH C =
LAND 2 7

2 10

SHELLFISH

The generic ability of perturbations to cascade across the core network can also be expressed
(to much less detail) by calculating the average path length of the core network, i.e. the
shortest path between all possible pairs of network nodes. The average path length in the core

network is indeed short: 1.63, due to the many connections between the elements (Figure S2).

Finally, the ego network results indicate that the biophysical elements in the core value
system are not substitutable (cf. 42): they have unique cultural niches (i.e. connections to sets
of cultural values; Figure 3). In practice, when access to a biophysical element is lost, the
substituting element (e.g. store-bought food) may not fulfill the entire cultural niche. In this
sense, large environmental impacts on culture can be explained by degradation of the cultural
niche that the biophysical element occupies. Furthermore, since the Ngatiwai values have
connections to multiple biophysical elements, it is more likely that the loss of a biophysical
element would lead to degradation of a value than a loss of it — unless access to several

biophysical elements are lost simultaneously. However, note that, in reality, there may be

16
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340 additional variation in the cultural characteristics of each connection; rather than being
341  binary, as depicted here for simplicity, a biophysical element may contribute unique richness
342  to a specific value to which it is connected. Lastly, value-value connections could, at least
343  partially, contribute to maintenance of values that have lost connections to biophysical
344  elements. For example, when there is awareness of potential impacts of environmental
345  perturbation on culture, a community can purposefully organize activities that maintain their
346  identity and cultural heritage despite environmental change (i.e. strengthen other connections
347  to at-risk values or create new connections to them) (43).

348

349  Joint consideration of biological and cultural resilience

350

351  Our study illustrates in detail the strikingly rich variety of cultural values that an indigenous
352  tribe (Ngatiwai) associate with the biophysical elements of their local environment. The
353  multiple ways that the Ngatiwai culture and environment are connected through human —
354  environment values shape not only the tribe’s relationship with the physical and meta-
355  physical environment, including environmental governance forms, but also their identity and
356 relationships between people in the past, present and future. In line with previous views on
357 the inseparability of IPLC and their land (15, 40, 44), our results demonstrate an indigenous
358  culture based on a tightly woven cultural and biophysical complexity, both in the number and
359  strength of human — environment connections. However, this strong integration of values and
360 biophysical elements also enables environmental changes to produce wide-spread direct
361 impacts on the culture (core value system). Naturally, these changes may also be caused by
362 societal changes that restrict access to, or use of, the environment, such as conservation
363 policies and regulation (36). The strong interdependencies between values, and between

364  values-and-biophysical elements, enable powerful cascading, indirect impacts on the

17
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365  Ngatiwai cultural heritage. In addition, these impacts can influence ecosystems by altering
366 the ability of the tribe to successfully interact with, and manage, the local environment.
367  Similar phenomena likely take place in other IPLC cultures (7). For example, weakened sea
368 ice limits the ability of young Inuit people to learn ice-related traditional ecological
369 knowledge and, in so doing, may limit their ability to care for ice, such as perceiving less
370 need for climate mitigation (8). Consequently, with detailed evidence, our results highlight
371  how ignoring the characteristics of IPLC socio-ecological complexity or evaluating only
372 direct effects of environmental or societal changes on IPLC will provide a narrow
373  understanding of IPLC resilience. Importantly, exclusion of indirect effects can significantly
374  downplay the seriousness of impacts that loss of access to local environment could have on

375 IPLC.
376

377  The importance of understanding direct and cascading effects of environmental perturbation
378  on culture are exemplified by the cultural niche of petrels (Figures 4a, b). Declines in petrel
379  populations (e.g. 45) can reduce a tribe’s ability to engage in a harvesting practice, which
380 over time can erode cultural identity linked to that species, as well as knowledge systems and
381 pathways, and customs and norms (e.g., management strategies, prayer, songs, proverbs).
382  Petrels hold immense value because gifting harvested chicks as food demonstrates caring
383  within the community (manaakitanga), provides identity (ahikaaroa) to tribes with access to
384  this resource, nourishes one’s spiritual essence (wairua), and embodies the authority/ prestige

385  of the individual and/or tribe to care for their natural resources (mana).
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388  Figures 4a and b. The role of grey-faced petrels in Ngatiwai core value system. The direct
389  connections from petrels to values demonstrate the critical role that a species can have in
390  supporting IPLC values (4a). Inclusion of second order connections (path length two) shows
391  that the changes in access to petrels can indirectly affect almost the entire Ngatiwai core
392 value system associated with the islands (4b). Link weights represent the strength of
393  dependency between values. Black links represent the strongest connections in the core
394  network. Definitions for the values are available in Supplementary Materials Table S1.

395

396
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397  Nevertheless, our results should not be interpreted as environmental change having sole
398 power to determine the persistence of IPLC into the future. At best, resilience can be
399 maintained if, when needed, stronger parts of the socio-ecological system can adapt to
400  support the cultural or environmental components under threat at the time (46). For example,
401 reliance on social relations and cultural ties during ecological disruptions can significantly
402  mediate the effects of resource declines in indigenous and local communities (47). Similarly,
403 a community can intentionally revitalize practical cultural activities, such as craft courses,
404 language classes, and food preparation, to “see and act their own way” when access to a
405  cultural keystone species is limited (43). These adaptations likely take place on several scales
406 and interact with each other, such as adapting to local species fluctuations in the framework
407  of global environmental agreements (46). On the other hand, the environmental change -
408 driven processes that erode resilience of IPLC cultures may be further amplified by
409  associated socioeconomic changes (e.g. 44), such as purchasing resources from supermarkets
410 instead of achieving them through local harvest or community trade. Therefore, institutional
411  and economic support that fit the local ecological and social context can make a significant
412  difference by not restricting IPLC adaptive strategies and capacity to organize their
413 institutions and livelihoods (44, 48, 49). In consequence, environmental impact assessments
414  and solutions must include joint consideration for biophysical and cultural resilience, in
415  which the inseparability of people and environment is seen as an exchange and process (cf. 7,
416 15, 40).

417

418 To the authors’ knowledge, this is the first study to use network science to link cultural
419 values and biophysical elements together. To validate our depictions, our results were
420 presented back to the Ngatiwai Kaumatua (Elder) Committee for consideration and were

421  approved for release. However, we acknowledge that, despite our best attempts, our work
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422  includes a degree of cultural simplification. We recognise that an immense depth of different
423  understandings and perceptions lie within each of the value groups identified in this study.
424  Our approach also treats human values as separate entities, although boundaries between
425  values reflecting identity, spirituality, culture and environment may be blurred (16, 50)
426  (though our conclusion that these many facets of culture can be collectively impacted would
427  still hold). Further, our approach strives to verbally describe multi-faceted cultural concepts,
428 potentially including misinterpretations (51). Nevertheless, our work provides an initial
429  attempt to illustrate in detail some of the intangible elements of IPLC culture associated with
430 local environment in a way that enables improved communication with decision-makers on
431  the scale of cultural erosion risk. The network approach adopted here provides tremendous
432  potential for more in-depth inclusion of IPLC cultural aspects into environmental impact
433  assessments and decision-making.

434

435  As diverse worldviews create differences in how cultures understand value and connect to the
436  environment, building socio-ecological resilience to on-going, unprecedented environmental
437  change will require impact assessments and policies that acknowledge the importance of
438  human values, beliefs, identities and thoughts in environmental management (11, 18, 52). In
439  conclusion, our study shows that integrating and understanding the relations between IPLC
440  cultural heritage and biophysical elements is critical for understanding the full impacts of
441  environmental change on human well-being and ability to care for the environment. In so
442  doing, we demonstrate that the ability of many IPLC to sustainably live in close contact with
443  the environment is strongly supported by constant interaction with nature. Safe-guarding the
444  world’s biodiversity and cultural diversity for future generations thus requires environmental
445  governance strategies that support the rich relations that many IPLC have with environment.

446  For cultures that have become decoupled from their environments, it could also involve a
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reawakening of values that resets their relationship with the natural world and the community

around them.

SUPPLEMENTARY INFORMATION is available on [journal online link].
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472  This study builds on a 20-year research partnership between Ngatiwai and Manaaki Whenua
473  Landcare Research and was conducted under the approval and directorship of the Ngatiwai
474  Kaumatua (Elders) Committee and the Ngatiwai Trust Board. Terms and conditions for
475  conducting the research were agreed between parties as per Cultural Safety Agreement
476  (16/04/29) and Manaaki Whenua — Landcare Research Human Ethics Permit.

477

478  Study context

479  The islands of Ngatiwai in New Zealand have extensive historical features and occupation
480  sites associated with the tribe. While there are few signs of fortifications, stone-faced
481  terracing, platforms and extensive agricultural structures (e.g., stone rows, mounds, and
482  walls) are present. These northern islands contain a diverse biota and an indigenous flora that
483 s no longer present on the New Zealand mainland. Many of the islands are nature reserves
484  and ranked as internationally significant because of rare and endangered fauna and flora and
485  local endemics that occur naturally or have been translocated to these sites [e.g., little spotted
486  kiwi (Apteryx owenii), kakapd (Strigops habroptilus), red crowned parakeet—kakariki
487  (Cyanoramphus novaezelandiae), kaka (Nestor meridionalis), Bullers shearwater (Ardenna
488  bulleri), pycroft petrel (Pterodroma pycrofti), tuatara (Sphenodon punctatus punctatus),
489  skinks (e.g., Marbled skink, Oligosoma oliveri), geckos (e.g., Duvaucel’s gecko,
490  Hoplodactylus duvaucelii), native land snail species (Amborhytida tarangaensis)].

491

492  Interviews

493  Around 5,667 people affiliate to the northern coastal tribe of Ngatiwai by descent (53). We
494  conducted interviews with 6 women (mean age: 66 years, range: 40—88 years) and 18 men
495 (mean age: 66 years, range: 50—80 years) of Ngatiwai descent. Seven interviews were

496  conducted with two or more participants present at each. Interview participants were
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497  community members identified as having lived most of their lives along the coast and
498  consequently had extensive knowledge relating to the islands and coastal environments or
499  had management experience with the islands. Interviews were conducted in a semi-directed
500 fashion to allow for a more open and natural conversation to occur, and for unanticipated
501 insights to emerge (54, 55). IPLCs often illustrate their values in stories and activities,
502  including narratives on how oneself is seen within the place (51). Questions were focused
503 around the importance of the islands to the people, how people historically and currently
504  engage with the islands, and future aspirations for the islands and the Ngatiwai’s relationship
505  with those islands. Since all interviewees spoke English as either a first or second language,
506 all interviews were conducted primarily in English, took place between November 2017 and
507 March 2018, and ranged between one and two hours in length. All interviews were recorded
508  on digital audio and transcribed verbatim.

509

510 Interview coding

511 A Ngatiwai cultural values framework revised from (56) was developed (Supplementary
512  Materials Table S1). Nine primary values served as the primary values in our coding
513  protocol (protocol coding; [56]) and secondary values were coded under the primary values
514  (57). For each interview, two of the co-authors (PL and CS) independently coded
515 assemblages of secondary values to sections of narrative they perceived related to a specific
516 theme. Biophysical elements mentioned within each section of narrative were also recorded.
517 The two co-authors were selected for this task based on their professional and personal
518  experience with the islands and Ngatiwai community. Prior to coding, agreement around the
519 understanding of values and how they should be assigned to interview text was achieved
520 between the two co-authors (58, 59). For this, a single transcript was independently coded

521  and then a discussion between PL and CS around inconsistencies provided an opportunity to
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522  refine the values definitions before a second transcript was coded. A second transcript was
523  then coded by the same two co-authors. Any remaining inconsistencies were discussed until a
524  consensus around all the codes was reached.

525

526  Network construction and analysis

527  Quantification of relational values allows identification of core values shared in a culture and
528 improved communication of the values (60, 61). A network approach was chosen for
529 studying the value system because we detected in the interview data that the values were
530 highly interrelated. The Ngatiwai respondents frequently alluded to values in association
531  with, and supported by, other values (in agreement [14, 56]). For example, expressing and
532  experiencing environmental stewardship (kaitiakitanga) or connection with place and
533  ancestors was enabled by having the prestige (mana), to make decisions about place.

534

535  We considered the frequency of values in the interview data to be the most direct indicator of
536  which values are most recurrently associated with the islands (cf. 62). The values most
537 commonly associated with the islands (Figure 1) thus presents the relative frequency of
538 wvalues in the interview data. Similarly, we used repetitive associations between the values
539  and values and biophysical elements in the interview data to capture relationships among the
540 values and between the values and biophysical elements. In practice, the frequency with
541  which two elements (values, biophysical elements) were discussed together in the interviews
542  was used as a measure of the strength of the relationship between the elements. The direction
543  of the relationship represents dependency of one element on another. For example, the
544  interviewee may have explained that harvesting food on the islands strengthens their sense of
545  connectivity to ancestors and identity. We then transformed the detected assemblages of

546  values and biophysical elements, and their relationships, into a network. The resulting socio-
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547  ecological network is a directed, weighted two-mode co-occurrence network, in which nodes
548  represent values or biophysical elements. Connections between biophysical nodes are not
549  included.

550

551 The interview data resulted in a network of 110 nodes, including 22 value nodes and 41
552  biophysical nodes (Supplementary Materials Table S2). The weights of the links varied from
553  one to 142 and were standardized to values 0 - 1. The coding method resulted in a highly
554  connected network (261 links) of which some connections were acknowledged only once or
555  few times. To study the core dependencies in the islands-related value system, we extracted a
556 network that consisted of only the strongest 5% of co-occurrence links (hereafter, core
557  network), and removed all the nodes that were not connected to these strongest links
558  (Supplementary Materials Table S4). The resulting network, which was used in the structural
559  analyses, consisted of 20 nodes, including 13 value node and seven ecosystem nodes, and 73
560 links. All network analyses were performed using the iGraph package in the R programming
561 environment (63, 64). Random networks for Figure S2 were produced using Erdds-Rényi
562  randomisation adapted to two-mode networks. That is, the probability of a link being formed
563 is calculated by dividing the number of links in the observed network by the product of the
564  numbers of primary and secondary nodes in the observed network (65). The binary two-mode
565  network randomization and calculation of average path lengths for random networks and the
566  core network was performed with the tnet package in the R programming environment (66).
567

568  Data availability

569  All interview data are the property of Ngatiwai, but held by Manaaki Whenua Landcare
570  Research and Stone Consultancy. The adjacency matrix used in network analysis is available

571  from PO’BL upon reasonable request, with permission from Ngatiwai Trust Board.

26



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 May 2020

572 REFERENCES
573 1. Isbell F, et al. (2017) Linking the influence and dependence of people on biodiversity
574 across scales. Nature 546(7656):65-72.

575 2. Young OR, et al. (2006) The globalization of socio-ecological systems: An agenda for

576 scientific research. Glob Environ Chang 16(3):304-316.
577 3. Johnson CN, et al. (2017) Biodiversity losses and conservation responses in the
578 Anthropocene. Science 356(6335):270 LP — 275.

579 4. Diaz S, et al. (2019) Pervasive human-driven decline of life on Earth points to the need

580 for transformative change. Science 366(6471). doi:10.1126/science.aax3100.

581 5. Harmon D (1996) Losing species, losing languages: connections between biological
582 and linguistic diversity. Southwest J Linquistics 15:89-105.

583 6. IPBES (2019) Summary for policymakers of the global assessment report on

584 biodiversity and ecosystem services of the Intergovernmental Science-Policy Platform
585 on Biodiversity and Ecosystem Services. S. Diaz, J. Settele, E. S. Brondizio E.S., H. T.
586 Ngo, M. Guéze, J. Agard, A. Arneth, P. Balvanera, K. A. Brauman, S. H. M. Butchart,
587 K. M. A. Chan, L. A. Garibaldi, K. Ichii, J. Liu, S. M. Subramanian, G. F. Midgley, P.
588 Miloslavich, Z. Molnér, D. Obura, A. Pfaff, S. Polasky, A. Purvis, J. Razzaque, B.
589 Reyers, R. Roy Chowdhury, Y. J. Shin, L. J. Visseren-Hamakers, K. J. Willis, and C.
590 N. Zayas (eds.). IPBES secretariat, Bonn, Germany. 56 pages.

591 (IPBES secretariat, Bonn).

592 7. Lyver POB, Timoti P, Davis T, Tylianakis JM (2019) Biocultural Hysteresis Inhibits
593 Adaptation to Environmental Change. Trends Ecol Evol 34(9):771-780.

594 8. Ford JD, McDowell G, Pearce T (2015) The adaptation challenge in the Arctic. Nat
595 Clim Chang 5(12):1046—1053.

596 9. Garnett ST, et al. (2018) A spatial overview of the global importance of Indigenous
597 lands for conservation. Nat Sustain 1(7):369-374.

598 10. Berkes F (2018) Traditional knowledge comes of age. Sacred Ecology (Routledge,

599 New York), pp 23-55. 4th Ed.

27



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 May 2020

600 11. Chan KMA, et al. (2012) Where are Cultural and Social in Ecosystem Services? A
601 Framework for Constructive Engagement. Bioscience 62(8):744-756.

602 12. Adamowicz W, et al. (1998) In search of forest resource values of indigenous peoples:
603 Are nonmarket valuation techniques applicable? Soc Nat Resour 11(1):51-66.

604 13. Venn TJ, Quiggin J (2007) Accommodating indigenous cultural heritage values in
605 resource assessment: Cape York Peninsula and the Murray—Darling Basin, Australia.
606 Ecol Econ 61(2):334-344.

607 14. Lyver POB, et al. (2017) Key Maori values strengthen the mapping of forest

608 ecosystem services. Ecosyst Serv 27:92—-102.

609 15. Muir C, Rose D, Sullivan P (2010) From the other side of the knowledge frontier:

610 Indigenous knowledge, social-ecological relationships and new perspectives. Rangel J
611 32(3):259-265.

612 16. Harmon D (2004) Intangible values of protected areas: What are they? Why do they
613 matter? George Wright Forum 21(2):9-22.

614 17. Daniel TC, et al. (2012) Contributions of cultural services to the ecosystem services
615 agenda. Proc Natl Acad Sci U S A 109(23):8812-8819.

616 18. Diaz S, etal. (2018) Assessing nature’s contributions to people. Science

617 359(6373):270 — 272.

618 19. Camara-Leret R, Fortuna MA, Bascompte J (2019) Indigenous knowledge networks in
619 the face of global change. Proc Natl Acad Sci 116(20):9913 LP — 9918.

620 20. Estes JA, etal. (2011) Trophic downgrading of planet Earth. Science 333(6040):301—
621 6.

622 21. Biggs R, Schliiter M, Schoon ML eds. (2015) Principles for Building Resilience

623 (Cambridge University Press, Cambridge, UK).

624 22. May RM, Levin SA, Sugihara G (2008) Complex systems: ecology for bankers.

28



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 May 2020

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Nature 451(7181):893-895.

Stouffer DB, Bascompte J (2011) Compartmentalization increases food-web
persistence. Proc Natl Acad Sci U S A 108(9):3648-52.

Helbing D (2013) Globally networked risks and how to respond. Nature
497(7447):51-59.

Rocha JC, Peterson G, Bodin O, Levin SA (2018) Cascading regime shifts within and
across scales. Science 362(6421):1379-1383.

Scheffer M, et al. (2012) Anticipating Critical Transitions. Science 338(6105):344—
348.

Borgatti SP, Mehra A, Brass DJ, Labianca G (2009) Network analysis in the social
sciences. Science 323(5916):892-5.

Burmil S, Daniel TC, Hetherington JD (1999) Human values and perceptions of water
in arid landscapes. Landsc Urban Plan 44(2-3):99-109.

Adams M (2014) Pukulpa pitjama Ananguku ngurakutu - Welcome to Anangu land:
World Heritage at Uluru-Kata Tjuta National Park. World Heritage Sites and
Indigenous Peoples’ Rights, eds Disko S, Tugendhat H (IWGIA, Forest Peoples
Programme and Gundjeihmi Aboriginal Corporation, Copenhagen), pp 289-311.
Chan KMA, et al. (2016) Why protect nature? Rethinking values and the environment.
Proc Natl Acad Sci U S A 113(6):1462—1465.

Ives CD, Kendal D (2003) The role of social values in the management of ecological
systems. J Environ Manage 12(4):206-216.

Hulme M (2020) One Earth, Many Futures, No Destination. One Earth 2(4):309-311.
Klain SC, Olmsted P, Chan KMA, Satterfield T (2017) Relational values resonate
broadly and differently than intrinsic or instrumental values, or the New Ecological

Paradigm. PLoS One 12(8):1-21.

29



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 May 2020

650 34. Garibaldi A, Turner N (2004) Cultural keystone species: Implications for ecological
651 conservation and restoration. Ecol Soc 9(3). doi:10.5751/ES-00669-090301.

652 35. Ministry for the Environment & Stats NZ (2019) New Zealand’s Environmental

653 Reporting Series: Environment Aotearoa 2019.

654 36. Lyver POB, Tylianakis JM (2017) Indigenous peoples: Conservation paradox. Science
655 357(6347):142 LP — 143.

656 37. Holling CS (1973) Resilience and stability of ecological systems. AnnuRevEcolSyst
657 4:1-23.

658 38. Folke C (2016) Resilience. Oxford Res Encycl Environ Sci (December).

659 doi:10.1093/acrefore/9780199389414.013.8.

660 39. Berkes F, Jolly D (2002) Adapting to climate change: Social-ecological resilience in a
661 Canadian western arctic community. Ecol Soc 5(2). doi:10.5751/es-00342-050218.
662 40. Ferguson J, Weaselboy M (2020) Indigenous sustainable relations: considering land in
663 language and language in land. Curr Opin Environ Sustain 43:1-7.

664 41. Prell C (2012) Social network analysis (SAGE publications Ltd, London).

665 42.  Yletyinen J, Hentati-Sundberg J, Blenckner T, Bodin O (2018) Fishing strategy

666 diversification and fishers’ ecological dependency. Ecol Soc 23(3):28.

667 43.  Stephens S (1995) “Cultural fallout” of Chernobyl in Norwegian Sami regions:

668 implications for children. Children and the Politics of Culture (Princeton Academic
669 Press, New Jersey), pp 293-317.

670 44. Forbes BC, et al. (2009) High resilience in the Yamal-Nenets social-ecological system,
671 West Siberian Arctic, Russia. Proc Natl Acad Sci U S 4 106(52):22041-22048.

672 45. Lyver PO, Ngamane, Davis J, Anderson A, Clarkin P (2008) Hauraki Maori

673 matauranga for the conservation and harvest of tit1 (Pterodroma macroptera gouldi).

674 Pap Proc R Soc Tasmania 142:149-159.

30



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 May 2020

675 46. Yletyinen J (2019) Arctic climate resilience. Nat Clim Chang (9):805-806.

676 47. Baggio JA, Burnsilver SB, Arenas A, Magdanz JS, Kofinas GP (2016) Multiplex

677 social ecological network analysis reveals how social changes affect community
678 robustness more than resource depletion. Proc Natl Acad Sci U S A 113(48): 13708-
679 13713

680 48. Broderstad EG, Eythorsson E (2014) Resilient communities? Collapse and recovery of
681 a social-ecological system in Arctic Norway. Ecol Soc 19(3):1.

682 49. Nilsson A, Olsson M, Wilkinson C (2012) Arctic resilience report Available at:

683 http://www.arctic-council.org/arr/documents/ipyposter.pdf.

684 50. Helander-Renvall E (2010) Animism, personhood and the nature of reality: Sami

685 perspectives. Polar Rec (Gr Brit) 46(1):44-56.

686 51. English AJ, Lee E (2004) Managing the Intangible. Georg Wright J Park Prot areas
687 Cult Sites 21(2):23-33.

688 52. Ives CD, Freeth R, Fischer J (2019) Inside-out sustainability: The neglect of inner
689 worlds. Ambio 49(1):208-217.

690 53.  Stats NZ Tatauranga Aotearoa (2020) The New Zealand census of population and
691 dwellings 2013. Available at: http://archive.stats.govt.nz/Census/2013-census.aspx.
692 54. Huntington HP (2000) Using Traditional Ecological Knowledge in Science: Methods
693 and Applications. Ecol Appl 10:1270-1274.

694 55. Telfer WR, Garde MJ (2006) ). Indigenous Knowledge of Rock Kangaroo Ecology in
695 Western Arnhem Land, Australia. Hum Ecol:379—406.

696 56. Lyver POB, et al. (2016) Key biocultural values to guide restoration action and

697 planning in New Zealand. Restor Ecol:314-323.

698 57. Corbin JM, Strauss AL Basics of qualitative research: techniques and procedures for

699 developing grounded theory (Calif: Sage Publications, Inc., Los Angeles). 3rd Ed.

31



Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 May 2020

700

701

702

703

704

705

706
707
708
709
710
711

712

713

714

715

716

717

718

719

720

58.

59.

60.

61.

62.

63.

64.

65.

66.

Guest G, Bunce A, Johnson L (2006) How Many Interviews Are Enough?: An
Experiment with Data Saturation and Variabilit. Field methods 18(1):59-82.

Harry B, Sturges J, Klinger J (2005) Mapping the process: An exemplar of process and
challenge in grounded theory analysis. Educ Res 34:3—13.

Schulz C, Martin-Ortega J (2018) Quantifying relational values — why not? Curr
Opin Environ Sustain 35(October):15-21.

Tew ER, Simmons BI, Sutherland WJ (2018) Quantifying cultural ecosystem services:
disentangling the effects of management from landscape features. People

Nat. 2019; 1: 70— 86.

Ryan GW, Bernard HR (2003) Techniques to Identify Themes. Field methods
15(1):85-109.

Csardi G, Nepusz T (2006) The igraph software package for complex network

research, Interjournal, Complex Systems 1695. http://igraph.org.

R Core Team (2018) R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-
project.org/.

Opsahl T (2013) Triadic closure in two-mode networks: Redefining the global and
local clustering coefficients. Soc Networks 35(2):159-167.

Opsdahl T (2009) Structure and Evolution of Weighted Networks. Dissertation
(University of London (Queen Mary College). London, UK.

http://toreopsahl.com/publications/thesis/.).

32



