Indigenous Peoples’ knowledge systems and practices for climate survival

Supplementary Information

Supplementary Methods
Research design and data collection
Conservation International’s Institutional Review Committee (IRC) reviewed and approved the involvement of human subjects in this research project. Based on that approval, we developed a questionnaire that was shared with three anonymous Indigenous experts for input. The final set of questions is included in supplemental Table 1. The questionnaire includes both open-ended questions and survey questions with binary or multiple options for responders to choose. We then reached out to over 100 Indigenous and traditional community experts and interviewed those who responded to our requests. The interviewees were identified through Conservation International’s Indigenous Fellows programs and networks as well as through personal connections and recommendations of interviewees (‘snowball sampling’ approach). Almost half of the people we contacted agreed to share their insights for the study. Upon receiving verbal (n= 27) or written consent (n=22) from the interviewees, we conducted semi-structured interviews with Indigenous experts who (1) have a direct connection to their lands and territories and/or (2) are active in the fields of climate change and Indigenous rights and could speak to their peoples’ traditional practices on their lands. 
The geographic breakdown of interviewees was: 18 from Latin America and the Caribbean, 14 from Asia, 6 from North America, 4 each from Africa and Oceania, and 3 from Europe (including 2 from Russia). Their territories – both recognized and unrecognized – can be found within 27 nation-states (Supplemental Fig. 1). All interviewees self-identified as Indigenous, except for one who self-identified as a traditional community member. To keep personal information truly secure and anonymized according to Internal Review Committee recommendations, we did not collect demographic information about interviewees (age or gender), though we observed a wide range of ages and relative gender parity (about 44% of respondents were women). 
Interviews were conducted from April 2022 to January 2023 by the co-authors of this study and one additional collaborator. We conducted five interviews in person, and the remaining were done remotely via phone or video chat (Microsoft Teams and Zoom). Interviewers read each question and took notes on the answers in Microsoft Forms.
Data analysis
Interviews were conducted in English, Spanish, Portuguese, Tagalog, and Nepali, recorded, and (if needed) translated to English by a professional translation company. Following the interviews, the research team re-listened to the recordings to confirm the answers in Microsoft Forms and to capture direct quotes within the open-ended questions. The original responses to open-ended questions from 49 semi-structured research interviews with Indigenous experts were subjected to inductive thematic analysis (Burnard et al. 2008; Javadi and Zarea 2016; Naeem et al. 2023). The thematic analysis involves pattern recognition within the data and includes the identification of core themes that emerge from a deep and iterative reading of the data (Fereday and Muir-Cochrane 2006). With the Inductive thematic approach, the themes emerge from the data themselves rather than from a predetermined (Malterud et al. 2016). This analysis included steps of (1) data familiarization: reading and re-reading the interview responses to specific questions, (2) identification of keywords or phrases, (3) coding: shortening the identified keywords and phrases while capturing the core, recurring message or theme of the responses, (4) grouping similar or overlapping codes or categories to reduce in number, and (5) theme development: organizing codes into meaningful groups to identify broader themes. The results of the thematic analysis were viewed alongside the data from the multiple-choice and binary questions to pull out key themes and examples of trends apparent from the quantitative data. No coding software was used to conduct the analysis. The majority-Indigenous research team interpreted the results from this collection of interviews and iterated on their meaning, adding a depth of first-hand experience to the findings.

Research Considerations
Here we provide additional information on our methodological approach to the following topics: definition of Indigenous knowledge systems in interviews, sample size, bias, flexible approach to interviews, treatment of sensitive information, individual versus collective experience captured in interviews, feedback sessions with Indigenous experts, and the causality of observed changes.

Definition of Indigenous knowledge systems in interviews
We recognize that Indigenous knowledge systems, including Traditional Ecological Knowledge (TEK) are defined in multiple ways. As emphasized by the previous work (van Bavel et al. 2022), we “note that Indigenous Peoples have the right to define TEK as they understand and engage with their own knowledge”. Similarly, for this study, we do not define TEK, rather our interview questions and processes were meant for Indigenous experts to define them as they understood them in the context of climate change.

Sample size
While no uniform numerical guidelines for sample size in qualitative analysis exist (Staller 2021), our sample size (n=49) is in line with the sample size range for in-depth interviews recommended or employed by published qualitative research in diverse disciplines (Fugard and Potts 2015; Hagaman and Wutich 2017). We considered elements included in the information power concept which suggests that the sampling size depends on “(a) the aim of the study, (b) sample specificity, (c) established theory, (d) quality of dialogue, and (e) analysis strategy” i.e. “the more information the sample holds, relevant for the actual study, the lower amount of participants is needed” (Malterud et al. 2016). Our study captured diverse but nuanced experiences and perspectives of the Indigenous experts across many different regions globally, and the small but purposive sampling allowed us to have deeper conversations and reflection in identifying underlying meanings and themes focused on how and why Indigenous lands are nature-positive. Our goal was not to have a large sample size, but rather do in-depth interviews with experts across many different regions globally. The sample size was also limited by respondents’ ability to connect via phone or internet, and by our own network. For example, we were able to interview more people in Amazonia due to the co-authors’ connections in that region.
Addressing interview bias
Five members of the research team identify themselves as Indigenous. Some of the interviewees were part of the researcher’s community group and network. Because interviewees were recruited based on already established relationships and then through the ‘snowball’ technique, most respondents had some relationship to the interviewer. This helped to make interviewees comfortable and minimize the power imbalance inherent to an interview setting, where one person is asking questions and the other is answering. It may also have introduced some bias since the interviewer was sometimes familiar with the person or their community’s land before coming to the conversation. To minimize bias, we employed structured interviews with standardized questions, asking the same questions in the same order to all respondents. We also interviewed individuals from diverse groups of the Indigenous community (e.g., both elders and youth, different positions within the community) to reduce personal biases and to objectively assess the responses. 
Because most interviews were conducted by phone or video chat, there was also a bias towards people who have access to the internet. This was a bias we were willing to ‘trade-off’ for the advantages of being able to speak to people in diverse regions of the world without traveling. Five interviews were conducted in person in the context of an interviewer’s personal visit to their territory and attendance at a regional conference on Indigenous issues.
Flexible approach to interviews
Our Methods for conducting the interviews with Indigenous experts required a flexible approach. Interview times ranged from 30 minutes to over three hours, averaging about 90 minutes. Though we tried to maintain objectivity and ask the questions as written, sometimes the ‘wall’ between interviewer and interviewee was breached in human moments, especially when discussing loss of land, culture, or life. We also found that a few subjects, such as migration of young people from Indigenous territories, came up again and again in interviews and required more space for discussion than we had originally included in our set of questions. Our flexible approach to data collection helped put interviewees at ease and we believe it improved the detail and quality of the results. We began the interviews by re-iterating the purpose of the study and asking for consent (even when it had already been granted via our consent form), and by asking their interviewee about themselves and their territory, rather than diving straight into the questionnaire. The interviewees were provided options to also contact the interviewer anytime to delete information from the record or withdraw from the interview during or after the interviews were completed.
Treatment of sensitive information
To provide a safe space for interviewees to speak freely and to avoid the inclusion of politically and culturally sensitive information that may arise during the conversation and negatively impact the interviewees if included in the study, we explicitly asked our experts: “Is there any information you shared today that is culturally sensitive and hence needs to be deleted from the record? (If you think of anything later, you may contact me at any time.)” (Question 45 of 45) (Supplemental Table 1). 
Recognizing that some knowledge is sacred, general names and places of sites, resources, practices, etc. are included only if they were shared by interviewees. For instance, the Palawan respondents mentioned “congregation of certain stars” as a sign of “prolonged drought”, the information on which or what “stars” were not provided and treated as sacred knowledge by not probing deeper during the interviews.
We anonymized the information collected, which was housed in a secure site of Conservation International that requires unique logins and passwords to access. While we quote the Indigenous experts in the results and highlight their voices, in some instances, we did not attribute the direct quotes or results to a group or community upon request from the experts to further protect their identity. Upon the completion of the research in 2026, we will permanently and securely destroy all the original notes and electronic records of the interviews in compliance with the Data Management Plan of Conservation International.  
Individual versus collective experience captured in interviews
Traditional knowledge is not uniform and can vary substantially even within a community (Alexander et al. 2011) (for example, between men and women) (Shephard et al. 2023) and from one individual to another. The information we documented from individual experts may be different from the collective community’s perspective. All experts were speaking in their personal capacity as individual members of their community and not on behalf of the community, although some interviewees did offer more generalized insights based on their role as a leader. Though findings should not be extrapolated to populations other than those from whom a sample is drawn, the common threads across vast geographies reflect the collected worldviews of many Indigenous Peoples and align with other research that shows Indigenous Peoples globally are impacted by climate change (Reyes-García et al. 2024). 
Interestingly, one interview within this collection was conducted with four people, from two different Indigenous groups from the same territory, who wanted to be interviewed together. We accommodated this request and count this interview as a singular perspective from that territory, with question responses decided collectively by the four experts.
Feedback sessions with Indigenous experts	
Inclusions of the interviewees as ‘experts’ within the research project rather than ‘subjects’ was an important part of our approach. Prior to drafting the manuscript, all interviewees were invited to result sharing and feedback sessions summarizing the results from the collection of interviews. We held three virtual sessions between August 23rd and August 28th 2023 with two sessions offered in English and one in Spanish. One of the authors held sessions in person with three experts in Tagalog at the end of January 2024. Seventeen people (34% of interviewees) attended these sessions, which provided further insight into the results and illuminated a few additional trends that are highlighted in the discussion section. 
Causality of observed changes
The compiled knowledge includes an understanding of climate-related changes as perceived to be caused by climate change by the individual interviewees. While we asked questions on changes observed and experienced due to climate change and anthropogenic stressors separately in our interviews, we must acknowledge that we cannot be certain that the changes observed and experienced by our interviewees are attributable to only climate change or only anthropogenic stressors alone. In the case of Indigenous knowledge and practices, such difficulty in discerning the impact of climate change from other agents of change has also been pointed out by other researchers (Reyes-García et al. 2024). 
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	Supplementary Figure S1: Location and territories of interviewees. Each Indigenous expert we interviewed is represented by a purple dot on the map. Their territories were within 27 nation-states, outlined in black on the map. Within these countries represented in our study, the blue shaded areas are Indigenous and traditional lands that are recognized i.e., “recognized in law,” and the orange shaded areas are not recognized lands, i.e., “not recognized in law” (LandMark 2020). Data on recognized and not recognized Indigenous and community lands are available for 34 countries (LandMark 2020), shown here. The places without the blue or orange shading are where spatial data is lacking, it does not mean the absence of Indigenous or traditional communities.



	

	Supplementary Figure S2: Most common ways Indigenous and traditional peoples care for their lands, out of 49 interviewees. Responses were summarized into overarching categories, with many respondents citing more than one strategy for land stewardship. 



Supplementary Table S1: Questionnaire used to interview Indigenous experts.
	Questions
	Responses
 

	1. Interview Identification Number (for anonymity of the IP expert)
	 

	2. Region
	Africa
	Asia
	Europe
	Latin America and the Caribbean
	North America
	Oceania

	3. Country
	 

	4. Location within country (region or name of territory)
	 

	5. Self-Identification (Nation/Group/Community)
	 

	6. Role in community 
	 

	7. Could you describe your community land and territory?
	 

	8. Is this land collectively used by your community?
	Yes
	No

	9. Who legally owns this land?  (please select appropriate answer)
	Government
	Communities
	Private
	Other
 

	10. Who makes decision regarding this land? (please select the appropriate answer)
	Government
	Community 
	Individuals
	Companies
	Other

	11. What is the overall migration trend for your community?  (please select the appropriate answer)
	Increasing
	Decreasing
	Not changing
	I'm not sure

	12. Do you see yourself living on your community land in the future?
	Yes 
	No
	I'm not sure
	Other

	Community land use practices and planning for the future
 

	13. How does your community use land?
	 

	14. Does your community have rules about land use? 
	 

	15. How do people know the rules?
	 

	16. Do members of your community use the land in different ways? If so, how?
	 

	17. Do you see these land uses as positive or negative? Please explain.
	 

	18. Do you have plans put in place to take care of your land?
	Yes
	No

	19. [If yes] What are your or your community's plans to take care of your land?
	 

	20. What do you do to take care of your community land currently?
	 

	21. Are there areas set aside for special use and cultural practices? 
	Yes
	No

	22. [If yes] Can you list the areas set aside for special use and cultural practices?
	 

	23. What practices /knowledge connected to your land do you pass on to sustain your way of life?
	 

	24. How is the knowledge passed on?
	 

	Changes in land, threats, and community needs
	 

	25. What kinds of changes to your land have you observed or experienced over the course of your life?
	 

	26. Have any of the following activities increased in the region (Select all that apply)
	Mining
	Logging
	Roads, dams, or other structures
	Commercial agriculture
	None
	Other 

	27. Which of the changes you mentioned are the most severe problems in your region?
	 

	28. Are these changes in the region affecting your community land directly?
	Yes 
	No
	Don't Know

	29. [If yes] How have these changes affected your community land? Please provide examples.
	 

	30. Have these changes affected your cultural practices and way of life?
	Yes 
	No
	Don't Know

	31. [If yes] How have your cultural practices changed? Are there new things you are doing? Are there things you no longer do?
	 

	32. How concerned are you about the changes you are experiencing and seeing? 4 point scale (1=not concerned, 4= very concerned)
	1
	2
	3
	4

	33. What is your community's capacity to deal with and or address these changes?
	Low
	Medium
	High
	Very high

	34. What support does your community need to deal with and /or address these changes?
	 

	35. How do you expect your community land to change?
	 

	Climate change impacts and community resilience

	36. What kind of climate or weather-related changes have you observed and experienced over the course of your life?
	 

	37. Which of the following do you feel your community is increasingly vulnerable to? (select all that apply)
	Drought
	Fire
	Flood
	Heat
	None
	Other

	38. How would you rate your community's ability to deal with or address these climates or weather impacts
	Low
	Medium
	High
	Very high

	39. What are the reasons for your rating?
	 

	40. What cultural practices and or knowledge do you use to address these weather or climate related vulnerabilities?
	 

	41. What support does your community need to deal with climate and weather-related impacts?
	 

	42. How do you track changes in weather or climate?
	 

	43. Has the way you tracked weather or climate changed in the course of your lifetime? If yes, please explain.
	 

	Concluding Questions
 

	44. Who else do you think we should talk to about your lands and changes occurring to it?
	 

	45. Is there any information you shared today that is culturally sensitive and hence needs to be deleted from the record? (if you think of anything later, you may contact me at any time).
	 
 
 
 
 




Supplementary Table S2: Responses to binary and multiple-choice questions by Indigenous experts. Note that information provided under the category “Other” has been excluded from the table so as not to risk the identification of the interviewed experts. The information provided under the “other” category was, however, included in the overall analysis.

	Interview identification ID
	Have any of the following activities increased in the region?  (Select all that apply) (Options: Logging; Mining; Roads, dams and other structures; None, Other)
	Are these changes in the region affecting your community land directly? (Options: Yes; No; Don't Know)
	Have these changes affected your cultural practices and way of life? (Options: Yes; No; Don't Know)
	How concerned are you about the changes you are experiencing and seeing? 4-point scale (1=not concerned, 4= very concerned)
	What is your community's capacity to deal with and or address these changes? (Options: Low; Medium; High; Very High)
	Which of the following weather or climate impacts do you feel your community is increasingly vulnerable to? (Select all that apply) (Options  Drought; Fire; Flood, Heat, None; Other)
	How would you rate your community's ability to deal with or address these climate or weather impacts? (Options: Low; Medium; High; Very High)

	101
	Commercial agriculture; Other
	Yes
	No
	3
	Low
	Drought; Heat; Fire; Flood
	Medium

	102
	Logging
	Yes
	Yes
	1
	Medium
	Heat; Flood; Fire
	Medium

	1
	Mining; Logging; Roads, dams, or other structures; Commercial agriculture; Other
	Yes
	Yes
	4
	Low
	Drought; Flood; Heat
	Low

	25
	Roads, dams, or other structures; Commercial agriculture
	Yes
	Don't know
	3
	High
	Fire; Drought
	Low

	103
	Commercial agriculture; Other
	Yes
	Yes
	4
	High
	Drought; Flood; Fire
	No response

	26
	Mining; Logging
	Yes
	No response
	
	No response
	Heat
	Medium

	121
	Mining; Logging
	Yes
	Yes
	4
	High
	Flood
	Medium

	122
	Mining
	Yes
	Yes
	4
	Medium
	Flood; Other
	Low

	123
	Mining; Roads, dams, or other structures; Commercial agriculture
	Yes
	Yes
	3
	Low
	Drought; Fire; Flood
	Low

	104
	Mining; Logging; Other
	Yes
	Yes
	3
	No response
	Fire; Heat; Other
	Medium

	27
	Commercial agriculture
	No
	Yes
	4
	Medium
	Flood; Drought; Other
	

	28
	Mining; Logging; Other
	Yes
	No response
	
	No response
	Drought; Flood
	Medium

	29
	Mining
	No
	No response
	
	No response
	Drought; Pests; Flood
	Medium

	30
	Roads, dams, or other structures; Logging
	Yes
	Yes
	3
	Other
	Flood; Drought
	High

	31
	Mining
	Yes
	Yes
	4
	No response
	Drought; Heat; Other
	

	32
	Logging
	Yes
	Yes
	4
	No response
	Drought; Flood
	No response

	33
	Roads, dams, or other structures; Other
	Yes
	Yes
	No response
	No response
	Heat; Flood; Other
	High

	51
	Mining
	Yes
	Yes
	4
	Very high
	Drought
	No response

	52
	Mining; Logging; Other
	No
	Yes
	4
	Medium
	Heat; Fire; Other
	Medium

	107
	Mining; Logging; Roads, dams, or other structures; Commercial agriculture; Other
	Yes
	Yes
	3
	Medium
	Drought; Flood; Heat
	Medium

	111
	Mining; Roads, dams, or other structures
	Yes
	Yes
	3
	Medium
	Flood; Heat
	Low

	112
	Other
	Yes
	Yes
	3
	Low
	Drought; Flood; Other
	Low

	118
	Logging; Commercial agriculture
	Yes
	No
	3
	Low
	Drought
	Medium

	115
	Roads, dams, or other structures
	Yes
	Yes
	4
	Low
	Flood
	Medium

	53
	Commercial agriculture; Other
	Yes
	Yes
	4
	No response
	Drought; Heat; Other
	High

	54
	Mining; Logging
	Yes
	No
	2
	Medium
	Drought; Fire
	Medium

	55
	Logging; Other
	Yes
	Yes
	4
	No response
	Drought; Flood; Fire; Other
	Low

	56
	Roads, dams, or other structures
	Yes
	Yes
	3
	High
	Drought; Heat; Flood
	Low

	57
	Mining; Other
	Yes
	Yes
	3
	Low
	Heat; Drought; Other
	Low

	58
	Other
	Yes
	Yes
	4
	High
	Flood; Heat; Other
	Medium

	59
	Mining; Commercial agriculture; Other
	Yes
	Yes
	4
	Low
	Drought; Heat; Other
	Medium

	79
	Mining; Commercial agriculture; Logging; Other
	Yes
	Yes
	4
	Medium
	Drought; Fire; Flood; Heat
	Low

	78
	Logging; Commercial agriculture
	Yes
	Yes
	4
	High
	Drought; Other
	High

	76
	Mining; Logging; Roads, dams, or other structures
	Yes
	Yes
	4
	Medium
	Drought; Flood; Heat
	Low

	77
	Commercial agriculture
	Yes
	Yes
	3
	Low
	Other
	Medium

	109
	Logging; Commercial agriculture; Other
	Yes
	Yes
	4
	High
	Heat; Flood; Other
	Medium

	106
	Mining; Roads, dams, or other structures; Other
	Yes
	Yes
	4
	Medium
	Heat; Other
	Medium

	108
	Other
	Yes
	Yes
	4
	Low
	Flood; Other
	Low

	110
	Roads, dams, or other structures; Commercial agriculture
	Yes
	Yes
	4
	Very high
	Drought; Fire; Flood
	Medium

	113
	Other
	Yes
	Yes
	4
	Low
	Drought; Other
	No response

	116
	Mining; Logging; Roads, dams, or other structures; Commercial agriculture; Other
	Yes
	No
	4
	Low
	Other
	Low

	117
	Logging; Roads, dams, or other structures; Other
	Yes
	Yes
	No response
	No response
	Drought; Flood; Other
	Low

	119
	Mining; Roads, dams, or other structures; Commercial agriculture; Other
	Yes
	Yes
	4
	Very high
	Drought; Flood; Other
	Low

	120
	Commercial agriculture
	Yes
	Yes
	4
	Medium
	Drought; Other
	Medium

	124
	Other
	Yes
	Yes
	4
	Medium
	Drought; Other
	Medium

	126
	Logging; Roads, dams, or other structures; Commercial agriculture; Other
	Yes
	Yes
	4
	Low
	Drought; Flood
	Low

	125
	Logging; Roads, dams, or other structures
	Yes
	Yes
	3
	Medium
	Flood; Other
	Medium

	153
	Commercial agriculture; Mining;
	Yes
	Yes
	4
	Medium
	Drought; Flood; Heat
	Medium

	105
	Mining; Other
	Yes
	Yes
	4
	Low
	Fire; Flood
	Medium
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