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Abstract
1. In the face of global changes and the biodiversity crisis, Local Ecological 

Knowledge of Indigenous communities is increasingly valued for aligning conser-
vation policies with the needs of local communities and enriching conservation 
strategies through the synergy of diverse knowledge systems.

2. To assess whether conservation policies relying on biodiversity metrics integrate 
the interconnectedness between nature and Indigenous communities, we evalu-
ated the congruence between standardised biodiversity measurements obtained 
through environmental DNA (eDNA) and Indigenous Local Ecological Knowledge 
(LEK).

3. We selected 19 sampling sites along the upper Oyapock River in French Guiana. 
We collected eDNA from the water to inventory fish and game species, and we 
conducted biodiversity perception surveys with anglers and hunters from the 
Wayãpi Indigenous group to collect LEK associated with each site.

4. Across the studied area, Wayãpi LEK presented different pictures of biodiversity 
compared to standardised biodiversity assessments. This comparative analysis 
demonstrates that Wayãpi LEK not only reflects species distribution but also en-
compasses diverse place- based obligations and relationships.

5. This underscores the need to integrate LEK into conservation policies to promote 
equitable and sustainable environmental decision- making. This can be achieved 
by encouraging participatory processes that incorporate diverse knowledge sys-
tems, enabling the identification of local conservation challenges and the deter-
mination of the most suitable compromises.
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comparative analysis, eDNA metabarcoding, fish, freelist surveys, game species, indigenous 
communities, indigenous LEK

www.wileyonlinelibrary.com/journal/pan3
mailto:opale.coutant@univ-tlse3.fr
https://orcid.org/0000-0003-4170-6264
https://orcid.org/0000-0002-7054-9643
https://orcid.org/0000-0001-5829-5479
https://orcid.org/0000-0002-5115-4902
https://orcid.org/0000-0002-3659-8177
https://orcid.org/0000-0003-1474-7829
http://creativecommons.org/licenses/by/4.0/
mailto:opale.coutant@univ-tlse3.fr
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fpan3.70051&domain=pdf&date_stamp=2025-05-03


    |  1383COUTANT et al.

1  |  INTRODUC TION

There is an overwhelming consensus that global biodiversity loss is 
and will decrease ecosystem functioning and nature's contributions 
to people (West et al., 2020). Since the 1980s, this global crisis has 
sparked an interest in the knowledge, values and practices of peo-
ple living in close contact with nature, as a means to better under-
stand and address regional and global issues (Ainsworth et al., 2020; 
Brondízio et al., 2021).

Local Ecological Knowledge (LEK)—the cumulative body of 
knowledge, practice and belief, evolving by adaptive processes 
and passed down through generations by cultural transmission, 
about the relationship of living beings (including humans) with one 
another and with their environment—is being increasingly valued 
(Brondízio et al., 2021; Díaz et al., 2015). For example, Indigenous 
LEK has been used as a reliable method to collect information on 
species distribution (Braga- Pereira et al., 2022, 2024; Camino 
et al., 2020; Madsen et al., 2020). In these studies, the recognition 
of Indigenous LEK as a support to biodiversity assessment not only 
enhances biodiversity monitoring but holds significant potential to 
empower local stakeholders to manage their own environments 
(Bennett et al., 2017; Braga- Pereira et al., 2022). Furthermore, 
LEK is also shaped by feeding practices, habits, and beliefs (Chaves 
et al., 2020; Martin et al., 2013; Toledo, 2013) and this knowl-
edge may vary in time, space, and with social and economic con-
texts (Ali et al., 2022; Brondízio et al., 2021). Hence, Indigenous 
LEK also plays a significant role in advancing sustainability goals 
through practices in territorial management, nature conserva-
tion, and restoration efforts (Ainsworth et al., 2020; Brondízio 
et al., 2021; McElwee et al., 2020). However, to better capture 
the complexity of the human- nature connection, there has been 
a paradigm shift in the way nature's value is conceptualised (Chan 
et al., 2016, 2018; Himes et al., 2024; West et al., 2020). Scientists 
are increasingly engaging with research associated with relational 
values, which include preferences, principles, and virtues about 
human- nature relationships (Chan et al., 2018). In this context, LEK 
offers alternative perspectives on nature- human relationships, 
emphasising values such as reciprocity, care, learning, and adap-
tiveness, expanding the concept of sustainability beyond social, 
economic, and environmental boundaries (Brondízio et al., 2021; 
Díaz et al., 2015; Lam et al., 2020; West et al., 2018).

Integrating interdisciplinary knowledge in conservation poli-
cies is challenging because Indigenous knowledge faces loss of au-
thenticity when confronted with scientific knowledge, which tends 
to remove essential local characteristics in the process of gener-
alising (Ainsworth et al., 2020). This can result in conservation 
conflicts, where two or more parties with strongly held opinions 
clash over conservation objectives and when one party is per-
ceived to assert its interests at the expense of another (Ainsworth 
et al., 2020; Brondízio et al., 2021; Redpath et al., 2013). This is a 
challenge encountered in French Guiana, which presents poorly 
fragmented and preserved rainforests and freshwaters, but faces 
increasing threats due to gold exploitation and rapid population 

growth (Cantera, Coutant, et al., 2022). French Guiana is home to 
various ethnic groups that differ drastically in their use of natural 
resources, but also in their relationship with nature (Tritsch, 2013; 
Tritsch et al., 2011, 2015). The inland areas are inhabited by 
the Teko, the Wayana, and the Wayãpi as well as by the afro- 
descendant Maroons (Bushinengués). Inland Indigenous commu-
nities, who do not practice animal farming, depend on fishing and 
hunting for protein, with rivers and forests serving as their pan-
try. However, gold mining, particularly its impact on water quality 
and biodiversity, severely threatens their livelihoods (Ouhoud- 
Renoux, 1998; Tritsch, 2013). In this context, their worldviews em-
bedded in relational values with nature, knowledge of the natural 
world and sustainable practices of resource management would 
play a key role in local environmental governance, which is cur-
rently based mostly on objectives related to scientific ecological 
knowledge of species and ecosystems.

In this study, we compared LEK and standardised eDNA bio-
diversity measurements along the upper Oyapock River in French 
Guiana, under varying levels of anthropogenic pressure. We as-
sessed fish and mammal biodiversity at 19 locations using eDNA 
and conducted freelist surveys with Wayãpi participants at the 
same locations to gather LEK. The goal was to evaluate the con-
gruence between species distributions from eDNA and Wayãpi 
LEK. A strong congruence suggests that current conservation 
policies integrate the Wayãpi's interconnectedness with nature, 
while a mismatch suggests that data- driven approaches aimed at 
safeguarding nature's intrinsic values overlook the realities of the 
Wayãpi.

2  |  MATERIAL S AND METHODS

2.1  |  Study area

The Oyapock River, 404 km long, forms the border between Brazil 
and French Guiana. Our study focused on the upper 160 km of the 
river (Figure 1), where 19 evenly spaced sites were selected between 
the Wayãpi villages of Camopi (kampi in Wayãpi) and Trois- Sauts (ɨtu 
wasu in Wayãpi) to include variations in anthropogenic pressure and 
environmental conditions while avoiding spatial autocorrelation. 
This section, protected by the Tumucumaque National Park (Brazil) 
and the Guianese Amazonian Park (France), allows only subsistence 
fishing and hunting but is affected by illegal gold mining near Camopi 
along the downstream section of the Camopi River (Figure 1). 
Around 2000 Indigenous people, mainly Wayãpi and Teko, inhabit 
the area, practicing slash- and- burn agriculture, hunting, and fishing 
for subsistence. These Tupi- Guaraní groups share extensive knowl-
edge even though each has its own specificities (Davy et al., 2012; 
Grenand et al., 2017). Their knowledge of the fauna and flora has 
been documented in numerous studies in anthropology, ethnobot-
any, and ethnozoology, reporting fish and tree vernacular names and 
territorial management (Grenand, 1980; Grenand et al., 2015, 2017; 
Molino et al., 2022; Tritsch et al., 2011, 2015).
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1384  |    COUTANT et al.

2.2  |  Environmental DNA

We collected eDNA from 19 sites during the wet season (April 
2022), following the protocol of Cantera et al. (2019) and Cilleros 
et al. (2019). Two field replicates per site were collected by filtering 
water for 30 min with a peristaltic pump. Filtration capsules were 

filled with 80 mL of CL1 conservation buffer and stored in the dark 
before DNA extraction. For fish, we used the ‘teleo’ primer, and 
for other vertebrates, we used the 12S- V5 marker, both proven to 
effectively distinguish local species (Cantera et al., 2019; Cilleros 
et al., 2019; Kocher et al., 2017). Twelve PCR replicates per sam-
ple were performed (19 sites × 2 field replicates × 12 PCR replicates, 

F I G U R E  1  Study area and sampling sites. Each 1 km pixel contains a gold mine abandoned or still operating. Gold mine operating time 
(years) was shared by the Guinanese Amazonian Park (PAG) and the Mining Activity Observatory. The number of inhabitants was shared by 
the PAG. Right panels are highlights of Camopi and Trois- Sauts areas that are constituted of different villages. In these villages, the land use 
represented in yellow shows the agricultural areas (slash- and- burn agriculture). The territory located outside the two sectors (delimited by 
the black frames) is not exploited for agriculture.
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    |  1385COUTANT et al.

456 in total). Before sequencing, purified PCR products were quan-
tified via capillary electrophoresis and pooled in equal volumes to 
target a sequencing depth of 500,000 reads per sample for DNA 
library preparation. Five libraries for fish and two for vertebrates 
were prepared using the TruSeq nano- PCR Free Illumina protocol 
and sequenced with a MiSeq (2 × 125 bp) Flow Cell Kit Version 3. 
Sequences were analysed with OBITools (Boyer et al., 2016). Fish 
analysis was based on an updated reference database from Cilleros 
et al. (2019) with 368 species, while the game species database in-
cluded 164 mammal species from Kocher et al. (2017) and GenBank. 
Full details on the eDNA protocol are provided in Method S1.

2.3  |  Local ecological knowledge

We conducted the surveys directly at the sites to collect Wayãpi LEK 
that is the most representative of the community feeding practices, 
techniques, habits and beliefs, and more generally interrelationships 
with nature. Although the Wayãpi territory benefits from a detailed 
cartography and toponymy that could have been useful for remote 
surveys (Grenand et al., 2017), being on the sites ensures the spatial 
congruence of biodiversity measurements and LEK. Moreover, 
Wayãpi people interact within their territory on a local scale, with 
specific knowledge, experiences, beliefs, and resource acquisition 
associated with each site (Grenand et al., 2017; Tritsch et al., 2015). 
Therefore, conducting surveys at sites also allows the collection of 
LEK that is influenced by the specific relationships with each site. 
This choice prioritises the quality of the surveys over the quantity 
of people involved, as bringing participants to sites presents many 
challenges associated with cost and availability.

Seven Wayãpi participants answered the surveys in total. All par-
ticipants were voluntary and aware of the interest of the study (see 
Section 2.5). Participants were anglers and hunters from Camopi and 
Trois- Sauts villages and possessed in- depth and localised knowledge 
of the upper Oyapock biodiversity. Two participants were also local 
agents of the Guianese Amazonian Park. Participants are recognised 
by their community for their traditional ecological/environmental 
knowledge, their hunting/fishing skills, and their knowledge of their 
ethnic group's customs and traditions. All participants were males, 
as fishing, hunting, and territory exploration activities are predom-
inantly undertaken by men among Wayãpi people (Grenand, 1980). 
The participants were 40–60 years old, ensuring a comprehensive 
knowledge of the historical context and the environmental changes 
that have occurred in the region. Given the challenge of bringing 
more participants to the sites, we consider the LEK shared by the 
participants to be representative of the Wayãpi community.

At each site, one or two participants familiar with the area were 
interviewed by D.D. or O.C. Freelists were used because they reflect 
participants' familiarity with and the prominence of items within 
their local context (Quinlan, 2005). Hence, the responses and their 
sequence reflect the relationships between individuals and each 
item and are, therefore, not decontextualised. The freelist surveys 
were conducted during casual discussions allowing participants, 

especially in pairs, to interact while answering. Conversations about 
species and places were held using Wayãpi vernacular names and 
toponymy. During the conversations, we asked open- ended ques-
tions on different themes that allowed respondents to answer based 
on their complete knowledge, feelings, and understanding. There 
were therefore no expectations regarding the responses and re-
spondents were not limited to a set of options. Themes included fish 
and game species diversity, gold mining threats, and slash- and- burn 
agriculture. For fish and game species themes, participants were 
asked several questions about the general quality of the sites for 
fishing, and hunting, and then asked which species can be encoun-
tered at the sites. The survey frame is provided in Figure S1.

2.4  |  Data analyses

Species by site matrices were built from both eDNA and survey 
approaches (Tables S2A,B and S3A,B). Comparative analyses were 
conducted only based on the species mentioned in the surveys. 
We categorised sites based on the categorisation determined by 
the participants for fish and for games species diversity. Sites were 
referred to as ‘good’ or ‘medium’ for fish, and as ‘good’ or ‘poor’ for 
game species (Table S4). These categories were not based on explicit 
criteria, and the sites may be categorised for various reasons that are 
subject to change depending on the area. These are intended solely 
to reflect how the different sites are valued by the Wayãpi.

We conducted a comparative analysis between eDNA and 
surveys, but also between the site categories determined by the 
participants, for each approach. We compared the (i) site species 
richness, (ii) species detection/mention frequencies, and (iii) site 
species composition. For site species richness and species detec-
tion/mention frequencies, pairwise comparisons were realised with 
Kruskal–Wallis (‘good’ vs. ‘medium’/‘poor’ sites) and Mann–Whitney 
U- tests (eDNA vs. surveys) for nonparametric and unpaired samples. 
For comparisons of site species composition, we built distance ma-
trices using the Raup- crick metric (βrc) to determine whether pairs 
of sites were more or less similar than expected under stochastic 
effects (Chase et al., 2011). We then used permutational analysis of 
variance (PERMANOVA) to test for differences in species compo-
sition between eDNA and surveys, ensuring homogeneous disper-
sion between compared groups with a permutation dispersion test 
(PERMDISP) (Anderson et al., 2006).

Finally, we investigated whether various factors known to im-
pact species distribution were also embodied in Wayãpi LEK. The 
variables included physicochemical characteristics of water, wa-
tercourse types, land use, and deforestation (Tables S4 and S5 for 
detailed information on the explanatory variables). To standardise 
all variables, continuous variables were centered around their mean 
and scaled to a standard deviation of 1. Variables were fitted onto 
a PCoA for fish and game species, both for eDNA and surveys. We 
did not fit the variables for each site category because there were 
too few sites in the ‘medium’ and ‘poor’ categories. Fitting was 
done using the envfit function from the vegan package to identify 
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1386  |    COUTANT et al.

correlations between variables and ordination axes. R2 values were 
calculated to assess the strength of correlations between axes and 
variables. p- values were determined by comparing observed and 
simulated R2 from 9999 random permutations. Continuous variables 
were transformed into vectors based on their correlation with the 
axes, with vector lengths proportional to R2 values. For categorical 
variables, average ordination scores were calculated for species in 
each factor level to position categories within functional spaces.

2.5  |  Ethics statement

In accordance with the guidelines detailed in Buppert and 
Adrienne (2013), we followed the rules for applying free, prior, and 
informed consent. Information, verbal consents, and coordination 
with communal authorities were carried out before the field 
campaign. The survey campaign was approved by the Camopi village 
chef (Denis Laprière) and the Trois- Sauts village chefs (Jacky Pawey 
and Thomas Palassissi). The participants were briefed on the mission 
during gatherings held in their respective villages, following their 
customary way of exchanging information during casual discussions. 
The discussions and surveys did not require local translators, as 
both interviewers and interviewees were fluent in French, and one 
interviewer, D.D., knows all the game and fish species names and 
toponymy in Wayãpi language. During the surveys, participants could 
provide as many responses as they wished, limit their responses, 
or choose not to respond at all. The surveys were conducted in a 
way that respected the taboos and practices associated with each 
location. Internationally Recognised Certificates of Compliance 
are accessible under ABSCH- IRCC- FR- 246820- 1 for fish and under 
ABSCH- IRCC- FR- 245902- 1 for all other aquatic organisms.

2.6  |  Positionality

This present research is part of a project ongoing for over 10 years in 
French Guiana, aiming to comprehensively understand the territory's 
freshwater ecology in the face of increasing environmental threats 
and to inform local environmental policies. Our team comprises 
several co- authors from France (S.B., J.M.), French Guiana (O.C., 
D.D.), and representatives from local environmental agencies and 
NGOs (A.J.O., G.Q., O.C.). D.D. has been collaborating on ethno- 
ecological research with the Wayãpi for over 20 years and has 
mediated this present study thanks to his familiarity with both 
Western and Wayãpi societies. This has ensured that the research 
is informed by and respectful of the cultural contexts of all parties 
involved. Indeed, Indigenous communities, whose livelihoods 
depend on subsistence economies rather than Western lifestyles, 
have specific nature needs. However, they are often marginalised, 
partly due to limited access to culturally appropriate education, 
which affects their representation in environmental institutions. 
In this context, we are committed to conducting research that 
is relevant, respectful, and reciprocal. This entails a long- term 

project that allows sufficient time to build collaborations adapted 
to different ways of sharing knowledge. In this long- term project, 
knowledge restitution and sharing are essential not only to keep 
Indigenous communities informed but also to gather their input 
and perspectives on the ongoing research. This approach fosters a 
deeper understanding of the needs and potential benefits for each 
collaborator, paving the way for more meaningful and inclusive 
conservation efforts.

3  |  RESULTS

eDNA identified 115 fishes and 113 other vertebrate species across 
the 19 sites (Table S2A,B). Fish and game species mentioned in 
the surveys were a subset of those detected with eDNA. There 
were 18 fishes and 18 game species (mammals, birds, and reptiles) 
cited in the surveys (Table S3A,B). Two fish species (Ancistrus aff. 
temminckii, Heros efasciatus) and two game species (Paleosuchus spp. 
caimans, green iguana) were reported in surveys but not detected by 
eDNA, likely due to species discrimination issues and lower reptile 
DNA shedding rates (Nordstrom et al., 2022). Fourteen sites were 
classified as ‘good’ and five as ‘medium’ for fish, while 13 were ‘good’ 
and six ‘poor’ for game species. Comparative analyses focused on 
the 18 fishes and 18 game species mentioned in the surveys; other 
eDNA- detected species were excluded.

3.1  |  Site species richness

For the surveys, the species richness ranged from 2 to 12 
(median = 5.5) for fish and from 2 to 11 (median = 8) for game 
species at the sites categorised as ‘good’ (Figure 2a,b). At the sites 
categorised as ‘medium’ for fish, fish species richness ranged from 
4 to 10 (median = 5) (Figure 2c) while the species richness of the 
game species ranged from 1 to 9 (median = 3.5) for sites considered 
as ‘poor’ (Figure 2d). There was no significant difference in the 
species richness of fish nor in the species richness of game species 
between the sites categorised as ‘good’ and ‘medium’/‘poor’ (Table 1; 
Table S6).

With eDNA, the site species richness ranged from 9 to 17 (me-
dian = 14) for fish and from 7 to 15 (median = 13) for game species 
at the sites categorised as ‘good’ (Figure 2a,b). At the sites catego-
rised as ‘medium’, the fish species richness ranged from 11 to 17 
(median = 14) (Figure 2c) while the species richness of game species 
ranged from 10 to 15 (median = 13.5) for the sites considered as 
‘poor’ (Figure 2d). There was no significant difference between the 
fish species richness of the ‘good’ and ‘medium’ sites. Similarly, no 
significant difference was reported for the species richness of game 
species between the ‘good’ and ‘poor’ sites (Table 1; Table S6).

The comparison of the species richness retrieved with eDNA and 
surveys for each site category showed that eDNA species richness 
was systematically significantly higher than the species richness of 
the surveys (Table 1; Table S6). At the ‘good’ sites, the eDNA species 
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    |  1387COUTANT et al.

richness of fish and game species was on average 2.73 times and 
1.69 times greater than that obtained with the surveys, respec-
tively (Figure 2a,b). Similarly, the eDNA species richness of fish and 

game species at the ‘medium’ and ‘poor’ sites was 2.33 times and 
3.25 times higher than that obtained with the surveys, respectively 
(Figure 2c,d).

F I G U R E  2  Site species richness obtained with environmental DNA (eDNA) and surveys for each site category. Results for the surveys are 
presented on the left side of each panel (purple color) and on the right side for eDNA (blue color). (a) Fish species richness in the 'good' sites 
for the surveys and eDNA, (b) Game species species richness in the 'good' sites for the surveys and eDNA, (c) Fish species richness in the 
'medium' sites for the surveys and eDNA, (d) Game species species richness in the 'poor' sites for the surveys and eDNA.

Comparisons
Site 
categories

Species 
richness

Species detection/
mention frequency Composition

Fish

Surveys Good–
medium

ns  ns  *

eDNA Good–
medium

ns  ns  ns 

eDNA- surveys Good *** *** ***

eDNA- surveys Medium * *** **

Game species

Surveys Good–poor ns  ns  *

eDNA Good–poor ns  ns  ns 

eDNA- surveys Good *** * ***

eDNA- surveys Poor ** *** **

Note: See Tables S6 and S7 for statistical test details.
*p < 0.05. **p < 0.01. ***p < 0.001.
nsp >0.05.

TA B L E  1  Species richness, species 
detection/mention frequencies, and 
site species composition comparisons 
between site categories (‘good’ vs. 
‘medium’/‘poor’) and between surveys 
and environmental DNA (eDNA). 
Kruskal–Wallis statistical tests were 
used to compare species richness and 
species detection/mention frequencies 
between site categories. Mann–Whitney 
U- tests were used to compare species 
richness and species detection/mention 
frequencies between site categories 
for eDNA and for the surveys. Site 
composition was compared using 
permutational analysis of variance after 
checking for homogeneous dispersion 
between compared groups with 
permutation dispersion tests.
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3.2  |  Species detection/mention frequencies

With the surveys, the mention frequency of fish ranged from 7.14% 
to 78.57% (median = 25) while it ranged from 7.69% to 100% (me-
dian = 30.77) for game species at the ‘good’ sites (Figure 3a,b). At the 
‘medium’ and ‘poor’ sites, fish and game species mention frequen-
cies ranged from 0% to 80% (median = 30) and from 0% to 100% 
(median = 16.67), respectively (Figure 3c,d). There was no significant 
difference in the fish mention frequencies obtained with the surveys 
between the sites categorised as ‘good’ and ‘medium’ (Figure 3a,c; 
Table 1; Table S6) and in the game species mention frequencies be-
tween the sites categorised as ‘good’ and ‘poor’ (Figure 3b,d; Table 1; 
Table S6).

With eDNA, the fish and game species detection frequencies 
ranged from 0% to 100% at the ‘good’ sites (median = 92.86 and 84.62, 
respectively) (Figure 3a,b). At the ‘medium’ and ‘poor’ sites, the detec-
tion frequencies of fish and game species also ranged from 0% to 100% 
(median = 100 and 83.33, respectively) (Figure 3c,d). There was no sig-
nificant difference between the fish detection frequencies obtained 
with eDNA between the sites categorised as ‘good’ and ‘medium’ 

(Figure 3a,c; Table 1; Table S6) nor between the sites categorised as 
‘good’ and ‘poor’ for game species (Figure 3b,d; Table 1; Table S6).

Contrasting trends were reported for the detection/mention 
frequency comparisons between surveys and eDNA. At the ‘good’ 
and ‘medium’ sites, the mean fish detection frequencies obtained 
with eDNA were 2.73 and 2.33 times significantly higher than the 
mean mention frequencies obtained with the surveys, respectively 
(Figure 3a,c; Table 1; Table S6). Similarly, the mean game species 
detection frequencies retrieved with eDNA were 1.69 and 3.25 
times significantly higher than the mean mention frequencies ob-
tained with the surveys for the ‘good’ and ‘poor’ sites, respectively 
(Figure 3b,d; Table 1; Table S6).

3.3  |  Site species composition

The PERMDISP tests validated the homogeneity of site dispersion 
between all groups compared (eDNA vs. surveys and ‘good’ vs. 
‘medium’/‘poor’) (Table S7; see Table S8 for PCoA coordinates). With 
the surveys, the site composition between the ‘good’ and ‘medium’ 

F I G U R E  3  Species detection/mention frequencies obtained with environmental DNA (eDNA) and surveys for each site category. Results 
for the surveys are presented on the left side of each panel (purple color) and on the right side for eDNA (blue color). (a) Fish species 
detection/mention frequency in the 'good' sites for the surveys and eDNA, (b) Game species detection/mention frequency in the 'good' 
sites for the surveys and eDNA, (c) Fish detection/mention frequency in the 'medium' sites for the surveys and eDNA, (d) Game species 
detection/mention frequency in the 'poor' sites for the surveys and eDNA.
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sites for fish and between the ‘good’ and ‘poor’ sites for game species 
was significantly different as supported by the PERMANOVA tests 
(Figure 4a,e; Table 1; Table S7). Conversely, with eDNA, there was no 
significant difference in site species composition between the ‘good’ 
and ‘medium’ sites for fish and between the ‘good’ and ‘poor’ sites 
for game species (Figure 4b,f; Table 1; Table S7). The comparisons 
between eDNA and survey site composition revealed significant dif-
ferences for both fish and game species and for both site categories 
(‘good’ and ‘medium’/‘poor’) (Figure 4c,d,g,h; Table 1; Table S7).

Several environmental and anthropic variables significantly cor-
related the species site compositions. With fish surveys, turbidity, 
conductivity, and elevation were the most strongly correlated with 
the ordination (r2 = 0.55, 0.55, and 0.50, respectively). The distance 
to the nearest settlement, the temperature, the Strahler order, and 
the pH were the least correlated with the ordination (r2 = 0.46, 0.43, 
0.36, and 0.34, respectively; Figure 5a; Table S9). With the game spe-
cies surveys, the distance to the nearest settlement, the turbidity, 
the elevation, and the conductivity had the highest correlation coef-
ficients, superior to 0.5 (r2 = 0.68, 0.67, 0.61, and 0.57, respectively). 
River width, temperature, and deforestation were less strongly cor-
related with the ordination (r2 = 0.44, 0.44 and 0.31, respectively). 
Two categorical variables were also significantly correlated with 
the ordination, the site categories for fish (obtained from the sur-
veys), and the presence of slash- and- burn areas (r2 = 0.22 and 0.17, 
respectively; Figure 5b; Table S9). With eDNA for fish, the two most 
strongly correlated variables were the Strahler order and the tem-
perature (r2 = 0.88 and 0.85, respectively). Elevation, river width, and 

turbidity had weaker correlation coefficients (r2 = 0.62, 0.54, and 
0.42, respectively; Figure 5c; Table S9). With eDNA for game spe-
cies, the presence of gold mines was the only significant variable 
correlating the ordination (r2 = 0.18; Figure 5d; Table S9).

4  |  DISCUSSION

An increasing body of literature recognises Indigenous LEK for enriching 
our understanding of species distribution and enhancing biodiversity 
assessments. However, Indigenous LEK also embodies a holistic view of 
both the material and immaterial dimensions of nature, adapted to spe-
cific economic, ecological, and cultural environments (Ali et al., 2022; 
Brondízio et al., 2021; McElwee et al., 2020). Here, we compared spe-
cies distributions obtained from Indigenous LEK and eDNA measure-
ments at different sites distributed across the Wayãpi lands. While we 
anticipate LEK to depict fauna reflecting how people are connected 
to and exploit the region at each site, eDNA offers an objective and 
standardised assessment of biodiversity across the study area (Cantera 
et al., 2019; Cantera, Decotte, et al., 2022; Coutant et al., 2021).

4.1  |  LEK reflects species distribution similar to 
standardised assessments

Sites consistently exhibited greater species richness and higher de-
tection frequencies for fish and game species with eDNA compared 

F I G U R E  4  Site species composition for each site category and for eDNA and surveys based on the βrc index. (a) Fish site composition of 
‘good’ and ‘medium’ sites with the surveys, (b) Fish site composition of ‘good’ and ‘medium’ sites with environmental DNA (eDNA), (c) Fish 
site composition of ‘good’ sites obtained with surveys and eDNA, (d) Fish site composition of ‘medium’ sites retrieved with the surveys and 
eDNA, (e) Game species site composition of ‘good’ and ‘poor’ sites with the surveys, (f) Game species site composition of ‘good’ and ‘poor’ 
sites with eDNA, (g) Game species site composition of ‘good’ sites obtained with the surveys and eDNA, (h) Game species site composition 
of ‘poor’ sites obtained with the surveys and eDNA.
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1390  |    COUTANT et al.

to surveys. The species composition for fish and game species was 
also consistently significantly different between the two meth-
ods, with surveys providing a subset of eDNA- inventoried spe-
cies. Despite these differences, both approaches provided similar 
insights into changes in species distribution due to environmental 
variability and anthropogenic activities. This congruence between 
the two methods has already been evidenced in previous studies 
(Braga- Pereira et al., 2022, 2024; Brondízio et al., 2021; Camino 
et al., 2020). For example, participants mentioned that Tometes tri-
lobatus, Myleus rhomboidalis, and Boulangerella cuvieri never occur 
upstream of the Mutaquere confluence (Mitake in Wayãpi), corrobo-
rating eDNA findings and existing literature (Le Bail et al., 2012). This 
was also evidenced by the correlation between LEK of fish/game 
species distribution and environmental factors like turbidity, eleva-
tion, conductivity, river width, and water temperature, which are 
important drivers of fish diversity along the upstream- downstream 
continuum (Carvalho & Tejerina- Garro, 2015). Locally, the Wayãpi 

associated specific habitats with distinct species compositions; for 
instance, site O2 was deemed ‘poor’ for game species due to the 
absence of nearby hill forests, reflecting known species composition 
differences linked to forest types in French Guiana. Several species 
valued by the Wayãpi, such as the red brocket deer (Mazama ameri-
cana), collared peccary (Pecari tajacu), or spider monkey (Ateles panis-
cus), are characteristic of hill forests (Richard- Hansen et al., 2015). 
For fish, the rapids at site O8 were noted as particularly suitable for 
rheophilic species from the Loricariidae family (Le Bail et al., 2012).

Wayãpi LEK is also influenced by anthropogenic activities. The 
correlation between Wayãpi LEK of fish and game species distribu-
tion with deforestation, water turbidity, and gold mining indicates 
that the Wayãpi observe changes in species distribution linked to 
these activities, leading to environmental alterations such as in-
creased turbidity and deforestation (Hammond et al., 2007). For 
instance, at site O1, previously exploited for gold, a participant 
noted that fish were afraid of the mining engines. Although mining 

F I G U R E  5  PCoA ordinations of fish and game species site composition based on the βrc index for eDNA and surveys. Significant 
correlated continuous (red lines) and categorical (blue diamond symbols) environmental variables are displayed on the ordinations. 'good' 
and 'medium/poor' site compositions are presented in the top panels for fish (a) and for game species (b) and in the bottom panels for 
eDNA (c), Fish and (d), Game species. Dist. Set. refers to the distance to the nearest settlement, Elev. refers to elevation, Temp. refers to 
temperature, ‘Good’ fish sites refers to category ‘good’ sites for fish, ‘Med.’ fish sites refers to category ‘medium’ sites for fish, Cond. refers 
to conductivity, Turb. refers to turbidity, Riv. width refers to river width, Slash & burn refers to the presence of slash- and- burn areas around 
the sites (<1 km), and No Slash & burn refers to the absence of slash- and- burn areas around the sites.
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ceased before 2020, the participant believed that the water remains 
contaminated and undrinkable. Additionally, the Wayãpi identi-
fied poaching by people settled along the Brazilian riverbank as a 
driver of local depletion of game species like the black curassow 
(Crax alector), spider monkey, and marail guan (Penelope marail). This 
was particularly stated for O7, which was considered to have one 
of the lowest species richness among the ‘good’ game species sites. 
These results are concerning because gold mining and poaching are 
less prevalent in the upper Oyapock River than in the Maroni River 
(Cantera, Coutant, et al., 2022), but it is sufficient to significantly 
impact biodiversity and the Wayãpi's livelihoods.

4.2  |  LEK is inseparable from place- based 
relations and obligations

Wayãpi LEK is embedded within a worldview inseparable from 
place- based obligations and relations evidenced in this study by 
foraging practices and spiritual beliefs (Latulippe & Klenk, 2020). 
This was reflected by the several inconsistencies between the 
mentioned species richnesses and the site categorisation, as well 
as by the different site categorisation for fish and game species. 
For example, sites O12 and O19 had the lowest reported fish 
species richness but were categorised as ‘good’ sites for fish. 
Site O2, despite a reported low fish species richness, has been 
historically and continues to be used for traditional fish poisoning, 
a method using a substance derived from lianas. Another example 
is O1, which was considered as ‘good’ for fish but ‘poor’ for game 
species. These examples, along with the significant difference 
in fish and game species composition between ‘good’ and 
‘medium’/‘poor’ sites in surveys (but not with eDNA), illustrate 
that species diversity is not the only factor influencing the site 
values, which depend on the species considered. In general, 
these observations reflect foraging practices shaped by trade- 
offs between various factors such as targeted species, species 
occupancy probability, and abundance, costs of hunting/fishing 
excursions, as demonstrated by Richard- Hansen et al. (2019). 
The correlation between the sites' composition based on surveys 
and variables such as the distance to the nearest village suggests 
that site valuations vary depending on village proximity and the 
presence of specific species. For instance, site O13 and O14 
located near Trois- Saut villages were considered as ‘poor’ sites for 
game species with the lowest species richnesses. At these sites, 
the participants stated that primates such as spider monkeys, red 
howler monkeys (Alouatta macconnelli), capuchins (Cebus spp.), 
or birds such as Cracidae including black curassows were absent. 
These species are highly valued by the Wayãpi but sensitive to 
human harvest and tend to decline in hunted and residential areas 
due to their low reproductive rates (Richard- Hansen et al., 2019). 
These observations suggest that the Wayãpi notice a depletion 
of specific and valued species around villages, which affects 
the quality of the site according to their own definition of site 
quality. Wayãpi LEK also reflected spiritual beliefs. For instance, 

participants recognised one site as ‘good’ for fish and game species 
but reported that establishing camps and hunting in this site was 
prohibited as it was once inhabited by a dark shaman (shaman who 
likes to kill people). Beyond species distribution, these differential 
perceptions of sites and species underscore the intricate practices 
and nature relationships of hunters/anglers, which are shaped 
by sociological, cultural, economic, and geographical constraints 
(Levi et al., 2011).

4.3  |  Integrating LEK into conservation frameworks 
for greater equity

Confronting LEK and standardised measurements of biodiversity 
revealed that the Wayãpi have their own representation of species 
distribution (Ali et al., 2022; Brondízio et al., 2021; Grenand, 1980; 
West et al., 2018). This divergent picture of the fauna illustrates that 
conservation strategies may not integrate the interconnectedness 
of the Wayãpi with their lands if they are solely based on objective 
assessments of species distribution and metrics such as local species 
richness.

In French Guiana, conservation frameworks primarily focus on 
the protection of vulnerable species, or specific natural reserves 
where hunting is regulated. In recent years, however, environmental 
policies have become more inclusive with the development of a na-
tional protected area (Guianese Amazonian Park), dedicated to pro-
moting the natural and cultural richness of the area and committed 
to developing co- constructed management rules (Richard- Hansen 
et al., 2019). As demonstrated by a growing body of literature, inte-
grating LEK and involving Indigenous communities in environmental 
governance has significant potential to manage ecosystem health, 
generate knowledge rooted in diverse values of nature, and address 
environmental challenges (Brondízio et al., 2021; Lam et al., 2020). 
This can be achieved by promoting participatory processes in en-
vironmental decision- making, which have proven effective in re-
solving conservation conflicts (Ainsworth et al., 2020; Latulippe & 
Klenk, 2020; Redpath et al., 2013). Developed within an appropri-
ate framework that ensures the integration of different knowledge 
systems, these participatory processes can prevent Indigenous 
knowledge from being reduced to filling gaps in datasets (Ainsworth 
et al., 2020). Instead, it could contribute to the creation of cultur-
ally relevant spaces for Indigenous scientific research embedded 
in different relational values (Brondízio et al., 2021; Latulippe & 
Klenk, 2020).

In French Guiana, LEK- based research has already demonstrated 
the values behind Indigenous LEK, providing important information 
on how Indigenous communities interact with nature and how they 
are affected by growing nature changes (Longin et al., 2021; Richard- 
Hansen et al., 2019). For instance, Richard- Hansen et al. (2019) 
showed that the species depletion in the studied area generated 
changes in reported hunting trends, with a shift from primates, deer, 
and peccaries to more resilient rodent species. These observations 
underscore the necessity of transitioning to conservation strategies 
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that are both more effective and equitable. Our study demonstrates 
that LEK must not be disconnected from its spatial context as it 
can fail to depict local communities' livelihoods and the diversity 
of nature relationships within a territory. Furthermore, combining 
Indigenous LEK and standardised biodiversity assessments may help 
identify local conservation challenges and determine the optimal 
compromise for designing equitable environmental policies.

4.4  |  Study limitations

While LEK reflected how people are connected to and exploit 
the region at various locations, eDNA provides an objective and 
standardised assessment of biodiversity across the study area. In 
the context of this study, however, one major limitation of eDNA is 
its limited ability to effectively measure species abundance. Species 
abundance is a crucial metric for interpreting and comparing species 
distribution patterns obtained through LEK and eDNA, as it likely 
influences foraging practices. These socioecological comparisons 
could be enhanced by combining eDNA with traditional inventory 
methods, such as net fishing or line transects, which provide data 
on species abundance. Nonetheless, compared to some traditional 
inventory methods, the non- invasive nature of eDNA makes it an 
efficient tool for rapid multi- taxa biological inventories, allowing 
data collection on Indigenous lands without impacting biodiversity 
or depleting resources.

Our approach to LEK collection also has several limitations. First, 
conducting on- site surveys restricted the number of participants, 
which may have resulted in a partial representation of Wayãpi LEK. 
Additionally, because we focused on collecting LEK outside the 
villages, only men participated in the surveys. To more accurately 
capture how local populations interact with their environment, it is 
crucial to include a wider range of socio- demographic groups, such 
as women and youth, who can offer complementary perspectives on 
human- nature relationships. Lastly, the interviewer's socio- cultural 
identity can influence how participants share their knowledge. 
Participants may tailor their responses based on their perception of 
the interviewer or adjust their answers to align with the interview-
er's expectations (Schaeffer et al., 2010). In our study, we minimised 
this bias by using Wayãpi- specific vocabulary related to species and 
by ensuring one interviewer was familiar with the Wayãpi commu-
nity. However, to collect more representative LEK, surveys would 
be more effective if conducted by members of the local community.

5  |  CONCLUSIONS

This initial socioecological study demonstrates that the current 
French data- centric conservation frameworks do not adequately 
embody the diverse ways the Wayãpi interact with their territory 
in French Guiana. It shows that comparing standardised biodiversity 
assessments with LEK, when considered in its full context, can 
lead to a more comprehensive understanding of human- nature 

relationships, which are shaped by socioeconomic, cultural, and 
resource availability factors. While the benefits of this study for 
the community involved may not be immediate, its value lies in 
contributing to a broader discussion on how to effectively integrate 
diverse stakeholders in conservation efforts. This could help better 
address local and regional biodiversity challenges for Wayãpi people. 
Extending it to other Indigenous communities closely dependent on 
natural resources would help design more equitable policies bridging 
biodiversity conservation and Indigenous communities well- being.
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SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.
Figure S1. The survey frame.
Table S1. Sequencing information for fish, game species, and 
controls.
Table S2. Species by site matrices obtained from eDNA (A) for fish 
species and (B) for vertebrate species other than fish.
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