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As global change reshapes ecosystems, establishing conservation priorities is crucial for managing
threatened areas with limited resources. Biodiversity hotspots, often defined by high endemism, are
key in conservation management. However, these may not capture other dimensions of biodiversity,
including functional and phylogenetic diversity or knowledge from Indigenous communities. Here, we
demonstrate that different metrics identify different hotspots using simulated plant communities as a
case study. We compiled existing data on 318 plant species, including functional trait data and
Traditional Ecological Knowledge on Indigenous plant names and uses. We simulated 100,000
communities by randomly assembling species that naturally co-occur within an ecoregion, and
calculated taxonomic, phylogenetic, functional, and Traditional Ecological Knowledge-based
biodiversity metrics. The metrics cluster into two groups based on shared hotspot identification, with
phylogenetic and functional metrics distributed between groups, and Traditional Ecological
Knowledge-based metrics aligning with some metrics, but not all. This suggests that integrating
Traditional Ecological Knowledge into conservation planning can expand the scope of biodiversity
assessments and help recognize places of cultural significance that might otherwise be overlooked.

In an era of global climate change, habitat loss, and species extinction,
conservation strategies are crucial for minimizing global biodiversity loss.
Identifying global areas of primary concern is essential for prioritizing
biodiversity conservation efforts, as time and financial resources are typi-
cally limiting factors"”. To this end, biodiversity hotspots are usually sug-
gested as conservation priorities, which have been defined as habitats
containing high levels of endemism that are under high human threat’. This
type of conservation priority alone has mobilized millions of dollars to fund
conservation"*. However, defining conservation priorities as biodiversity
hotspots with high degrees of endemism may overlook geographic regions
harboring biodiversity that lies outside of the traditional definition of a
biodiversity hotspot, including areas with exceptional taxonomic diversity,
phylogenetic diversity (PD);’ functional diversity (FD);" and socioecological
values from Traditional Ecological Knowledge (TEK)'. Incorporating a
more comprehensive set of biodiversity dimensions may provide flexibility
in decisions regarding how to measure biodiversity and allow managers and
policymakers to refine conservation priorities. Additionally, and

importantly, incorporating TEK into conservation planning will help create
effective conservation strategies that are participatory, sustainable, and
socially just™’—if done with respect for Indigenous data sovereignty""’.
Two dimensions of biodiversity originating from Western scientific
views, PD and FD, are influencing and being incorporated into conservation
priorities and management decision making'"">. PD is the sum of all the
branch lengths on a phylogenetic tree and quantifies the evolutionary
relationship and shared evolutionary history among a set of species. Thus,
PD is of conservation interest as an additional tool for measuring biodi-
versity within a community". For instance, incorporating PD into con-
servation decision-making for mammals has been able to identify species
with high PD that are not usually recognized as conservation priorities'* and,
in aquatic invertebrate communities, has been used to inform management
decisions, particularly when obtaining ecological trait data is difficult".
FD represents the diversity and distribution of functional traits within a
set of species, including morphological, physiological, and phenological
properties of species that directly impact fitness. Assessing FD is relevant
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because traits provide information about ecosystem services'® and, when
aggregated to the community level, offer insights into ecosystem stability
and resilience to disturbances'”*. Moreover, FD can explain variation in
ecosystem function even when taxonomic richness does not'”"”. Traits are
often conserved along evolutionary lines, allowing phylogenies to serve as a
practical substitute for understanding functional composition in the absence
of specific trait information”. However, there is increasing evidence that PD
and FD do not necessarily align, highlighting the importance of considering
PD and FD (in addition to taxonomic diversity) as separate aspects of
biodiversity that may need separate conservation strategies®' ™.

A long-overlooked measure of biodiversity in scientific literature is the
knowledge of ecological communities and interactions held by local Indi-
genous communities. Indigenous perspectives often see nature as an intri-
cate, interconnected web of relationships rather than as a set of isolated,
unrelated objects***, and Indigenous land stewardship principles are often
rooted in a deep understanding of local ecosystems™’; a concept referred to as
TEK”*". Incorporating TEK into conservation policies and decision-
making has several advantages over utilizing information gathered only
from Western science practices, including access to location-specific
knowledge, increased knowledge of environmental connections, and local
capacity building”*. Successful conservation of natural resources requires
collaborative efforts on small local scales, incorporating local knowledge that
is then integrated across an extensive network, transcending ownership
boundaries, and including those whose activities impact the ecosystem™.

There are a variety of metrics that come from Traditional Knowledge
that can be invaluable to measuring biodiversity and identifying biodiversity
hotspots, including (but not limited to): folk taxonomy and systematics
(identification, classification, and nomenclature applied to organisms by a
particular group of people);”” traditional phenological knowledge, local
knowledge of plants, animals, and landscapes, socio-economic importance/
uses, and linguistic diversity’*~°. Name diversity is a measure of Indi-
genous naming systems that refers to the names and number of names
associated with an organism. A single species may be associated with
multiple names when there are different names for various plant tissues, life
stages, and morphs. Similarly, the number of identified uses for a single plant
can be quite large, as different plant tissues (such as the leaf, fruit, or roots)
may be used for a variety of practices, such as medicine, food, clothing dye,
or building™. While some studies have incorporated TEK into conservation
management strategies and in identifying biodiversity hotspots”*, it
remains an undervalued resource despite its value, and to our under-
standing, TEK metrics such as species name and number of uses are not
often considered when identifying biodiversity hotspots or in combination
with other metrics.

Incorporating various perspectives on biodiversity can guide efforts in
effective resource management when prioritizing habitats for
conservation’>"’. In addition to the loss of land tenure due to colonization®,
Indigenous knowledge has been historically disregarded when planning
areas for conservation; however, in recent decades, there has been an
increased awareness of the need to engage with Indigenous communities for
conservation efforts, management, and policy decisions”™*. Here, we
expand the multifaceted Western approach to biodiversity hotspot identi-
fication by incorporating hotspots identified by TEK.

Plant communities were simulated from a list of 318 species native to
the PNW, for which information on Indigenous names and traditional uses
is available with the consent of local peoples. Using simulated plant com-
munities allowed for flexibility in our data sources (i.e., acquiring TEK data)
while also allowing us to illustrate our conceptual framework, which
employs both Western Science and TEK metrics to identify biodiversity
hotspots. These metrics included, taxonomic species richness, phylogenetic
species richness (PSR), phylogenetic species variability (PSV), phylogenetic
Rao’s entropy, Faith’s metric, functional richness, functional Rao’s entropy,
functional dispersion, number of Indigenous names, and number of Indi-
genous uses (for definitions and citations, see Table 1). Our comparison of
hotspots from these Western science- and TEK-based biodiversity metrics
revealed similarities and dissimilarities across simulated communities. This

has important implications for conservation planning, sustainable ecosys-
tem management, and social justice, as areas of unique biocultural value
may get lost when using Western science-based metrics as the sole indicator
for policy decisions.

Results and discussion

Biodiversity metrics from Western science frequently led to dif-
ferent hotspot identifications

The distribution pattern of biodiversity values for the simulated commu-
nities varied substantially across metrics, even across those representing the
same dimension of biodiversity (e.g., functional richness vs. functional
dispersion, both metrics of FD; Fig. 1). As a result, some diversity metrics
suggested that biodiversity hotspots (defined as the top 5% of data values; see
Methods) featured uniquely high biodiversity, while other metrics suggested
that hotspots had biodiversity levels close to the average of all communities.
This implies that biodiversity hotspots might be undervalued should one of
the latter diversity metrics be used as their sole descriptor.

Measures of precision and sensitivity (see Methods for definition and
calculation) indicate that different biodiversity metrics may identify dif-
ferent simulated communities as hotspots. The overlap between hotspots
identified by PSR and phylogenetic Rao’s entropy was among the strongest,
with 94% of the hotspots identified by phylogenetic Rao’s entropy also being
PSR hotspots (precision values of 0.94; Fig. 2). Taxonomic species richness
and PSR also commonly identified the same hotspots (precision of 0.88 and
0.86, respectively; Fig. 2). In contrast, Faith’s PD metric was less likely to
identify the hotspots determined from taxonomic species richness (preci-
sion of 0.28; Fig. 2), while functional richness shared a moderate amount of
overlap with hotspots determined from phylogenetic or taxonomic species
richness (precision values of 0.52 and 0.54, respectively). These observations
demonstrate that different dimensions of biodiversity will only sometimes
identify the same simulated communities as hotspots, aligning with pre-
vious research demonstrating that while taxonomic species richness and
PSR often correlate, there is variability in the hotspots identified from
taxonomic, functional, and phylogenetic dimensions of biodiversity™*.

Frequently, there were large mismatches in the identification of hot-
spots (which we define as precision and sensitivity being below 0.5). For
example, none of the hotspots derived from functional dispersion and PSV
corresponded with functional or PSR, taxonomic species richness, both
TEK-based metrics, or functional and phylogenetic Rao’s entropy. Other
work has reported similar patterns, where global measures of biodiversity
from taxonomic species richness and functional richness align more closely
with one another, but other FD metrics show distinct patterns of
biodiversity>””. While our results are based on simulated communities, they
support previous studies warning that one dimension of biodiversity cannot
necessarily serve as a proxy for another to inform conservation
prioritization”"”. For example, prioritizing the protection of species-rich
communities of birds may not be an effective strategy for conserving FD*.
An integrative, multifaceted approach is needed, particularly if the goal is to
maximize multiple dimensions of biodiversity.

Even among diversity metrics that are thought to represent similar
aspects of biodiversity, there was sometimes little correspondence in the
identified hotspots. For example, none of the hotspots identified by func-
tional richness were identified as hotspots based on functional dispersion,
and vice versa (zero precision and sensitivity). Our results, therefore, indi-
cate that even when conservation goals are focused, it is good practice to
quantify multiple metrics for the same dimension of biodiversity.

TEK-based biodiversity hotspots do not align as closely with one
another as with some hotspots derived from Western science
diversity metrics

More than half of the biodiversity hotspots identified by the two TEK-based
biodiversity metrics (number of Indigenous names of plants and their parts
and number of traditional uses of plants and their parts) were shared, with a
precision of 0.71 (Fig. 2). This overlap may partly be attributed to the
positive correlation between the species-specific number of traditional uses
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Table 1 | The diversity metrics calculated in this study

Diversity metric Definition Citation
Metrics of taxonomic diversity
Species richness The number of species within a simulated community. 89
Metrics of functional diversity
Functional richness The amount of functional space occupied by the species of a simulated community. The complete set of 90
functional traits defines the functional space.
Functional dispersion The mean distance in multidimensional trait space of individual species to the centroid of all speciesina 91
simulated community.
Functional Rao’s entropy A measure of diversity based on the proportional abundances of species and the dissimilarity 92
among them.
Metrics of TEK-based diversity
Recorded number of Indigenous botanicaluses ~ The summed number of traditional uses of species and their parts in a simulated community. Traditional 93
(Ethnobotany) uses include foods, drugs, dyes, fibers, and religious uses, as recorded by Indigenous peoples.
Recorded number of Indigenous names The number of Indigenous names associated with the species and their parts in a simulated community. 33
(Ethnotaxonomy)
Metrics of phylogenetic diversity
Faith’s phylogenetic diversity The sum of the branch lengths of a phylogenetic tree connecting all species in the simulated community. 94
Phylogenetic species variability (PSV) Quantifies how phylogenetic relatedness decreases the variance of a hypothetical trait shared by all 83
species in a simulated community.
Phylogenetic Rao’s entropy (Q) A measure of diversity based on the proportional abundances of species phylogenetic branches andthe 92
dissimilarity among them.
Phylogenetic species richness (PSR) The number of species in a simulated community multiplied by the community’s PSV (see above). 83

Each diversity metric is calculated, as well as the definitions (as applied to our case study), citations for their first introduction, and the specific implementation used in our study.
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Fig. 1 | Value distribution for biodiversity metrics. Distributions of biodiversity
metric values across one thousand patches for a single simulation run. The red region
indicates biodiversity values exceeding the 95% cutoff, above which a patch is
designated a hotspot. The black dotted line indicates the mean biodiversity level of
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Recorded Indigenous uses
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Functional dispersion

patches in the region. Colored panels indicate the type of metric: black for taxo-
nomic, green for TEK, purple for functional, and orange for phylogenetic. The height
of each distribution is scaled to a maximum of one.

and Indigenous plant names (r = 0.44, p < 2.2e-16; Supplementary Fig. 2).
Species may have many names when various parts of it are used. Indeed,
how plants are named in Indigenous languages often relates to how they are
used, in addition to reflecting phenology, environmental patterns, and local
ecology***’. Most plant species had fewer than fifty names and one hundred
uses, but several had over 100 names and 200 uses (Supplementary Fig. 2).
The highest number of names was associated with Rubus spectabilis, com-
mon name Salmonberry, which had a recorded 170 unique names. The
highest number of traditional uses was reported for Western redcedar,

Thuja plicata, at 368 recorded uses, possibly because of their ability to
hybridize and mix with congeners easily.

Interestingly, there was quite a large degree of overlap between several
diversity metrics derived from Western science knowledge and Indigenous
knowledge. These included taxonomic, functional, and PSR, as well as
functional and phylogenetic Rao’s entropy, which all had precision values
ranging from 0.55 (functional richness) to 0.86 (taxonomic species rich-
ness). However, PSV and functional dispersion never identified the same
hotspots as either of the two TEK-based diversity metrics.
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Fig. 2 | Precision and sensitivity pairwise com-
parisons for biodiversity metrics. The pairwise
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A clustering analysis revealed overlapping patterns between biodi-
versity hotspot metrics. PSV and functional dispersion formed one group
due to shared hotspots, and the remaining biodiversity metrics clustered
into a second group (Fig. 3). Most metrics between these two clusters rarely
identify the same hotspots, whether measured through precision or sensi-
tivity. Notably, no metric pairs between the two clusters overlapped in their
identified hotspots by more than 3% (Faith’s metric and PSR; Fig. 2), with
most metrics overlapping by 0%. This underscores the variation in hotspot
identification across metrics, highlighting the importance of choosing
multiple metrics when possible.

Outlook and implications for biological conservation

Identifying biodiversity hotspots is key to efficiently allocating resources to
preserve ecosystems across the planet. This study shows that choosing a
biodiversity metric for identifying hotspots is not neutral: different metrics
identify very different hotspots. Biodiversity researchers and policymakers
are advised to use various biodiversity metrics and frameworks like two-
eyed seeing, recognizing that plant communities are different when viewed
through different cultural lenses™. For example, species-poor communities
may be of special conservation value if they feature, for instance, a species
from a unique phylogenetic branch or with a unique traditional use or
cultural value.

In this study, we computed two TEK-based biodiversity metrics. A
more holistic view of TEK could include “stories, songs, folklore, proverbs,
cultural values, beliefs, rituals, community laws, local language, and agri-
cultural practices, including the development of plant species and animal
breeds™". Quantifying biodiversity is complex™’, and even when it is possible
to incorporate multiple biodiversity perspectives, culturally meaningful

places may still remain undetected™. However, incorporating TEK-based
perspectives into conservation planning and decision-making will be
essential for the holistic management of threatened and vulnerable
ecosystems.

Due to the nature of our simulation study, there are two fundamental
aspects to the practice of biological conservation that we could not address,
warranting tests of our conceptual framework on real-world data. In this
simulation study, scale is undefined, although we recognize it is a critical
aspect of conservation and restoration, as different strategies may operate at
different spatial scales”. The number of shared hotspots identified from
TEK- and Western science-based diversity metrics may differ at different
spatial scales, especially if the scales of languages and species turnover do not
match. Moreover, the dispersal and distribution of culturally important
species are partly driven by Indigenous Peoples™, which may contribute to
divergent hotspot identifications across scales.

Second, our simulations were based on a list of native species for which
we were able to compile information on their Indigenous names and tra-
ditional uses. In today’s globalized world, few locations are free from non-
native species naturalizing in or invading ecosystems outside their native
range. The presence of non-native species may affect TEK- and Western
science-based biodiversity metrics differently (and are dependent on spatial
scale) and, as a result, lead to different identified hotspots. For example,
species richness may increase locally with species invasion™, while TEK-
based diversity would decrease or remain the same. Gaps between Western
science- and TEK-based metrics could serve as warning signals in con-
servation practices.

In the Pacific Northwest (PNW), integrative groups are working to
describe local ecological knowledge and are calling for studies on how this
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Fig. 3 | Clustering patterns for biodiversity metrics. A dendrogram depicting the
relatedness of biodiversity metrics according to the level of precision with which they
identify the same hotspots. The dendrogram indicates that biodiversity metrics
cluster into two major groups. Biodiversity metric names are colored by metric type:
black for taxonomic, green for TEK, purple for functional, and orange for
phylogenetic.

knowledge can be actively implemented into conservation management’'.
In the PNW, research has found increased taxonomic and functional plant
diversity in regions historically utilized by Indigenous peoples with long-
lasting effects on plant diversity for over 150 years”. Globally, scientists and
managers should work to build, improve, and sustain collaborations with
local and Indigenous communities to produce similar regional datasets and
libraries, taking special care to preserve the intellectual property rights of
communities™*®. Overall, we suggest that a multi-metric approach to
biodiversity hotspot identification, acknowledging the interconnections
between species and cultural practices, is crucial to preserving biological and

cultural values™.

Methods

We used the PNW as a case study to simulate plant communities, calculate
biodiversity metrics, and identify hotspots. To do so, we compiled a list of
native plant species in the PNW for which we curated data on the number of
Indigenous plant names and uses, and plant functional trait values. This
geographic focal area was chosen because of the availability of multiple TEK
sources and sufficient coverage of trait data in existing databases in this
region. However, we acknowledge that TEK in the other areas is well-
documented and publicly shared with the consent of local people, e.g., ref. 61
in Central Asia, the Rizoma database of native plants in Chile®, the Ewé
ethnobotanical database in Brazil**** in Australia, traditional uses of plants

in New Guinea®, and data on traditional ethnomedicines in Pakistan®.

TEK data
We obtained names of plant taxa from Indigenous communities and lan-
guage groups from the Names of Native Plant Species in Indigenous Lan-
guages of Northwestern North America, Appendix 2B in the book Ancient
Pathways, Ancestral Knowledge. Ethnobotany and Ecological Wisdom of
Indigenous Peoples of Northwestern North America”. This appendix
provides names for native plant species, subspecies and varieties in the
PNW, with the names of the Indigenous languages and major dialects listed
for each entry. The number of traditional uses associated with each plant
taxa was obtained from the Native American Ethnobotany Database®,
which stores plant-derived uses (foods, drugs, dyes, and fibers) of Native
American Peoples. This database has been curated over the past 25 years and
includes uses from 291 Native American Indigenous peoples and 4029 plant
species from 243 different plant families across North America. This data
curation produced an initial list of 330 plant taxa with recorded numbers of
Indigenous names and numbers of traditional uses.

To facilitate linking TEK data to information about traits (see further),
taxa were assigned formal binomial nomenclature by the global names

resolver function, gnr_resolve, of the taxize package in R, using The Leipzig
Catalog of Vascular Plants as the data source””". We reduced subspecies
and varieties to their basic species names in case no synonym was found with
this approach. The synonymization process led to unambiguous results for
all but four species names in the dataset. These included Cornus una-
laschkensis, which had six recorded uses, while its synonym, Cornus cana-
densis, had forty uses. Additionally, Platanthera stricta had one recorded
use, while its synonym, Platanthera dilatata, had two uses. This difference in
the number of recorded uses may be due to the species being considered
distinct at the time of recording. Therefore, we summed the number of
unique uses for these species pairs and assigned that number to the synonym
from the Catalog. After accounting for all synonyms, our species list was
refined to 318 plant species. Because fine-scale data were not available for all
species in the TEK dataset, we were unable to resolve taxa to the level of
author name; as such, there is some minor taxonomic uncertainty and thus,
a small level of uncertainty for the reported results.

Functional trait data

We used the global trait dataset compiled by ref. 72 as the basis for trait
information for the species in our case study. We extracted data on seven
continuous vascular plant traits that define the primary axes of variation in
plant form and function—plant height (m), leaf area (LA; mm?®), leaf
nitrogen content per dry mass (Nmass; mg/g), leaf mass per area (LMA;
gm?), leaf dry matter content (LDMG; g/g), diaspore mass (SM; mg) and
stem specific density (SSD; mg/mm?), as well as one categorical trait-plant
woodiness. For species that were missing from the Diaz et al.”? dataset, we
extracted functional trait information from the TRY database”. Due to
variation between observations in the use of descriptive terminology for
plant woodiness, we used a binary level of classification, labeling all species
as either woody or not woody. Additionally, all leaf area data for leaflet and
leaf were combined into a single leaf area trait. Once this dataset was
compiled for all of our plant species, we retained only entries that were single
observations or measures of central tendency and discarded entries that only
contained extremal estimates for a trait. We then summarized numerical
trait values by calculating the mean of each trait for a given species across
studies. Note that we treated average values as single observations in this
averaging process because sample sizes are unavailable for values reported as
averages in the Diaz et al.”* dataset.

The data coverage for our focal species varied substantially across the
traits available in the Diaz dataset (Supplementary Table 1). We, therefore,
discarded those traits with data coverage for less than 20% of the species list
(i.e., SSD, covering only 14% of the species), leaving six traits for functional
biodiversity analyses (Supplementary Table 1). Because the retained traits
still showed data incompleteness, we used the missForest algorithm from the
missForest R package to impute missing trait values with 1000 maximum
iterations and 1000 trees per forest™". The missForest algorithm can impute
categorical and continuous variables and provides estimates of out-of-bag
error for both. We ran the imputation algorithm with and without taxo-
nomic data (Supplementary Figs. 3 and 4), with and without log-
transformed trait data, and by scaling or normalizing the trait data. Ulti-
mately, taxonomic data were included in the final fitting process, and trait
values were normalized, as this combination resulted in the lowest out-of-
bag error (NRMSE of 0.223 compared to 0.96 for unmodified traits without
taxonomic data). A visual comparison of the distributions of trait values in
the dataset before and after imputation indicates that the fitted values rea-
sonably match the original dataset (Supplementary Fig. 1).

Simulating plant communities

We created 100,000 simulated plant species communities by sampling
species from the curated species list. These communities are by no means
representative of real plant assemblies. Still, to increase the probability that
species in simulated communities co-occur in natural conditions, we only
combine species that grow under similar environmental conditions. More
specifically, we only combined species that grow in the same ecoregion,
which is defined as the Level II product from the Commission for
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Environmental Cooperation North American Environmental Atlas map of
Terrestrial Ecoregions75 . While the PNW has no official boundaries, we
defined the area as the region described in Figs. 1-1 of ref. 67 to create a list of
ecoregions in the PNW. We then used the BIEN_occurrence_species
function from the BIEN package in R’ to determine in which Level II
ecoregions the species naturally occur and to create ecoregion-specific
species lists.

During simulations, each community was randomly assigned an
ecoregion type, L, from the Level II ecoregion types identified in the PNW.
The number of species assigned to a community, M, was randomly sampled
from a uniform distribution between one and the maximum number of
species occurring in the given ecoregion type. To assign species to a com-
munity in ecoregion type L with M species, we sampled M species without
replacement from the species list for ecoregion type L. By doing this, we
assumed equal species abundances within a community. We ran one
hundred simulation rounds, each producing a set of 1000 simulated com-
munities. Additionally, we changed the number of patches to assess how
robust our results are to the simulation parameter choice for number of
patches. At 10,000 patches (Supplementary Figs. 5 and 6) we see more or less
the same groupings as when we simulate 100 patches (Supplementary
Figs. 7 and 8). We acknowledge that the simulated plant communities do not
represent real-world communities and that more advanced simulation tools
exist to deal with some of the problems of missing or incomplete data’”".
However, the goal of these analyses is to serve as an illustration of our
conceptual idea, as such, simulating more realistic plant communities was
outside the scope of this study.

Calculating dimensions of biodiversity

We quantified multiple dimensions of biodiversity—based on Western and
TEK—for each of the 100,000 simulated communities. Table 1 shows the
names, definitions, and citations for all biodiversity metrics used in
this study.

First, we determined taxonomic diversity. Because we did not simulate
species abundances, species richness was calculated as the sole measure of
taxonomic biodiversity. Species richness was calculated directly as the
number of unique species in a community.

Second, we generated a phylogenetic tree for the species list to calculate
PD using the V.PhyloMaker2 R package”. As the backbone mega-tree, we
used the GBOTB.extended.LCVP.tre mega-tree, which combines the
GBOTB phylogeny for seed plants* and the clade of pteridophytes from the
phylogeny of ref. 81, and is standardized following the botanical nomen-
clature of the Leipzig catalog of vascular plants™. Tips for a new genus were
bound to this mega-tree using scenario 3, the most commonly used scenario
according to ref. 79. Of the 318 species in our dataset, 73 species were bound
to the backbone phylogeny. One species, Pterospora andromedea, failed to
bind to the mega-tree (R package function error), so it was excluded from all
community composition simulations. The mega-tree was subsequently
pruned to the available species list using the picante R package®. Next, we
calculated four commonly used PD metrics for each simulated community:
PSR, PSV, phylogenetic Rao’s entropy, and Faith’s PD*.

Third, we used the trait dataset (compiled from data sets’” with
missing values imputed; see above) to calculate three metrics of FD for each
simulated community, using the fundiversity R package***: functional Rao’s
entropy”, functional richness, and functional dispersion®). While
these FD metrics are typically applied to abundance data, they are
also applicable to presence/absence data*"*’. To moderate the weight
of species with extreme trait values, leaf area, LDMC, plant height,
and diaspore mass were log-transformed. All traits were standardized
to a zero mean and unit variance.

Fourth, TEK-based biodiversity metrics included the number of
unique names and the number of identified uses by Indigenous commu-
nities for each plant species present in a simulated community. To derive
these metrics, we simply summed all the unique names and identified uses
for species in a given community.

Identifying and comparing hotspots

Following”, hotspots were defined as all the simulated communities landing
in the upper 95% quantile in the distribution of values for a given biodi-
versity metric. We identified hotspots for all one hundred simulation rounds
and across all biodiversity metrics (Supplementary Table 2). To compare the
hotspots identified for each biodiversity metric, we computed the precision
(or positive predictive value) and sensitivity (or true positive rate, or recall)
of one biodiversity metric compared to another, doing this for all possible
combinations of biodiversity metrics. To do this, we assigned one metric as
the baseline (representing the true hotspots) and the alternative metric as the
comparison. Precision measures the proportion of hotspots identified by the
comparison metric that are also identified by the baseline metric. It is
defined as TP/Nomparisons With TP (the true positives) denoting the number
of hotspots identified by the comparison metric that are correct and
Neomparison denoting the total number of hotspots identified by the com-
parison metric. If the comparison metric identifies the same hotspots as the
baseline metric but also identifies many other hotspots (false positives), then
the precision will be lower because Nomparison > TP. Sensitivity measures the
proportion of true hotspots identified by the comparison metric. It is defined
as TP/Niaselines With Npaseline denoting the total number of hotspots identi-
fied by the baseline metric. We calculated precision and sensitivity for every
possible pairing of biodiversity metrics, allowing each to serve as a baseline
and a comparison metric. To assess which biodiversity metrics tend to
identify the same hotspots, the biodiversity metrics were clustered (with lists
of identified hotspots as input) by Ward’s (1963) clustering criterion
through the function hclust in the R package stats*.

Data availability

All of the data used for this simulation study are from publicly available data
sources listed in the methods with full citations in the references. The data
curation performed to analyze our data can be found in the clean and raw
data folders (including excel sheets,.csv files, and.rds files) on GitHub:
https://github.com/kydahl/biodiv-hostpots.

Code availability

The code for the analyses, as well as the clean and raw data files for running
the code can be found on GitHub: https:/github.com/kydahl/biodiv-
hostpots.
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