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Facultad de Ciencias, Universidad Autónoma

de Madrid, Madrid, Spain

2Centro de Investigación en Biodiversidad y

Cambio Global (CIBC-UAM), Universidad

Autónoma de Madrid, Madrid, Spain

3Departamento de Ecología, Facultad de

Ciencias, Universidad Autónoma de Madrid,

Madrid, Spain

Correspondence

Rafael Molina-Venegas, Centro de

Investigación en Biodiversidad y Cambio

Global (CIBC-UAM), Universidad Autónoma de

Madrid, Madrid, 28049, Spain.

Email: rafael.molina@uam.es

Funding information

Spanish Ministry of Science, Innovation, and

Universities, Grant/Award Number:

PID2022-138776NA-I00; European Union

(NextGenerationEU); Universidad Autónoma

de Madrid, Grant/Award Number: contract

No. 39

Summary

Societal Impact Statement

Novel phylogenetic approaches have emerged in recent years to study traditional

medicinal plants, aiming to identify potential sources of new drugs. This line of

research holds considerable promise yet remains in its early stages. Here, we examine

the prevalent methods employed in the field, revealing the impact of methodological

choices that have often been made arbitrarily. We also highlight a widespread mis-

conception regarding ‘hot node analysis’, a tool gaining popularity for identifying

plants with high bioactive potential. Our findings should advance future research

aimed at guiding the selection of promising candidates for bioprospection.

Summary

• Advances in phylogenetics offer a ground-breaking approach to analysing ethno-

botanical data. This line of research typically involves calculating the degree of

phylogenetic clustering (i.e. phylogenetic divergence) of a set of medicinal plants

and identifying clades with a significant overabundance of these plants, known as

hot nodes, which are purportedly responsible for the clustering patterns. How-

ever, despite showing great promise, the adequacy of this procedure remains to

be tested, and the results have so far been inconclusive and, at times,

contradictory.

• Here, we examine two key elements through a case study of Ecuadorian medicinal

flora: the impact of taxonomic resolution (species- and genus-level data) on phylo-

genetic divergence metrics (Mean Pairwise Distance; MPD, and Mean Nearest

Taxon Distance; MNTD), and the efficacy of the hot node analysis in identifying

clades that significantly influence these metrics. To identify clades with a signifi-

cant impact on MPD and MNTD, we implemented a jackknifing procedure and

compared outcomes with the hot nodes.

• Phylogenetic divergence was strongly dependent on the taxonomic resolution,

with clustering mainly revealed by MPD at the genus level. Further, the hot nodes

incompletely matched those with significant influence on MPD and MNTD

according to the jackknifing analysis.
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• We highlight the impact of taxonomic resolution on commonly used phylogenetic

divergence metrics and the limitations of hot nodes in identifying influential clades,

stressing the potential of alternative jackknifing techniques. We recommend the use

of the most resolved tree possible and combining jackknifing with hot node analyses

as complementary sources to pinpoint clades for bioprospection.
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1 | INTRODUCTION

Over the past few centuries, traditional knowledge of medicinal plants

has played a major role in the discovery of globally commercialised

drugs, such as artemisinin, acetylsalicylic acid, ephedrine and camp-

tothecin, among others (Khaiwa et al., 2021; Miao et al., 2020;

Montinari et al., 2019; Tu, 2011). Despite this historical success,

researchers still face challenges to prove the benefits of exploring tra-

ditional medicine for phytochemical potential (Atanasov et al., 2021;

Choudhury et al., 2020; Gyllenhaal et al., 2012; Kingston, 2011;

Wangkheirakpam, 2018).

Recent advances in phylogenetics have provided a revolutionary

way to exploit ethnomedicinal data. This innovative approach typically

involves exploring the degree of phylogenetic divergence of a set of

medicinal plants, with the premise that phylogenetic clustering may

indicate underlying medicinal properties (Rønsted et al., 2012; Saslis-

Lagoudakis et al., 2012). To calculate phylogenetic divergence, two

distance-based metrics borrowed from community phylogenetics are

most frequently used: Mean Pairwise Distance (MPD) and Mean

Nearest Taxon Distance (MNTD). These metrics measure phyloge-

netic distances among ethnomedicinal taxa, indicating significant clus-

tering or overdispersion when the distances are shorter or longer than

expected by chance. Despite showing great promise, results have thus

far proved inconclusive, with medicinal plants revealing highly variable

levels of phylogenetic clustering and, at times, even contradictory, as

studies on the same ethnoflora have produced different outcomes

(Saslis-Lagoudakis et al., 2012; Yessoufou et al., 2015). These incon-

sistencies have been attributed to various factors, including the eth-

nomedicinal classification system (Ernst et al., 2016; Yessoufou

et al., 2015) and the size of the study pool (Yessoufou et al., 2015;

Zaman et al., 2021). Nonetheless, the potential impact of taxonomic

resolution has been largely overlooked, with previous studies incon-

sistently employing either species- (Ernst et al., 2016; Saslis-

Lagoudakis et al., 2011; Zaman et al., 2021; Zaman et al., 2022) or

genus-level data (Halse-Gramkow et al., 2016; Lei et al., 2020; Saslis-

Lagoudakis et al., 2012; Souza et al., 2018; Thompson &

Hawkins, 2024; Yessoufou et al., 2015).

Phylogenetic divergence analyses are often coupled with the

identification of those clades showing a significant overabundance of

medicinal plants, commonly referred to as ‘hot nodes’ (Ernst

et al., 2016; Halse-Gramkow et al., 2016; Saslis-Lagoudakis

et al., 2012; Souza et al., 2018; Thompson & Hawkins, 2024; Zaman

et al., 2021; Zaman et al., 2022). Whenever phylogenetic divergence

metrics indicate that a given medicinal use is significantly clustered in

the phylogeny, the hot node technique is applied to locate the specific

clades responsible for such clustering (Saslis-Lagoudakis et al., 2011),

as species within these clades, including those with no recorded use,

are purportedly likely to share active compounds. In words, hot nodes

are assumed to be the main contributors to phylogenetic clustering

(Letcher, 2010; Pellicer et al., 2018; Saslis-Lagoudakis et al., 2012;

Souza-Neto et al., 2016; Villalobos et al., 2019; Webb et al., 2008).

However, these methods rely on different principles: phylogenetic

divergence metrics are based on phylogenetic distances (i.e. branch

lengths), whereas the hot nodes depend exclusively on tree topology.

Therefore, their presumed association lacks quantitative support.

Ecuador is home to a remarkable biological and cultural diversity

that thrives on a strong interdependent relationship established

between humans and nature (de la Torre et al., 2012). Along with the

absence of an effective healthcare system, particularly in impover-

ished rural areas, the extent of ancestral knowledge of medicinal

plants explains their widespread use (de la Torre et al., 2008). The

country hosts over 18,000 species of vascular plants, nearly one-third

of which are endemic (POWO, 2022). Among this outstanding floristic

richness, more than 5,000 species have documented uses, with almost

2,000 being used for medicinal purposes (de la Torre et al., 2008). This

vast reservoir of ethnomedicinal knowledge presents an exceptional

opportunity for the exploration of potentially bioactive plants.

Here, we use an extensive database of Ecuadorian traditional

medicine to assess two key elements of applied phylogenetics. Firstly,

we examine the impact of taxonomic resolution (species- and genus-

level data) on phylogenetic divergence metrics. Subsequently, we per-

form a jackknifing analysis to identify clades that significantly influ-

ence phylogenetic divergence patterns (Davies et al., 2016), and test

whether hot nodes overlap with influential clades.

2 | MATERIALS AND METHODS

2.1 | Ethnomedicinal data and flora of Ecuador

We compiled data from the Encyclopaedia of the Useful Plants of

Ecuador (de la Torre et al., 2008), which includes 16,219 records

of medicinal uses. Several modifications were applied to this data.

Firstly, we lumped infraspecific records (n = 184) into corresponding
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species and removed those limited to genus or family level

(n = 3,315). This left us with 12,904 species-level records. Secondly,

non-native medicinal species (n = 336) were excluded to focus on

plants prospected by Ecuadorian communities throughout history.

Native status was determined following POWO (2022) and, for omis-

sion errors in this source, the Catalogue of the Vascular Plants of

Ecuador (Jørgensen & León-Yánez, 1999) and GBIF (2022) were con-

sulted. Finally, given that phylogenetic divergence can substantially

change with phylogenetic extent (i.e. taxonomic breadth of a phyloge-

netic analysis; Graham et al., 2018), we focused on the angiosperm

clade since it included most medicinal species, hence excluding gym-

nosperms (n = 5) and pteridophytes (n = 132).

Medicinal uses were classified into 22 categories (Notes S1) fol-

lowing the Economic Botany Data Collection Standard (Cook, 1995).

This categorisation resulted in a presence-absence ‘community

matrix’ with medicinal categories in rows and species in columns. In

addition, we created an extra category by merging all medicinal cate-

gories together (hereafter ‘whole medicinal flora’). For the genus-level

analysis, the data were combined into a single column per genus.

Analysing the phylogenetic divergence of a group of species

requires a reference pool, which in our case included all angiosperms

native to Ecuador. We extracted this checklist from POWO (2022)

and harmonised taxonomic names with those of our medicinal dataset

using WFO (2022) criteria through the ‘WorldFlora’ R package

(Kindt, 2020). This resulted in a total of 15,757 species and 2,032 gen-

era, of which 11% (n = 1,803) and 36% (n = 736) have medicinal

applications, respectively.

2.2 | Phylogenetic reconstruction

Species-level phylogenies of Ecuador's native angiosperms were

generated using ‘V.PhyloMaker’ (Jin & Qian, 2019), an R package

that provides a time-calibrated molecular mega-tree of DNA encom-

passing 74,533 species of vascular plants. To address missing spe-

cies (phylogenetic uncertain taxa; PUTs), we opted to randomly

insert them at and below the crown node representing the most

recent common ancestor of their genus, or family in cases where the

former was unavailable (scenario 2 in the phylo.maker function). For

polyphyletic groups, PUTs were placed as described above but in

the largest monophyletic subgroup of congenerics (build.nodes1 in

the phylo.maker function). Once PUTs were bound, the mega-tree

was pruned to the angiosperm native flora of Ecuador. PUTs repre-

sented 74% of the species pool and 54% of the medicinal plants,

which was to be expected, considering that the Neotropical Region

is underrepresented in DNA repositories due to its inaccessibility

and high biodiversity. To address this phylogenetic uncertainty, we

iteratively replicated the procedure described above to generate

n = 100 phylogenies, conducting analyses and averaging results

across all trees (Molina-Venegas et al., 2022; Rangel et al., 2015).

Genus-level phylogenies were obtained by randomly selecting one

species per genus from the species-level trees and pruning the

remaining tips.

2.3 | Phylogenetic divergence analysis

We used the MPD and MNTD metrics to compute the phylogenetic

divergence of each medicinal category. MPD represents the average

distance among all taxa pairs in a sample, while MNTD measures the

average distance from each taxon to its closest relative (Webb

et al., 2002). Here, non-parametric p-values were calculated to test

for significant clustering or overdispersion (two-tailed test) using the

formula:

p-value¼obs:rank=runsþ1, ð1Þ

where obs.rank is the observed value of the metric within a null distri-

bution of values obtained by shuffling taxa labels in the community

matrix n = 999 times (runs). All computations were conducted using

the functions ses.mpd and ses.mntd of ‘Picante’ R package (Kembel

et al., 2010). For a 5% nominal alpha, p-values below 0.025 and above

0.975 indicate significant clustering and overdispersion, respectively.

Calculations were performed for each species- and genus-level phylo-

genetic tree, with results averaged for each metric and taxonomic

resolution. Additionally, 95% confidence intervals were computed to

assess the impact of phylogenetic uncertainty in the analyses (Molina-

Venegas et al., 2022).

2.4 | Identifying clades that significantly influence
phylogenetic divergence metrics

We implemented and expanded the jack-knifing method originally

described by Davies et al. (2016) to identify clades significantly

influencing the phylogenetic divergence metrics MPD and MNTD.

Our goal was strictly limited to describing and comparing this method

against the hot node technique, so replicating the analyses across all

trees and medicinal categories was unnecessary. The procedure was

consequently illustrated using a single genus-level tree and the whole

medicinal flora, primarily owing to the minimal phylogenetic uncer-

tainty at this level and for ease of visualisation.

The jackknifing analysis was conducted as follows. We systemati-

cally pruned all branches descending from each internal node

i (excluding the root node), one node at a time and calculated MPD

and MNTD among medicinal genera for the remaining tree (hereafter

MPDpruned and MNTDpruned). As nodes towards the root tend to sub-

tend more taxa, greater shifts in the metrics are expected for deeper

nodes. Therefore, we computed MPD and MNTD after randomly

pruning the same number of tips representing medicinal genera as in

the previous step, repeating this procedure n = 999 times to draw a

distribution of MPDpruned-null and MNTDpruned-null values. Non-

parametric p-values were computed following equation 1, where obs.

rank represented the rank of MPDpruned and MNTDpruned within their

respective null distributions. For a given node i and a 5% nominal

alpha, p > 0.975 indicates that the medicinal genera descending from

i have a significant influence on the corresponding metric by signifi-

cantly increasing clustering levels. Conversely, p < 0.025 indicates that
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the medicinal genera descending from i contribute significantly to

overdispersion. Hereafter, we will collectively refer to these nodes as

‘jackknifing nodes’, distinguishing between ‘clustering nodes’
(p > 0.975) and ‘overdispersion nodes’ (p < 0.025). Note that any

node must include at least one medicinal genus to contribute mini-

mally to phylogenetic divergence (see Code S1 for R code and further

details).

2.5 | Hot node analysis

Using the same genus-level tree as above and the whole medicinal

flora, we conducted a hot node analysis to identify clades encompass-

ing a significantly high number of medicinal genera. Following equa-

tion 1, we computed a non-parametric p-value for each internal node

i (excluding the root node), where obs.rank was the rank of the

observed value of the hot node metric (i.e. number of medicinal

genera descending from node i) within a null distribution of values

obtained by shuffling the binary trait ‘medicinal’ (1) or ‘not medicinal’
(0) across phylogenetic tips n = 999 times (runs). Hot nodes were

defined as those showing p-values above 0.95 (5% nominal alpha,

one-tailed test). The R code provided by Molina-Venegas et al. (2020)

was used for this analysis, with modifications made to accommodate

the computation of p-values (see Code S2 for R code).

2.6 | Crossover of hot nodes with
jackknifing nodes

We conducted Chi-square tests to assess if the proportion of hot

nodes overlapping jackknifing nodes deviated significantly from ran-

dom expectation. For instance, if 20% of all nodes potentially signifi-

cant in both hot node and jackknifing analyses (i.e. internal nodes

including at least one medicinal genus) are identified as clustering

nodes, the expectation is that 20% of hot nodes overlap with cluster-

ing nodes simply by chance. In total, we conducted four tests, one per

phylogenetic divergence metric (MPD or MNTD) and type of jackknif-

ing node (clustering or overdispersion). All p-values were computed by

Monte-Carlo simulation using 2000 replicates per test.

3 | RESULTS

3.1 | Phylogenetic divergence of medicinal
categories across taxonomic resolutions

The phylogenetic divergence was strongly dependent on the metric

and taxonomic resolution (Table 1). When analysing all medicinal

plants together (i.e. category ‘whole medicinal flora’) at the genus

level, MPD revealed strong clustering and MNTD was non-significant,

whereas, at the species level, both MPD and MNTD showed signifi-

cant overdispersion. Moreover, on the genus-level analysis, over half

the use categories demonstrated significant clustering based on MPD,

and most exhibited random distribution according to MNTD, except

for ‘symptoms’ and ‘muscular-skeletal system disorders’, which

showed overdispersion. Conversely, most categories fit random pat-

terns at the species level, except for ‘skin/subcutaneous cellular tissue
disorders’ and ‘circulatory system disorders’, which showed signifi-

cant clustering according to MPD and MNTD, respectively. Phyloge-

netic uncertainty had a negligible impact, as statistical significance

remained consistent across all phylogenetic trees (Table S1).

3.2 | Influence of hot nodes on phylogenetic
divergence metrics

The phylogeny used for the jackknifing and hot node analyses con-

sisted of 2,030 internal nodes, of which 1,561 contained at least one

medicinal genus, having therefore the potential to be significant in

both analyses. Of these, the jackknifing analysis revealed 485 and

136 nodes significantly influencing MPD and MNTD, respectively

(either for clustering or overdispersion), while the hot node analysis

identified 124 nodes with a significantly high proportion of medicinal

genera (Figures 1 and 2).

Among the 485 jackknifing nodes significantly influencing MPD,

249 and 236 contributed towards clustering and overdispersion,

respectively. Therefore, the number of MPD-clustering nodes

(n = 249) is double that of hot nodes (n = 124). Moreover, although

the overlap between hot nodes and MPD-clustering nodes signifi-

cantly exceeded random expectations (n = 59; χ2 = 92.528,

p < 0.001), 52% of hot nodes did not overlap with MPD-clustering

nodes, and the overlapping hot nodes accounted for only 24% of

MPD-clustering nodes. The number of MPD-overdispersion nodes

(n = 236) was also substantially higher than that of hot nodes, and

their degree of overlap was undistinguishable from random expecta-

tions (n = 24; χ2 = 1.7341, p = 0.214).

Among the 136 jackknifing nodes significantly influencing MNTD,

49 pushed towards clustering and 87 towards overdispersion.

Although the overlap between hot nodes and MNTD-clustering nodes

narrowly exceeded random expectations (n = 8; χ2 = 4.4753,

p = 0.041), 94% of hot nodes did not overlap with MNTD-clustering

nodes and the overlapping hot nodes accounted for only 16% of

MNTD-clustering nodes. The overlap between hot nodes and

MNTD-overdispersion nodes was significantly higher than random

expectation (n = 17; χ2 = 15.598, p < 0.001).

4 | DISCUSSION

4.1 | Phylogenetic divergence across taxonomic
resolutions

The results presented here demonstrate that the choice of taxonomic

resolution can significantly affect outcomes when analysing phyloge-

netic divergence patterns of medicinal plant assemblages. In this

study, switching from genus to species level for MPD resulted in a
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radical shift from significant clustering to overdispersion when analys-

ing the whole medicinal flora, and the number of individual use

categories showing clustering substantially decreased from 12 to only

one. This is crucial because, in the growing body of research within

this field, species- and genus-level phylogenies are indiscriminately

used, neglecting their potential impact.

Our study system involved hyperdiverse genera with an excep-

tionally small proportion of medicinal species, which may partially

explain the observed discrepancies across taxonomic levels. For

instance, the genera Epidendrum and Stelis comprise nine and only one

medicinal representative out of 481 and 494 species in Ecuador.

When analysed at the species level, this abundance of non-medicinal

species contributes longer-than-expected distances among the medic-

inal ones (Figure 3). However, switching from species to genus level

decreases the likelihood of randomly selecting two taxa that are more

closely related than the medicinal ones, and, consequently, phyloge-

netic divergence metrics show higher clustering levels (Figure 3).

The absence of phylogenetic clustering found here at the species

level may also be ascribed to the limited ethnobotanical documenta-

tion in the region. Research focused on the medicinal angiosperms of

China, a country with extraordinarily extensive historical documenta-

tion (Jaiswal et al., 2016), revealed strong clustering on species-level

phylogenies (Zaman et al., 2021). Notably, approximately one-fourth

of Chinese angiosperms are medicinal, whereas in Ecuador, only one

in 10 species is registered as such (de la Torre et al., 2008). Therefore,

our results may underscore the need to intensify documentation

efforts in this region (Cámara-Leret et al., 2014).

On a different note, discrepancies between MPD and MNTD

highlight the benefits of combining these metrics. MPD and

MNTD are predominantly computed in tandem, for they provide

complementary information on ‘deep’ and ‘shallow’ tree-branching

structures, respectively (Mazel et al., 2016; Webb et al., 2002). For

instance, in our genus-level analysis of the whole medicinal flora,

MPD indicated significant clustering while MNTD was not significant.

This suggests that Ecuadorian medicinal genera tend to cluster in large

clades but do not show significant structure within them.

The combined application of both metrics and taxonomic resolu-

tions may contribute to a deeper understanding of eco-phylogenetic

patterns. However, for bioprospection objectives, the use of MNTD

and the most resolved phylogeny possible may be preferable.

TABLE 1 Number of taxa and statistical significance of phylogenetic divergence metrics per medicinal category. The table shows the mean
p-value for mean pairwise distance (MPD) and mean nearest taxon distance (MNTD) across 100 phylogenetic trees at each taxonomic resolution
and medicinal category. Statistically significant results at 5% nominal alpha (mean p < 0.025 and mean p > 0.975 for clustering and overdispersion,
respectively) are highlighted with *.

Species level Genus level

Taxa MPD MNTD Taxa MPD MNTD

Whole medicinal flora 1,803 1.000* 0.999* 736 0.001* 0.895

Anaesthetic 15 0.045 0.118 13 0.026 0.192

Antidotes 293 0.602 0.076 140 0.493 0.606

Blood system disorders 16 0.429 0.783 16 0.282 0.553

Circulatory system disorders 75 0.063 0.006* 60 0.002* 0.036

Digestive system disorders 247 0.434 0.630 183 0.007* 0.660

Endocrine system disorders 78 0.118 0.872 64 0.016* 0.951

Genitourinary system disorders 145 0.324 0.114 113 0.015* 0.262

Immune system disorders 21 0.033 0.223 21 0.003* 0.060

Infections/infestations 520 0.805 0.490 303 0.001* 0.921

Inflammation 256 0.641 0.222 179 0.065 0.470

Injuries 341 0.193 0.536 215 0.004* 0.911

Mental disorders 26 0.048 0.158 20 0.111 0.604

Metabolic system disorders 21 0.094 0.305 17 0.142 0.672

Muscular-skeletal system disorders 149 0.501 0.950 114 0.027 0.991*

Nervous system disorders 110 0.148 0.742 88 0.005* 0.564

Nutritional disorders 35 0.216 0.864 34 0.046 0.697

Pregnancy/birth/puerperium disorders 143 0.174 0.521 109 0.018* 0.895

Respiratory system disorders 192 0.072 0.963 151 0.001* 0.816

Sensory system disorders 48 0.480 0.500 39 0.476 0.820

Skin/subcutaneous cellular tissue disorders 266 0.003* 0.331 187 0.001* 0.409

Symptoms 878 0.882 0.948 450 0.002* 0.991*

Tumours/cancers 80 0.741 0.206 62 0.733 0.520

648 ATIENZA-BARTHELEMY ET AL.
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MNTD is often considered a better indicator than MPD for screening

bioactive plants, as it narrows down potential target species (Saslis-

Lagoudakis et al., 2011; Zaman et al., 2021), given its closer associa-

tion with shallow clades (Mazel et al., 2016; Webb et al., 2002). Simi-

larly, species-level phylogenies allow for a more precise identification

of candidates, because traditional uses are commonly attributed to

species rather than genera. Besides, considering that changes in taxo-

nomic resolution produce different outcomes, genus-level analyses

may not only yield less informative results but also lead to misguiding

conclusions. For example, a node encompassing several genera might

be identified as ‘hot’ when analysed at the genus level if at least one

species per genus is recorded as medicinal. However, conducting the

same analysis at the species level may reveal that the node is not sig-

nificantly ‘hot’ if only a small fraction of the species within each genus

are recorded as medicinal, as observed with Ecuadorian Stelis and

Epidendrum.

4.2 | Clades exerting a significant influence on
phylogenetic divergence

While the hot nodes have been used as the primary method for

identifying clades with a significant impact on phylogenetic clustering,

this study demonstrates their limited revelatory power. Instead, we

highlight the potential of underexploited jackknifing techniques

(Davies, 2021; Davies et al., 2016; Molina-Venegas et al., 2019). The

hot nodes overlapped with only 24% and 16% of the nodes that

significantly contributed to clustering in MPD and MNTD, respec-

tively, thereby overlooking many relevant taxa, such as most medicinal

plants within the campanulid lineage (Figures 1 and 2).

Additionally, our analysis revealed that many hot nodes did not

significantly impact MPD and MNTD (e.g. certain groups in orders

Ericales, Santalales, Rosales, Malvales and families Fabaceae and

Melastomataceae) and, more critically, a significant number of them

contributed to overdispersion instead of clustering (e.g. certain groups

in Arecaceae, Commelinales, Zingiberales and early branching eudicots

in the case of MPD, as well as some deep nodes within the superrosid

lineage for both MPD and MNTD; Figures 1 and 2). Therefore, if the

clades that significantly influence phylogenetic clustering are indeed

those with medicinal value, relying solely on hot nodes may misguide

the search for bioactive potential.

Hot nodes depend exclusively on tree topology, while MPD and

MNTD depend on both tree topology and phylogenetic distances.

Thus, for instance, if a clade showing a significant overabundance of

medicinal taxa (i.e. a hot node) has considerably long branches, it may

have no significant impact on phylogenetic clustering or even contrib-

ute to overdispersion (Figure 4). However, the use of MPD and

MNTD in the search for bioactive potential is based on the premise

F IGURE 1 Differential contribution of
phylogenetic clades to mean pairwise
distance (MPD). Nodes that significantly
contributed to phylogenetic clustering
(p > 0.975) and overdispersion (p < 0.025)
at the 5% nominal alpha are depicted in
red and blue, respectively. [Correction
added on 1 February, after first online
publication: The labelling of p-values in

preceding sentence has been corrected.]
[Correction added on April 21 2025, after
first online publication: The p-value
symbols in preceding sentence has been
inverted.] Brighter colours indicate an
overlap with hot nodes, while unmatched
hot nodes are shown in grey.
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that phytochemical distances correlate with phylogenetic distances.

Accordingly, bioactivity profiles would typically evolve gradually, so

that species separated by shorter phylogenetic distances would more

likely exhibit similar levels and/or molecular structures of these com-

pounds. Nevertheless, this assumption is uncertain, prompting consid-

eration of other alternative models like discontinuous evolution.

Under that scenario, phylogenetic distances may not reliably indicate

bioactive potential, and thus hot nodes may provide a more accurate

identification of promising candidate clades for bioprospection. Given

this uncertainty, we recommend leveraging all available tools to

improve the selection of target plants. For example, if a hot node is

also significantly driving phylogenetic divergence towards clustering,

it would be reasonable to think that the clade is a strong candidate for

bioprospection.

In the context of identifying target species for bioprospection,

emphasis typically rests on hot nodes and clustering-driving nodes.

However, we argue that employing jackknifing techniques to pinpoint

clades significantly contributing to overdispersion may also be

F IGURE 2 Differential contribution of
phylogenetic clades to mean nearest
taxon distance (MNTD). Nodes that
significantly contributed to phylogenetic
clustering (p > 0.975) and overdispersion
(p < 0.025) at the 5% nominal alpha are
depicted in red and blue, respectively.
[Correction added on 1 February, after
first online publication: The labelling of p-

values in preceding sentence has been
corrected.] [Correction added on April 21
2025, after first online publication: The p-
value symbols in preceding sentence has
been inverted.] Brighter colours indicate
an overlap with hot nodes, while
unmatched hot nodes are shown in grey.

F IGURE 3 Hypothetical illustration of
contrasting phylogenetic divergence patterns at
different taxonomic resolutions. The left and right
figures depict species- and genus-level
phylogenies, respectively, with each genus in a
distinct colour. Circle symbols indicate medicinal
taxa in both scenarios. The green genus is highly
diversified, so at the species level, there is a high
probability of randomly picking two terminal
nodes that are phylogenetically closer than the
two medicinal ones (hence resulting in
phylogenetic overdispersion of medicinal species),
while at the genus level, such probability is equal
to zero, as the medicinal taxa are the closest
relatives in the phylogeny.
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valuable. These clades represent phylogenetically isolated groups dis-

tinct from the main clusters of beneficial species, hence potentially

offering additional, complementary benefits (Molina-Venegas, 2021).

The significance of phylogenetically isolated species in delivering mul-

tiple benefits has been validated globally in plants and birds (Gumbs

et al., 2023; Molina-Venegas, 2021), and their potential medicinal

value remains unknown and warrants future investigation.

In conclusion, the hot node analysis is a valuable tool that can be

combined with phylogenetic divergence metrics for a more compre-

hensive approach. However, these methods rely on distinct compo-

nents of the phylogeny and, consequently, the hot nodes only

partially overlap with the nodes responsible for phylogenetic diver-

gence. Therefore, we stress that if the goal is assessing the clades

responsible for phylogenetic clustering, jackknifing techniques such as

the one implemented here are preferable over the hot node approach.

Beyond ethnomedicinal research, these techniques are widely used in

other fields linked to community ecology, including forest dynamics

(Arroyo-Rodríguez et al., 2012; Letcher, 2010; Ribeiro et al., 2016),

biogeography (Souza-Neto et al., 2016; Bose et al., 2019) and plant

invasion (Kalusová et al., 2021), among others. Hence, our findings

bear important implications, not only for the exploration of the medic-

inal potential of biodiversity but also for advancing our understanding

of how evolutionary histories influence the present-day ecologies of

species assemblages.
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