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Abstract

The rapid growth rate of human population, along with the public health crisis encountered in many regions, partic-
ularly in developing world, creates an urgent need for the discovery of alternative drugs. Because medicinal plants
are not distributed randomly across lineages, it has been suggested that phylogeny along with traditional knowledge
of plant uses can guide the identification of new medicinally useful plants. In this study, we combined different sta-
tistical approaches to test for phylogenetic signal in 33 categories of plant uses in South Africa. Depending on the
null models considered, we found evidence for signal in up to 45% of plant use categories, indicating the need for
multiple tests combination to maximize the chance of discovering new medicinal plants when applying a phyloge-
netic comparative approach. Furthermore, although there was no signal in the diversity of medicinal uses—that is,
total number of medicinal uses recorded for each plant—our results indicate that taxa that are evolutionarily closely
related have significantly more uses than those that are evolutionarily isolated. Our study therefore provides addi-
tional support to the body of the literature that advocates for the inclusion of phylogeny in bioscreening medicinal

flora for the discovery of alternative medicines.
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Introduction

The services provided by plants to humanity (here
referred to as ‘plant uses’) are enormous. In traditional
medicine in particular, the world known medicinal flora,
estimated to ~10 000-53 000 species (Schippmann et al.
2002; McChesney et al. 2007), provides health care for
~80% of the global population in developing countries
(Farnsworth et al. 1985). Also, natural plant products and
their derivatives represent more than 50% of all drugs
(Van Wyk et al. 1997) and could contribute ~70% to the
small molecule antiinfective drugs (Newman & Cragg
2007). Furthermore, 25% of modern drugs are derived
from plants traditionally used as medicine (Sahoo et al.
2010). In Africa, where access to modern medical facili-
ties is limited (Elegami et al. 2002), the use of pharmaceu-
tical drugs is an exception to the general trend (Koduru
et al. 2007) as up to 90% of the African population
depends directly on traditional medicine for treating ill-
nesses (Staden 1999; Hostettmann ef al. 2000; Fyhrquist
2007; WHO 2009). In South Africa, for example, ~80% of
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the population depend on traditional herbal medicine
for their primary health care, with more than 25 000
practicing traditional healers (http://www.tac.org.
za/Documents/ResearchPapers/Traditional Medicine_
briefing.pdf; accessed 24 March 2014). South Africa has a
rich tropical and temperate flora, comprising ~24 000
species, which account for more than 10% of the globally
known vascular plants (Germishuizen & Meyer 2003).
Locally known medicinal plants represent approximately
an eighth of this amazing plant diversity (Van Wyk &
Gericke 2000), and several plants that can provide leads
for new drug discoveries may therefore have been cur-
rently overlooked.

Given the immense societal benefits of traditional
plant medicines, there has been a renewed interest in the
search for new plants that might be medicinally useful in
local ethnopharmacopoeias and perhaps for new drug
discovery. Generally, pharmaceutical industries focus
largely their efforts on methods such as synthetic chem-
istry and high-throughput screening. Such approaches
are time-consuming and could perform better if
screening can be focused more on lineages that are more
probably to contain medicinally bioactive compound.
For the purpose of facilitating focused bioscreening, one
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approach that is increasingly suggested in the literature
is the investigation of the phylogenetic pattern of plant
therapeutic uses across medicinal floras. Since the semi-
nal study of Moerman (1991) which demonstrated taxo-
nomic selectivity in the medicinal flora of North
America, numerous studies have also shown that tradi-
tional uses of plants are not randomly distributed across
plant groups. Instead, some groups of plants are over-
represented in local medicinal floras than others (e.g.
Moerman ef al. 1999; Leonti et al. 2003, 2013; Amiguet
et al. 2006; Bennett & Husby 2008; Douwes et al. 2008;
Saslis-Lagoudakis et al. 2011; Weckerle et al. 2011; de
Medeiros et al. 2013). In addition, there is also mounting
evidence of phylogenetic selectivity in traditional plant
medicinal uses (Lukhoba ef al. 2006; Forest et al. 2007;
Ronsted et al. 2008, 2012; Saslis-Lagoudakis et al. 2011,
2012; Zhu et al. 2011). For example, a recent analysis of a
comprehensive database of medicinal floras across dif-
ferent geographical regions (Nepal, New Zealand and
South Africa) revealed that traditional plant uses are not
dispersed randomly along the phylogeny of the regional
floras; rather, they tend to cluster within some lineages
across these disparate floras (Saslis-Lagoudakis et al.
2012). The identification of plant groups that stand out in
ethnomedicine can lead to the underlying properties of
these groups such as their organoleptic properties and
ecological attributes (Leonti et al. 2003, 2013).

Beyond its potential to lead to lineages that are more
prominent in local ethnopharmacopoeias, the phyloge-
netic perspective of ethnobotany has been proposed as a
way of discovering new plants that have medicinal prop-
erties (Rensted et al. 2008, 2012; Saslis-Lagoudakis et al.
2011, 2012).

Despite the importance of traditional medicine in the
sustainability of health care for a large part of the world’s
population, its relevance for the discovery of new medi-
cines has been a matter of controversy (Makhubu 1998;
Fabricant & Farnsworth 2001; Firn 2003; Soejarto et al.
2005; Newman & Cragg 2012). Increasingly, however,
there is advocacy for including traditional knowledge of
herbal medicine in the search for new medicines (Balick
1990; Taniguchi & Kubo 1993; Cox & Balick 1994; Cox
2000; Fabricant & Farnsworth 2001; Lewis 2003; Newman
& Cragg 2012). With the majority of the global flora not
yet explored for its medicinal potential (Soejarto et al.
2005; Gurib-Fakim 2006)—particularly in tropical regions
(Gurib-Fakim 2006)—prioritization of efforts is required
to increase the success rates of biodiscovery schemes.
The observation that medicinal properties in plants tend
to be phylogenetically clustered has suggested that
phylogenies can be used as a tool for prioritizing lineages
to be investigated. Because species sharing similar
evolutionary history (i.e. phylogenetically closely related
species) generally share similar biochemical properties

(Fairbrothers et al. 1975; Rensted et al. 2008, 2012), map-
ping traditional uses and biochemical properties of plant
species on phylogenetic trees could inform us on poten-
tially new medicinal species and which lineages are par-
ticularly rich in these species. However, the relevance of
phylogenetic approach in ethnomedicine has recently
been questioned (Gertsch 2012), and the finding that bio-
chemistry is not always phylogenetically clustered (e.g.
Ronsted et al. 2012) indicates that this approach requires
further exploration.

In this study, we investigate the phylogenetic patterns
in commonly used medicinal plants in South Africa. We
compile a list of commonly used medicinal plants and,
using a series of methods describing the degree of phylo-
genetic clustering, we explore their distribution on the
phylogeny of the Cape Floristic Region, a global biodi-
versity hotspot that harbours ~9000 plant species. Fur-
ther, previous studies have indicated that phylogeny
might also capture cultural importance of medicinal
plants (Saslis-Lagoudakis ef al. 2011; Leonti et al. 2013).
As such, a strong phylogenetic pattern in cultural impor-
tance attached to species would be indicative of nonran-
dom selection of useful plants for traditional users,
although knowledge of plant uses is dynamic (Saslis-
Lagoudakis ef al. 2014). As a measure of cultural impor-
tance, we used the diversity of medicinal uses (i.e. total
number of uses recorded for each taxon). Although this
approach is oversimplistic compared with more sophisti-
cated approaches developed in ethnobotany (e.g. Trotter
& Logan 1986; Prance et al. 1987; Bennett & Husby 2008;
Tardio & Pardo-de-Santayana 2008; Thomas et al. 2009),
these sophisticated metrics require additional informa-
tion that is not available for this wide range analysis (e.g.
numbers of species shown to participants to interviews;
Thomas et al. 2009). Therefore, although a crude mea-
sure, we believe the diversity of uses conveys informa-
tion about the cultural importance of a given taxon on
the premise that more culturally important taxa might
tend to have more uses (Prance et al. 1987).

In addition to testing phylogenetic signal in plant
uses, we also explore the relationships between plant
phylogenetic relatedness and plant cultural importance.
The main aim of this study was to explore the contribu-
tion of phylogenetic methods in understanding the inter-
actions between humans and floristic environments and
in the biodiscovery of new plant medicines.

Material and methods

South African common medicinal plants and their uses

The medicinal flora of South Africa is estimated to ~650
species (Van Wyk & Gericke 2000), of which 132 species
are identified as the ‘most popular and widely used’
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(Van Wyk et al. 1997). A recent study identified 16 addi-
tional plants as commonly used because of their wide
use across the country (Mankga et al. 2013). In this study,
we combined both lists to form a checklist of 148 species
of commonly used medicinal plants distributed across 72
families sensu APG III (2009; Tables S1 and S2, Support-
ing information). Here, we referred to these species as
the commonly used medicinal plants in South Africa. We
conducted an extensive literature review of South Afri-
can flora to document the common traditional uses of
these plant species (Table S1, Supporting information).
We then grouped all uses into 33 categories following
(Mankga et al. 2013): diarrhoea, pneumonia, swellings,
pains, wounds, coughs, fever, asthma, malaria, fertility,
parasites, diabetes, arthritis, haemorrhoids, menorrhagia,
gonorrhoea, laxative, leprosy, abortifacient, aphrodisiac,
infections (skin and eye), sore throat, cancer, ulcers, ease
childbirth, magic, food, cardiac problems, urinary com-
plaints, nervous disorder, respiratory complaints, epi-
lepsy and intestinal problems (Watt & Breyer-
Brandwyijk 1962; Coates Palgrave 1983; Gelfand et al.
1985; Hutchings et al. 1996; Von Koenen 1996, Van Wyk
& Van Wyk 1997; Van Wyk et al. 1997; Pooley 1998;
Neuwinger 2000; Van Wyk & Gericke 2000; Schmidt et al.
2002; Dharani 2006; Lalitha ef al. 2010). The proportions
of uses recorded for each family are presented in Table
S2 (Supporting information).

Phylogenetic tree of local flora

The phylogenetic tree used in our analyses was the
genus-level phylogeny assembled for the Cape flora by
Saslis-Lagoudakis et al. (2012), comprising 794 tips. The
phylogeny was reconstructed using the plastid DNA
rbcL sequences, which were analysed under the maxi-
mum-likelihood criterion based on the GTR +I1+7T
model as implemented in raxmL 7.2.8 (Stamatakis et al.
2008).

Because this phylogeny is assembled at genus level,
we allocated all 148 commonly used medicinal plant spe-
cies to their respective genus. In a few cases where a
genus included more than one commonly used medici-
nal species, this genus was only scored once. As a result,
our data set comprises 142 genera.

Phylogenetic statistical analyses

All analyses were conducted in R (R Core Team 2013).
Prior to analyses, we coded plant uses as binary traits: 1,
when a species is used for the treatment of a particular
ailment of the 33 categories and 0 when no medicinal use
was recorded for a species among the 33 categories iden-
tified (Table S1, Supporting information). The following
analyses were conducted.

© 2014 John Wiley & Sons Ltd
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Phylogenetic signal in medicinal uses

We tested for phylogenetic signal in plant uses using
three alternative metrics: the net relatedness index (NRI)
and the net taxon index (NTI) (Webb et al. 2002) imple-
mented in the R package Picante (Kembel et al. 2010) and
the D statistic (Fritz & Purvis 2010) implemented in the r
package Caper (Orme ef al. 2012) (see Data S1-53, Sup-
porting information for input data and R script). NRI
describes the dispersion of traits (here plant uses)
towards the root of the phylogeny, whilst NTI describes
the patterns towards the tips. For both metrics, positive
values indicate that closely related species have similar
uses (phylogenetic clustering), whereas negative values
indicate an even dispersion along the phylogeny. The
significance of NRI and NTI was assessed comparing the
observed patterns to the expectations after 10 000 ran-
domizations (i.e. a null model of random shuffles along
the entire phylogeny).

The D value for each medicinal use was calculated as
follows:

D= [Z dgps — Mean (Z dh)] /
[mean(>"d,) — mean (Y- )|

dops = Observed, d =sum of absolute differences
between the two ends of each branch in the phylogeny;
d, = expected d after 1000 random shuffles of traits along
the phylogeny; and d, = expected d under a Brownian
motion (BM) model, that is, in a random walk with con-
stant trait variance over time (Felsenstein 1985). D =1
corresponds to a random distribution of uses across the
tips; D = 0 indicates that plant uses are as clustered as
one can expect under a BM model; D < 0 when medici-
nal uses are more clustered than expected by chance
within certain plant lineages (strong phylogenetic sig-
nal), and D > 1 is indicative of a phylogenetic overdi-
spersion (Fritz & Purvis 2010).

Phylogenetic signal in number of reported medicinal
uses

In an earlier study (Lukhoba et al. 2006), it has been
showed a correlation between phylogenetically delimited
clades (within the genus Plectranthus) and number of
plant uses such that highly diverse clade has more
diverse medicinal uses. In addition, Forest et al. (2007)
reconstructed a genus-level phylogenetic tree to show
that an assemblage of plants with high phylogenetic
diversity (here the sum of evolutionary history of indi-
vidual genus) also shows higher number of medicinal
uses (Forest et al. 2007), suggesting a link between
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species evolutionary history and the diversity of services
(here medicinal uses) that taxa provide to humanity, that
is, ‘ecosystem services’ (see Faith ef al. 2010). Based on
these findings, we hypothesized that the diversity of
plant medicinal uses (i.e. the number of uses recorded
for each taxon) would correlate with phylogeny, that is,
plant evolutionary history. We tested this hypothesis in
two ways. First, we applied the D statistic to test for phy-
logenetic signal in diversity of plant use. For this pur-
pose, we determined the 95th percentile of total uses
recorded for all species in our data set and used this
value as a threshold to convert the total number of uses
per taxon into a binary trait, such that taxa whose total
number of uses was below the threshold were arbitrarily
categorized as ‘less diversely used” and scored as 0 and
those above the threshold as ‘diversely used” and scored
as 1. For sensitivity testing, the same categorization (less
vs. diversely used) was carried out using the average
diversity of plant uses in our data set (i.e. average
number of uses for all 142 taxa across the data set) as
threshold.

Second, we measured plant evolutionary history
using Isaac et al’s 2007 evolutionarily distinctiveness
metric (ED). The metric ED describes the uniqueness,
that is, the differences between species in terms of their
evolutionary history and accounts for relationships
between species towards the root of the phylogeny (Isaac
et al. 2007). Again, the 95th percentile of ED values was
used as a threshold to categorize taxa as highly vs. less
distinct species (above and below the percentile, respec-
tively). If there is a phylogenetic basis in diversity of
uses, we would expect a strong relationship between ED
categories (i.e. highly vs. less distinct species) and use
categories (i.e. diversely used vs. less diversely used spe-
cies). This correlation was assessed using Pearson’s j”
test.

Results

Phylogenetic signal in medicinal uses

The most diverse families in medicinal uses in this study
are Fabaceae (~13% of total uses recorded), Apocinaceae
and Apiaceae (~5% each), whereas the least diverse fami-
lies are Amaranthaceae, Caprifoliaceae and Rosaceae
(~0.12% each; Table S2, Supporting information). In gen-
eral, these medicinal uses are spread along the phylog-
eny (see Fig. 1), suggesting an overall phylogenetic
overdispersion of plant uses. To test this, we conducted
several tests of phylogenetic signal in plant uses. The
results of these tests are presented in Table 1. Of the 33
medicinal uses analysed, the NRI metric identified only
one significant clustered use (3% of total number of uses
recorded), that is, treatment of ‘intestinal problems’

Fig. 1 Phylogeny of the Cape flora indicating the distribution of
commonly used medicinal genera. This phylogeny is the genus-
level phylogeny of Saslis-Lagoudakis ef al. (2012). Medicinal
genera as recorded in this study are indicated by the dots at the
tips of the phylogeny.

(NRI = 2.89, P =0.001). Similar clustering pattern was
found for three plant uses (9% of all usages) when the
phylogenetic structure was analysed using NTI metric:
treatment of ‘intestinal problems’ (NTI = 1.83,
P = 0.034), treatment of fever (NTI = 2.14, P = 0.012) and
facilitation of childbirth (NTI = 1.68, P = 0.036).

Using the D statistic to compare the observed patterns
to the random shuffle along the phylogeny, we found
evidence for phylogenetic structure in only two uses (6%
of all uses): treatment of fever (D = 0.48; P = 0.024) and
strong signal in treatment of diabetes (D = —1.018;
P < 0.001). However, when we compared the observed
patterns to the expectations under a BM model, we
found that 15 medicinal uses (45% of all uses) were as
clustered on the phylogeny as expected under a BM
model (Table 1). Overall, the vast majority of plant uses
are not significantly clustered on the phylogeny, thus
confirming the dispersion observed in Fig. 1.

Phylogenetic signal in diversity of medicinal uses

Testing the phylogenetic signal in diversity of uses (our
simplistic measure of plant cultural importance), we
found D =1.21, which matches a random dispersion
(P = 0.83) but differs significantly from 0, that is, BM
expectation (P = 0.00), indicating the absence of phyloge-
netic structure. However, the diversity of uses was
strongly associated with the evolutionary history of taxa,
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P values

Medicinal uses NRI P values NTI P values D values Random shuffle Brownian motion
Diarrhoea 0.55 0.273 —1.26 0.903 0.81 0.23 0.017
Pneumonia NA NA NA NA 3.35 0.98 0.003
Swellings 0.59 0.28 —0.04 0.512 0.90 0.37 0.063
Pains 0.16 0.408 1.25 0.108 1.23 0.83 0.00
Wounds —-2.19 0.989 -1.12 0.877 0.98 0.45 0.002
Coughs 0.83 0.212 0.24 0.406 1.24 0.81 0.00
Fever 0.73 0.231 2.14 0.012 0.48 0.02 0.132
Asthma —0.02 0.486 0.89 0.18 1.09 0.57 0.028
Malaria —0.30 0.619 —0.35 0.653 1.40 0.91 0.00
Fertility —0.41 0.658 —0.92 0.818 1.35 0.87 0.00
Parasites -2.13 0.984 —1.44 0.927 0.85 0.28 0.023
Diabetic —0.84 0.796 —0.63 0.736 —1.02 <0.001 0.854
Arthritis -1.33 0.91 —1.95 0.981 1.50 0.82 0.029
Haemorrhoids -0.83 0.78 -1.18 0.884 0.71 0.26 0.192
Menorrhagia —-0.91 0.831 -1.16 0.891 1.29 0.68 0.051
Gonorrhoea 0.76 0.213 0.07 0.458 0.93 0.42 0.11
Laxative NA NA NA NA 1.24 0.58 0.194
Leprosy —0.004 0.513 —0.34 0.635 0.58 0.26 0.305
Abortifacient 1.44 0.078 0.67 0.24 0.49 0.13 0.288
Aphrodisiac —0.31 0.617 0.04 0.449 1.06 0.52 0.072
Infections —0.90 0.816 —0.89 0.815 1.21 0.81 0.00
Sore throat -0.83 0.793 —1.06 0.855 0.39 0.11 0.342
Cancer 0.002 0.513 0.52 0.296 0.86 0.35 0.089
Ulcers —0.026 0.507 0.52 0.29 0.73 0.14 0.041
Ease childbirth 0.72 0.249 1.68 0.036 1.17 0.70 0.007
Magic —2.41 0.995 -1.05 0.852 1.63 0.86 0.005
Food 0.60 0.276 0.58 0.281 1.03 0.50 0.169
Cardiac problems —0.82 0.796 1.02 0.158 0.91 0.40 0.057
Urinary complaints —0.25 0.574 0.13 0.45 0.72 0.13 0.051
Nervous disorder —0.007 0.494 —0.54 0.694 1.51 0.85 0.007
Respiratory complains 0.33 0.363 1.13 0.119 0.74 0.10 0.032
Epilepsy 0.87 0.193 0.20 0.416 0.81 0.25 0.046
Intestinal problems 2.89 0.001 1.83 0.034 0.92 0.33 0.004

NRI, net relatedness index; NTI, net taxon index; D, Fritz and Purvis’ D statistic.

such that less distinct taxa, that is, closely related taxa
tend to have more medicinal uses (;* = 29.41; d.f. = 1;
P < 0.001; Figs 2 and S1).

Discussion

The phylogenetic comparative methods are increasingly
applied to analyse ethnobotanical data (e.g. Lukhoba
et al. 2006; Forest et al. 2007; Saslis-Lagoudakis et al.
2011, 2012) with the main aim of exploring the potential
phylogenetic basis of traditional plant knowledge (Saslis-
Lagoudakis et al. 2012). Our study contributes to this
body of the literature by testing for phylogenetic signal
in commonly used medicinal plants and the diversity of
uses in South Africa. A recent study has provided a
broader picture of phylogenetic ethnomedicine in South
Africa’s flora in comparison with other regional floras
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(Saslis-Lagoudakis et al. 2012). Similar to Saslis-Lagouda-
kis et al. (2012)’s study, we also tested for phylogenetic
signal in plant medicinal uses in South Africa, but our
study differs from theirs in two ways. First, we restrict
our focus on only commonly used medicinal plants. As
such, we are somewhat testing the relationships between
phylogeny and plant cultural importance. Second, we
also differ from theirs in our attempts to combine several
phylogenetic statistical methods to explore signal. Over-
all, our findings show that the majority of commonly
used medicinal plants were not significantly clustered on
the phylogeny. The variation in the number of medicinal
use categories that were clustered among methods is not
surprising because different methods depict different
evolutionary models (e.g. see Blomberg ef al. 2003;
Hardy et al. 2012), thus suggesting the need for multiple
tests when applying phylogenetic comparative methods
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(Hardy et al. 2012) as the model that best describes trait
evolution is generally unknown; at best, the model
should be tested before applying a particular phyloge-
netic comparative method. The highest proportion of
phylogenetically clumped medicinal uses (i.e. 45%) was
found when comparing observed distribution of medici-
nal uses along the phylogeny with the expectation under
a BM model. However, although the BM model has been
assumed as null expectation in several studies (e.g.
Blomberg et al. 2003), its universality has been dis-
counted in many others (e.g. Mattila & Bokma 2008; Ack-
erly 2009; Yessoufou et al. 2012), further highlighting the
need for multiple test comparisons.

Our results might seem contrary to that of Saslis-
Lagoudakis ef al. (2012) who found that ~54% of plant
use categories in South Africa were significantly
clumped on the phylogeny. However, our results are not
directly comparable, for three reasons. First, we focused
here on only commonly used plants (i.e. 142 of 650
medicinal taxa recorded in South Africa; Van Wyk &
Gericke 2000), whilst Saslis-Lagoudakis et al.’s focus was
broader. Second, our phylogenetic pool is also restricted
to the Cape flora, as a phylogenetic tree of the whole of
South Africa’s flora (>20 000 species) was not available,
whereas Saslis-Lagoudakis et al. (2012)’s pool was the
combination of three disparate floras. Such restrictions
could potentially blur the strength of phylogenetic signal
in a given trait as the detection of signal may be influ-
enced by the size of the pool considered (e.g. see Kraft
et al. 2007). Third, our use categories are more parti-
tioned than those in Saslis-Lagoudakis et al. (2012)—33
vs. 13 use categories.

Fig. 2 Stacked histograms of the relation-
ships between species evolutionary his-
tory and diversity of medicinal uses.
Evolutionary history is measured here as
species evolutionary distinctiveness (ED)
following Isaac et al. (2007). As we did
not use the complete phylogeny of Angio-
sperm species (which does not exist), the
values of ED reported in this study for
each taxa are valid only when considered
High within the context of the Cape flora. The
Low categorization of high vs. low (for ED and
diversity of plant uses) is delimited using
the 95th percentile of values of each
parameter (see also Fig. S1, Supporting
information and Materials and Methods).

Diversity of uses

We further explore the predictive power of phylogeny
in ethnobotanical uses. We partitioned our data set of
medicinal plants into two groups: species with high
diversity of medicinal uses vs. species with low diver-
sity, based on the number of medicinal uses recorded for
each taxon. Using the D statistic, we did not find evi-
dence for phylogenetic signal in diversity of uses, per-
haps highlighting the influence of convergent evolution
(or perhaps co-evolution) whereby secondary chemical
compounds originate independently in taxa that are not
phylogenetically closely related (Pichersky & Lewinsohn
2011). The vast majority of species included in this study
have multiple uses. The absence of signal in number of
uses could be a consequence of this multiple use of less
related species.

However, when we evaluated the relationships
between the evolutionary history of these two groups of
species (species with high diversity of medicinal uses vs.
species with low diversity), our results indicate that phy-
logenetically less distinct taxa (i.e. taxa with several clo-
sely relatives) tend to have more diverse medicinal uses
than evolutionarily distinct taxa. This finding suggests
that it is more probably to find taxa with more uses in
species-rich clades, rather than in species-poor clades
(see also Lukhoba et al. 2006 for medicinal use compari-
son between clade ‘Coleus’ and the remaining clade of
the genus Plectranthus) that might be represented with
more long-branched taxa. One explanation for evolution-
ary distinct taxa having lower number of uses could be
that older taxa might be less abundant in the flora, thus
limiting knowledge on their medicinal properties. A
recent analysis of the Cape flora in South Africa
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indicated that phylogenetically younger species (phylo-
genetically less distinct taxa) are more threatened with
risk of extinction (Davies ef al. 2011), suggesting these
species tend to be less common, perhaps as a result of
human pressure.

Around the world, traditional medicine forms a sig-
nificant source of primary health care. It is regarded
as the most common and easily accessible source of
medicine in most developing nations (Bello ef al. 2011).
The value of traditional medicine is even greater in
African countries where the vast majority of the popu-
lation relies almost exclusively on its services (Hostett-
mann et al. 2000; Newman et al. 2003). The amazing
diversity of South African flora (~10% of the global
angiosperm diversity) could be a more important
source of new medicines if continued commitment is
devoted to the search for new medicinal plants (Van
Wyk 2011). There are several evidences that traditional
knowledge of medicinal plants is useful in the search
for new medicines (Balick 1990; Taniguchi & Kubo
1993; Cox 2000; Lewis 2003; Harvey 2008; Sehgal et al.
2012). Recently, the use of phylogenetic approach has
been proposed as a potential guiding tool to facilitate
and accelerate this search (Ronsted et al. 2008, 2012;
Saslis-Lagoudakis et al. 2011, 2012). This is based on
the principle that, because underlying chemistry is
evolutionarily conserved (Agrawal et al. 2009; Rensted
et al. 2012), directing searches for new medicines
within lineages identified as prominent in traditional
medicine, could enhance outcomes. However, although
phylogeny is assumed to capture ecosystem services
(‘evosystem services’; Faith et al. 2010) including
medicinal uses (Forest et al. 2007), several authors have
indicated that caution must be exercised over the spe-
cific trait and scale under consideration (e.g. Rensted
et al. 2012; Winter et al. 2013; Kelly et al. 2014).

Our study aimed to investigate the generality of phy-
logenetic patterns in traditional herbal medicine, by
exploring evolutionary relationships of commonly used
medicinal plants of South Africa. Whatever the methods
applied, we consistently found evidence for phylogenetic
clustering in some use categories, but never for the
majority. Our findings indicate that, at least for com-
monly used medicinal plants, there is no evidence of
phylogenetic signal in the majority of plant uses as
shown in different studies that apply different methods
(Forest et al. 2007; Saslis-Lagoudakis et al. 2012; and this
study). Hence, the present work suggests that further
exploration of ethnobotanical uses in a phylogenetic con-
text is needed before the generality of the phylogenetic
pattern in ethnobotany is globally accepted. Finally, we
found that taxa with more uses are randomly distributed
on the phylogeny, but are generally not evolutionarily
distinct. This finding receives support from the ethnobo-
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tanical literature, which shows that species-rich, wide-
spread taxa are more probably to be included in local
ethnopharmacopoeias (Stepp & Moerman 2001; Leonti
et al. 2013). These observations demonstrate how phylo-
genetic tools can reveal underlying patterns in plant
selection by human communities. However, we believe
these explorations highlight the need for reliable ethno-
botanical data and therefore advocate for further finan-
cial support for ethnobotanical studies. This is
particularly important as there is a widespread tread of
erosion of traditional knowledge on plant uses world-
wide (Voeks & Leony 2004; Srithi et al. 2009).
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