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Research

Abstract

Background: In quantitative ethnobotany, different statistical tools and approaches have been used to compare medicinal
floras with the overall flora of a given area and to investigate over- and under-represented medicinal plant families.

Methods: In this study, we analyzed a dataset of medicinal plant species of Nepal to evaluate their usefulness in traditional
medicines in Nepal. We compared five different statistical methods (Bayesian, Binomial, Least-square, Log-transformed, and
Negative-binomial) to test which plant families are more likely to harbor more medicinal plant species that are being used.

Results: Among the tested methods, least-square method was found more pertinent in the sense that the over-represented
medicinal plant families of this approach and that being used in traditional medicines resembled the greater affinity. For
small and community level datasets, negative-binomial analysis was found pertinent. Thus, it is particularly important to
combine statistical approaches for small, and moderate-sized data to avoid inherent methodological biases. The combined
approach of all five statistical methods generated the over-represented plant families in the following order Moraceae,
Cucurbitaceae, Zingiberaceae, Rutaceae, Solanaceae, Euphorbiaceae, Lamiaceae, and Anacardiaceae, which is close to the
result of 5% significance level of negative-binomial analysis.

Conclusions: This analysis allowed us to identify plant families which are apparently underutilized and which apparently are
substantial sources of traditional medicines in Nepal. This study also contributed to the discussion of the methodology to
test the non-random theory of medicinal plant selection. Similar assessments are needed for finding out the best methods

for identifying the over- and under-utilized plant species.
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Selection of plants for traditional medicines follows a non-random hypothesis (Bennet & Husby 2008), where
ethnopharmacological, geographical, socio-cultural, ecological, phylogenetic and plant therapeutic traits are taken care of
(Farnsworth & Bingel 1977; Moerman 1979; Cox 1990; Kunwar et al. 2018; Kutal et al. 2021; Kunwar et al. 2022). Some
studies also confirmed that closely related plant families are more likely to have similar medicinal uses than those that are
phylogenetically distant (Saslis-Lagoudakis et al. 2014; Gaoue et al. 2021). The selection is also found taxonomically
influenced since some certain plant families are more likely to be collected than others (Moerman 1996; Bennet & Husby
2008). It predicts that large families are more likely to be richer in medicinal plants than small-sized families (Moerman (1991,
1996). Given that plant family can become a determinant of plant use value (Phillips & Gentry 1993), identification of over-
and under-represented families is a first step toward prioritization of research efforts for sustainable use, conservation and
drug discovery (Saslis-Lagaudis et al. 2011; Muleba et al. 2020). Conservation of useful plant species and families can be
maintained and enhanced once the complexities of a cultural landscape and knowledge, diversity, usefulness and richness
of plants and the associated theory, principles and practices are tested (Ali et al. 2024). The use of plant databases and the
associated knowledge of plant-uses to test theories and hypotheses in Nepalese ethnobotany is not yet a common practice
despite the recent calls for more hypothesis-driven ethnobotanical research (Muleba et al. 2020). The paradigm shifts toward
a more hypothesis- or theory-driven ethnomedicinal study is urged in Nepal (Kutal et al. 2021) to make ethnobotany a
stronger scientific discipline with theories and hypotheses that can be used to predict new medicinal plant uses as well as
better explain plant-human interactions (Gaoue et al. 2021).

To test the non-random hypothesis and appraise the influence of taxonomic (family) characteristics in traditional medicines,
Moerman (1991, 1996) applied the use of linear regression analysis. Some other studies employed the binomial (contingency
table) (Bennet & Husby 2008), least-squares regression (Douwes et al. 2008), Bayesian analysis (Weckerle et al. 2011;
Kindscher et al. 2013; Medeiros et al. 2013), negative-binomial regression (Robles et al. 2020), and log-transformed linear
regression (Muleba et al. 2020) to evaluate the relationships between the number of medicinal plants and total plants in a
family. All these tools were useful for determining medicinal plant use differences among plant families, although the result
varied by geography and the ethnic groups. A review of studies (Table 1) around the world reveals that the medicinal
importance of plant families is only partly overlapping across space (Phumthum et al. 2019). However, such assessments in
Nepal are scant since the hypothesis-driven ethnobotanical studies are limited (Kutal et al. 2021; Kunwar et al. 2022). In this
gap, we analyzed and compared the medicinal usefulness of plant families across Nepal, considering the research question
why some plants in a particular family are predominantly over-utilized in some traditional medicines and in some regions
while other plants are underutilized?

Table 1. Important ethnomedicinal plant families identified from other parts of the world

Lamiaceae|Asteraceae |Fabaceae |Malvaceae |Apiaceae|Euhorbiaceae |Poaceae |Rosaceae |Ranunculaceae |Solanaceae |Rutaceae

Campania, N
Italyp v v
Belize v v \
Ecuador?! v v v \ \ \
Ecuador? v \
Mexico v v \ \
North v v \
America v
Kansas, N N N N v
USA
Hawaii \ \ J
Nepal* v v v \ \
Nepal? v v \
India v v \ \ \
Pakistan v \
Thailand v v v v \ \
South N \
Africa?
South N \
Africat v v v
World v v \ \ \ \

12 10 10 6 5 4 4 4 4 3 2

World (Kew 2017); India (Kapur et al. 1992); North America (Moermann 1996); Kansas USA (Kindscher et al. 2013); Mexico
(Leonti et al. 2003); Belize (Amiguet et al. 2006); Ecuador! (Robles et al. 2020); Ecuador? (Bennett & Husby 2008); South




Ethnobotany Research and Applications 3

Africal (Douwes et al. 2008); South Africa2 (Muleba et al. 2020); Hawaii (Ford & Gaoue 2017); Thailand (Phumthum et al.
2019); Italy (Weckerle et al. 2011); Nepal! (Kutal et al. 2021); Nepal? (Kunwar et al. 2022); Pakistan (Khan et al. 2011)

Materials and Methods

In this paper, we used five different statistical approaches (least-square regression, log-transformed GLM regression,
binomial analysis, negative-binomial regression, and Bayesian analysis) to test whether a family is over- or under-
represented in an ethnomedicinal flora in comparison to overall local flora of Nepal. For this, we used the dataset collected
and adapted from an online database (efloras.org) and other literature (Press et al. 2000; Manandhar 2002; Baral & Kurmi
2006; Kunwar et al. 2010; Kunwar et al. 2011; Kunwar et al. 2021; Shrestha et al. 2022; Kutal et al. 2022; Kunwar et al. 2022).
The dataset contains total plant families (231), total number of plant species (6526), and total number of medicinal plant
species (1506). The latter dataset was pooled from the resource of Kunwar et al. (2022) and the species recorded from at
least two districts were considered for this study. Plant families follow the plant list theplantlist.org. The lowest taxon used
for this study was species.

The number of medicinal plant species in a family used by ethnic communities is a response variable and the size of the
family is an explanatory variable for regression analysis. To precisely identify the over-used and under-used plant species we
used raw residuals and studentized residuals. While Moerman et al. (1999) used the raw residuals, we computed studentized
residuals in order to compare them with the appropriate quantiles of the Student’s t-distribution. A raw residual is the
difference between the observed value and the predicted value for a data point. Studentized residuals are computed as
regression model raw residuals divided by adjusted standard error of the raw residuals. Studentized residuals are more
robust statistical measures to identify over-used and under-used species compared to raw residuals. Studentized residuals
make the test easier to compare and interpret across different datasets and models. We applied graphs, raw residuals, and
studentized residuals for least-square regression, log-transformed regression, and negative-binomial regression models to
find the noticeable overused and underused medicinal plants. We also included binomial analysis and Bayesian analysis to
identify over- or under-represented families. Binomial analysis is appropriate to analyze low-use and high-use of medicinal
plant species since the distribution of species are not evenly distributed among the families in the dataset. We calculated
the expected value from the number of medicinal plant species per family. Using the expected values (observed value -
expected value), we identified which plant families are significantly overused and underused. Bayesian approach allows us
to incorporate prior knowledge and new data information. It is particularly useful in ethnobotany since it can handle complex
models, small sample size, and variability in a dataset.

Statistical Analysis

Statistical analysis in ethnobotany is crucial for understanding the relationships between plants and the cultural practices of
different human communities. We fitted the least square regression model (LM) for medicinal species per family against
total species. Using the general linear regression model, the total number of selected species per family was regressed on
the total number of species in the same family in the area. The over or under-represented families were identified when the
raw residuals and studentized regression residuals of the fitted line position in the extreme positive and negative residuals
(Robles et al. 2020). Species with studentized residual falling into the lower or upper +2 values indicate that less or more
used respectively than expected based on the availability.

We performed the log-transformed GLM regression to test the association between the number of medicinal plant species
per plant family and the total number of plant species per family after the log transform. These variables were log1p
(i.e.log (1 + x)) transformed prior to see the association between these variables. This log (1 + x) transformed ensures
the normal residuals and homogeneity of the variance (Phumthum et al. 2019). We identified over-utilized and under-utilized
medicinal plant species based on the positive and negative residual values. Families with positive residuals were considered
as over-utilized since they have a greater number of medicinal plant species than estimated from the general linear
regression model. Families with negative residuals were considered under-utilized since this indicated that these families
have less medicinal plant species than estimated from the predicted model.

The negative binomial regression model was most useful for our dataset since our datasets showed largest variance in
compared to mean (mean (6.51) < variance (156.31)). The negative binomial regression model showed the positive non-
linear association between total plant species family size and number of medicinal plant species per family (Muleba et al.
2020) in the population (1 = 0.0160 + 0.0009, Z = 16.59, p < 0.00001). The studentized residual followed a distribution with
228 degrees of freedom (n — k — 2) for the entire dataset. The critical value for the dataset a2, af=1.97 at significance
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level 5%. Families with positive residuals are over utilized medicinal plant species and families with negative residuals
indicate under-utilized medicinal plant species. The range of residual values in the negative binomial model is from -1.2528
to0 4.2412. We fitted generalized linear model with negative-binomial following Robles et al. (2020) and Muleba et al. (2020).

The Bayesian analysis is based on the assumption that the overall average proportion of selected plants in the flora is not
observed without error; this being especially relevant for small datasets (Weckerle et al. 2011). In this study we used non-
informative prior distribution. To identify over-represented and under-represented medicinal plant families, we compared
the 95% credible interval of the average proportion of overall dataset with the corresponding 95% credible interval for each
family. If the 95% credible interval of a family fell outside (left/right) of the 95% credible interval of the overall dataset, those
families are over-or under-represented medicinal plant families.

Binomial analysis is also appropriate to analyze over-used and under-used medicinal plant species since the distribution of
medicinal plant species are not evenly distributed (not homogeneous since p-value < 0.0001 from Chi-square goodness of fit
test) among the families in the dataset. The binomial test is based on the assumption that medicinal species are allocated
within a family according to the proportion of medicinal species in the flora (Bennet & Husby 2008). Binomial analysis can
be used to access whether medicinal plant species per family are being over-utilized or under-utilized compared to their
observed frequency and expected frequency in an available data set. We tested whether the observed frequencies deviate
significantly from the expected frequencies, and we calculated the p-value associated with observed frequencies under the
null hypothesis. The positive deviation between observed and expected frequencies with low p-value indicated that the
medicinal plant species is used significantly more frequently than expected. The negative deviation between observed and
expected frequencies with low p-value indicated that the medicinal plant species is used significantly less frequently than
expected.

We tested if the proportion selected within a family was proportionally more or less compared to the average proportion of
the dataset. When the within-family proportion of selected species was statistically less (more) than the overall average
proportion of the dataset, then the family was considered under-used (over-used). We computed the expected value of each
family multiplying total number of plant species in a family and a total number of medicinal plant species used in an entire
dataset divided by the total number of plant species in an entire dataset. Based on the deviation values of expected value
and observed value, we obtained the over-used and under-used medicinal plant families. To identify which families are over-
or under-used, we calculated the residuals and studentized residuals. We then compared the percentage agreement among
these five approaches. This allowed us to investigate the agreement among the results under different methods (least
square, log transform, negative binomial, binomial, and Bayesian). The application of these methods is based on the
assumption that the main factor that drives the selection of medicinal plant species is phylogeny (plants in the same family
have closer relationships and will all be preferentially selected/avoided). We also identified the minimum number of taxa
within a family that would be required to identify over- and under-used given the five sets of analyses observed for the
dataset.

Results
The total used medicinal species is around 23% (1506/6526=0.2307) and the 95% posterior credible interval of the overall
proportion of species is between 0.2207 (22%) and 0.2412 (24%).

Log-transformed (Lt), least-square (Ls) and negative-binomial (Nb) regressions

The log-transformed regression model showed the positive linear association between total plant species family size and
number of medicinal plant species per family in the population (B1 = 0.6832 + 0.0236, t = 28.949, p < 0.00001). The range of
residual values in the log-transformed GLM was from -3.1614 to 1.8727. The log-transformed regression analysis is used to
analyze the medicinal plant per family against the total plant species with an R? of 78.5%.

The least-square regression shows the medicinal plant species per family against the total plant species with an R? of 67.4%,
which depicts that 67.4% of the variance in the number of medicinal plants used traditionally for medicine per family can be
explained by the number of available plant species per family. The range of residual values in the least-square regression
linear model was from -7.5262 to 5.5402.
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Figure 1. Log-transformed analysis of the number of medicinal plant species per family against the number of total number

of plant species per family in Nepal
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Figure 2. Least-square regression of the number of medicinal plant species per family against the number of total numbers
of plant species per family in Nepal

The negative-binomial regression model showed the positive non-linear association between total plant species family size
and number of medicinal plant species per family in the population (1 = 0.0160 + 0.0009, Z = 16.59, p < 0.00001). The
studentized residual followed a distribution with 228 degrees of freedom (n — k — 2) for the entire dataset. The critical
value for the dataset t,/, 45=1.97 at significance level 5% was from -1.2528 to 4.2412.
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Figure 3. Negative-binomial regression of the number of medicinal plant species per family against the number of total
numbers of plant species per family in Nepal

Binomial and Bayesian analyses

The distribution of medicinal plant species among families is not homogeneous since we obtained very small p-value (p-
value<0.0001) from chi square goodness of fit test in Binomial regression. This indicated that medicinal plants are not evenly
distributed among the corresponding families in the entire data set. Five-first over-represented families in Binomial
regression are Euphorbiaceae, Moraceae, Lamiaceae, Solanaceae and Zingiberaceae and that in Bayesian analysis are
Anacardiaceae, Balanophoraceae, Moraceae, Combretaceae and Rutaceae. In Bayesian analysis, the families Anacardiaceae
(0.5435), Balanophoraceae (0.4782), Moraceae (0.4659), Combretaceae (0.4619), Rutaceae (0.4567) are superior having
values greater than 0.2412 of 95% credible interval of overall families.

Table 2. The five-first and the five-last ranked families being used in traditional medicines in Nepal

Rank

Least-square

Log-transformed

Negative-binomial

Bayesian

Binomial

Overused 1 | Fabaceae Moraceae Moraceae Anacardiaceae Euphorbiaceae
Overused 2 | Asteraceae Anacardiaceae Zingiberaceae Balanophoraceae | Moraceae
Overused 3 | Lamiaceae Rutaceae Cucurbitaceae Moraceae Lamiaceae
Overused 4 | Rosaceae Zingiberaceae Rutaceae Combretaceae Solanaceae
Overused 5 | Euphorbiaceae Cucurbitaceae Solanaceae Rutaceae Zingiberaceae
Underused 1| Orchidaceae Aquifoliaceae Orchidaceae Acanthaceae Orchidaceae
Underused 2| Cyperaceae Sabiaceae Poaceae Boraginaceae Poaceae
Underused 3| Poaceae Juncaceae Asteraceae Pteridaceae Cyperaceae
Underused 4| Caryophyllaceae | Cyperaceae Cyperaceae Gentianaceae Scrophlulariaceae
Underused 5| Saxifragaceae Thelypteridaceae | Aquifoliaceae Thelypteridaceae | Caryophyllaceae

A summary of studentized residuals of least-square, log-transformed and negative-binomial analyses are presented in Fig. 4.
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Table 3. Important ethnomedicinal plant families in traditional medicines in Nepal
District/ Asteraceae |Lamiaceae |Fabaceae [Euphorbiaceae |Poaceae |Rosceae [(Amaranthaceae Solanaceae Moraceae |Rutaceae |Zingiberaceae |Ranunculaceae |[Apiaceae
Family
Arghakhanchi |6 5 4 4 4
Baglung 7 5 4 4 i1 3
Baitadi 3 2 2 2
Banke 2 3 4 5 2 P
Bara 12 8 8 3
Bardiya 3 4 8 3
Bhaktapur 6 4 3 7
Bhojpur 5 2 1 1 2
Chitwan 3 4 4 3
Dang 7 5 8 4
Darchula 8 2 5 7 2
Dhading 7 7 7 B 3
Dhankuta 2 1 1 1 L
Dolakha 6 6 2 6 P 2 2
Dolpa 3 2 2 2
Gorkha 6 4 6 v 3
Gulmi 8 7 7 4 4
Humla 9 13 4 12
llam 2 3 2
Jhapa 5 5 5 4 4
Jumla 8 4 14 8 4
Kanchanpur 4 2 5 2 16
Kapilbastu 4 4 6 2 i1
Kaski 9 5 7 9 4
Kathmandu 5 2 2 2 2
Kavre 11 6 5 6
Lalitpur 14 5 9 7 6
Lamjung 6 5 6 3
Makwanpur 18 5 5 b
Manang 10 5 8 3
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Total species (271 185 252 113 112 104 42 61 b4 42 45 62 35

Species/study |5.21 3.56 4.84 2.17 2.15 2.02 0.81 1.15 1.23 0.81 1.17 0.87 0.33

Arghakhanchi (Poudel et al. 2021); Baglung (Manandhar 1993); Bara (Singh 2017); Baitadi (Thapa et al. 2020); Banke (Manandhar 1998); Bardiya (Pariyar et al. 2021); Bhaktapur (Dulal et al.
2022); Bhojpur (Paudyal et al. 2021); Chitwan (Dangol & Gurung 1991); Dhading (Kunwar et al. 2006); Dolakha (Karki et al. 2023); Darchula (Joshi et al. 2021); Dhankuta (Subba et al. 2016);
Dang (Manandhar 1985); Dolpa (Kunwar & Adhikari 2005); Gulmi (Acharya 2012); Gorkha (Tamang & Sedai 2016); Humla (Rokaya et al. 2010); llam (Bhattarai 2018); Jhapa (Rai 2004); Jumla
(Manandhar 1986); Kathmandu (Silwal 2020); Kapilbastu (Mahara et al. 2022); Kaski (Adhikari et al. 2019); Kanchanpur (Bhatt & Kunwar 2021); Kavre (Manandhar 1991); Lamjung (Manandhar
1987); Lalitpur (Silwal et al. 2023); Manang (Bhattarai et al. 2006); Mustang (Bhattarai et al. 2010); Myagdi (Manandhar 1995); Makawanpur (Luitel et al. 2014), Morang (Baral & Bhagat 2018);
Nawalparasi (Bhattarai et al. 2009); Okhaldhunga (Karki et al. 2023); Parbat (Malla et al. 2015); Panchthar (Bhandari et al. 2021); Palpa (Singh et al. 2018); Rasuwa (Shrestha et al. 2014); Rukum
(Bhatta 1999); Rolpa (Budha-Magar et al. 2020); Rupandehi (Singh et al. 2011); Sunsari (Ale-Magar et al. 2022); Sindhupalchok (Gurung 2023); Saptari (Chaudhary et al. 2021); Salyan (Kurmi &
Baral 2004); Syangja (Aryal & Thapa 2019); Sindhuli (Manandhar 1990); Sankhuwasawa (Dewan et al. 2023); Tehrathum (Rai 2003); Parsa (Singh 2017); Ramechap (Prashan et al. 2020).
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Discussion

Statistical analyses and most reported families
Total 27 plant families contributed half of the medicinal plant species (n = 753) of Nepal and the top five families namely

Orchidaceae, Poaceae, Asteraceae, Fabaceae and Cyperaceae contributed 283 medicinal plant species (18.7%). Seven
families (Lamiaceae, Asteraceae, Poaceae, Fabaceae, Malvaceae, Rutaceae, and Apiaceae) contributed nearly half of the
total 216 introduced medicinal plants in Ecuador (Bennet & Prance 2000). Fabaceae, Asteraceae and Lamiaceae were also
found overutilized in Thailand (Phumthum et al. 2019). The overuse of Asteraceae and Lamiaceae in Pakistan is a rather
interesting result, given the extensive use of these families as medicinal in the country (Khan et al. 2011).

All five statistical analyses revealed that some plant families were over-represented, and some plant families were under-
represented in traditional medicines of Nepal. Despite the fact that the five statistical approaches applied here to estimate
medicinal importance of plant families all have their strength and weaknesses, our results show remarkable overlap in the
results, particularly amongst Log-transformed, Binomial, Negative-binomial, and Bayesian analyses. The result of Least-
square regression (Fabaceae, Asteraceae, Lamiaceae, Rosaceae, Euphorbiaceae, Polygonaceae, Moraceae, Rubiaceae,
Solanaceae, Zingiberaceae, in descending order) is rather interesting since the extensive use of plants of Fabaceae,
Asteraceae and Lamiaceae (highest residuals, used more often than predicted) as medicinal is frequently reported in several
ethnobotanical studies in Nepal and abroad (Table 1 and 3, Scherrer et al. 2005; Saslis-Lagaudakis et al. 2011; Phumthum et
al. 2019; Gras et al. 2021). The Asteraceae (n = 143) and Lamiaceae (n = 74) solely contributed about 11% of the total

medicinal plant species of Nepal (Kutal et al. 2022).

A review of 52 district-level (small-scale) ethnomedicinal studies of Nepal showed that the families of high-use are in the
following order: Asteraceae, Lamiaceae, Fabaceae, Euphorbiaceae, Poaceae, Rosaceae, Amaranthaceae, Solanaceae,
Moraceae, Rutaceae, Zingiberaceae, Ranunculaceae, etc. The review shows that each family (Asteraceae, Lamiaceae,
Fabaceae, Euphorbiaceae, Poaceae, Rosaceae) holds more than two medicinal plant species. This list was partially resembled
however the order was different to the findings of least-square regression. This nuanced that the least-square regression
hold closer affirmation to the small-scale ethnomedicinal studies. Plant families Orchidaceae, Poaceae, Asteraceae,
Fabaceae, Cyperaceae, Lamiaceae, and Ranunculaceae are the largest plant families in Nepal (Shrestha et al. 2022). Species
of families Poaceae, Asteraceae, and Cyperaceae are associated with anthropogenic landscape and disturbed habitats
(Wohlwend et al. 2021). From this, the simple but clear idea can be deduced, that people use with preference (or at least
importantly) the plants that they easily find not far from their place of daily life, as Johns et al. (1990) and Kadka et al. (2024)

stated.
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Over-utilization of medicinal plants of Asteraceae, Lamiaceae, Fabaceae families in Nepalese pharmacopoeias could infer
that the traditional medicines of Nepal are not merely cultural constructs and embedded in belief, systems and indigenous
plants, they are indigenous and influenced by alien plant species and sociocultural development. The families Asteraceae
and Fabaceae contributed 56.6% of total 30 invasive alien plant species recorded in Nepal (FRTC 2021). Among 30 invasive
alien plant species in Nepal, 12 belong to Asteraceae family and five belong to Fabaceae. There were 31 species from
Asteraceae and 13 from Fabaceae, out of 190 invasive plant species in Indian Himalayan region (Sekar 2012). Among the 30
invasive species, despite they are colonized only for decades, 20 are being used in Nepalese pharmacopoeias (Kunwar et al.
2023), revealing that there is an increasing introduction of non-indigenous plant species (Asteraceae, Fabaceae) in
indigenous pharmacopoeias in Nepal. This could be explained by the fact that many medicinal plants are weeds (Bennet &
Prance 2000).

In the case of moderate sample size at smaller spatial scale like ours, it is particularly important to combine statistical
approaches to avoid inherent methodological biases (Phumthum et al. 2019). The comprehensive analysis of the results of
all five statistical methods yielded the families Moraceae, Cucurbitaceae, Rutaceae, Zingiberaceae, Solanaceae,
Anacardiaceae, Euphorbiaceae, Lamiaceae, Fabaceae, Rosaceae, Asteraceae and Amaranthaceae repeatedly stood out as
being over-represented. Of these families, Moraceae, Cucurbitaceae, Zingiberaceae, Solanaceae, Euphorbiaceae, and
Amaranthaceae have previously been reported as over-utilized (Bennett & Husby 2008; Ford & Gaoue 2017; Robles et al.
2020; Kapur et al. 1992). The most over-used family Moraceae was consistent with the findings of Weckerle et al. (2011).
The modest use of Asteraceae in our study and in Pakistan (Khan et al. 2011) is a rather interesting result, given the extensive
use of Asteraceae and Lamiaceae as medicinal in abroad (Moerman 1991; Kindschaer et al. 2013). Asteraceae plant species
are commonly consumed as food plants (Ghirardini et al. 2007) and Lamiaceae as aromatic (Kadereit 2004), and this could
affect their selection and potential use in ethnomedicine. Regarding medicinal plants, there is a slight preference for
collection for herbaceous plants. Most species of Asteraceae (sunflower family) are medicinal herbs (Barkley et al. 2006).
Many of the Lamiaceae (mint family) plants are aromatic and they are widely used as culinary herbs for aroma (Kunwar et
al. 2015). The well-known important presence and diversity of essential oil compounds in the Lamiaceae (Lawrence 1992)
account—together with the size of the family, as already commented—for its relevance in many medicinal fields.

This list of over-represented families is partially resembled to the family order of 5% significance level of negative-binomial
analysis (Moraceae, Zingiberaceae, Cucurbitaceae, Rutaceae, Solanaceae, Malvaceae, and Anacardiaceae). This result
concurs to the earlier study of Nepal (Kutal et al. 2022) where Moraceae and Euphorbiaceae were over-represented.
Moraceae, a common fodder tree family of Nepal (Panthi 2013) and Euphorbiaceae is rich in terpenoides (Douwes et al.
2008) could affect the representation in traditional medicines in Nepal. The negative-binomial regression model was most
useful for our dataset since our datasets showed largest variance in compared to mean (mean (6.51) < variance (156.31).
However, the significance of each analysis is based on the sensitivity of the approach. In general, the regression method is
the least sensitive method, whereas the Bayesian method is sensitive to over-used species, and the binomial method is
sensitive to under-used species. Binomial analysis is also appropriate to analyze over-used and under-used medicinal species
since the distribution of medicinal species are not evenly distributed among the families in the dataset. The least-square,
log-transformed, negative-binomial regression for over-used and under-used medicinal plant species are influenced by size
of the plant family. Smaller and community-level data sets reveal a stronger fit to the Bayesian and Binomial analysis (Bennet
& Husby 2008; Weckerle et al. 2011; Robles et al. 2021). We found Balanophoraceae (a small family, only four species in
Nepal) as over-represented in Bayesian analysis.

Under-represented families

Our findings of significant low-use plant families were Cyperaceae, Caryophyllaceae, Poaceae, Orchidaceae,
Scrophulariaceae, Asteraceae, etc., they significantly overlapped with the findings of other studies (Amiguet et al. 2006;
Weckerle et al. 2011; Gras et al. 2021). Given that Poaceae and Cyperaceae often depend on resprouting and physical
defenses rather than chemical defenses makes them less selective for traditional medicines (Ford & Gaoue 2017). The
Cyperaceae and Poaceae families do not have high biological activity, but are mentioned as used for food (Amiguet et al.
2006). Interestingly, the most abundant families (Cyperaceae, Poaceae, Orchidaceae) are under-represented in the Nepalese
ethnopharmacopeias, supporting the hypothesis that people select plants based on traditional knowledge and culture, not
random. This does not imply that underutilized plant families are not important in ethnomedicine; it rather may be an
expression of people’s preferences for medicinal uses for a particular area and time.

Conclusions

Most of the over- and under-represented medicinal plant families we identified concur with the results from earlier similar
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studies. This study also contributes to the discussion of the methodology to test the non-random theory of medicinal plant
selection. Despite the fact that the five statistical approaches applied here to estimate medicinal importance of plant families
all have their strength and weaknesses, our results show remarkable overlap in the results. It should be noted that regression
residuals are less sensitive to unequal family sizes. However, the least-square method was found more pertinent in the sense
that the over-represented medicinal plant families of this approach and that being used in traditional medicines are greatly
overlapped. Over-utilization of medicinal plants of Asteraceae, Lamiaceae, Fabaceae families could infer that the traditional
medicines of Nepal are not merely cultural constructs and embedded in belief, systems and indigenous plants they are
increasingly influenced by alien plant species. We consider these families particularly promising for the pharmacological
industry because their widespread use is most probably due to their content of physiologically active compounds.

For small and community level datasets, negative-binomial analysis was found pertinent. Thus, it is particularly important to
combine statistical approaches in small and moderate-sized samples to avoid inherent methodological biases. The combined
approach of all five statistical methods yielded the over-represented families in the following order Moraceae, Zingiberaceae,
Euphorbiaceae, Cucurbitaceae, Solanaceae, Rutaceae, Lamiaceae, and Anacardiaceae. The order is partially resembled to
the family order of 5% significance level of negative-binomial analysis. Thus, the least-square regression and negative-
binomial analysis could hold the better promise to find out the over- and under-represented plant families in traditional
medicines in Nepal. Identification of over- and under-represented families is a first step toward prioritization of efforts for
sustainable use, conservation and ethnopharmacology.
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