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Abstract 

Ethnopharmacological relevance: As an interdisciplinary field of research ethnopharmacology draws 

on methodologies and methods from a variety of disciplines. A range of ethnobotanical indices are 

frequently used to transform primary data obtained through field studies into statistical measures. 

These indices are claimed to serve as a proxy for efficacy or drug discovery (Fidelity Level ‘FL’) and 

to show the importance of botanical drugs and plants used as medicines (Relative Importance ‘RI’, 

Use Value ‘UV’ or Cultural Importance Index ‘CI’, Cultural Value Index ‘CV’, Relative Frequency 

of Citation ‘RFC’). This is, however, doubtful, as these indices have not been developed by 

statisticians, nor by pharmacologists while a proof of concept is lacking. Moreover, the question 

whether a simple number can summarize the cultural value or importance of plants is not only 

mathematical but also epistemological. 

Material and methods: The FL, RI, UV/CI, CV and the RFC are shortly reviewed. Their statistical 

rigour is explained and the relevance for ethnobotany, ethnopharmacology and drug discovery 

discussed.  

Results: The effect of the sample size on the dispersal of data and the differential probability of 

botanical drugs being used for the different categories of use are not being considered by these 

indices. They lack statistical rigour and are simple percentage calculations. Moreover, important 
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factors influencing plant use, such as the availability of pharmaceutical drugs, or the severity of 

diseases covered by the use-categories, are not accounted for.  

Conclusion: Especially unexperienced and young researchers may be ensnared by using 

ethnobotanical indices to describe their field data. However, the cultural value and importance of 

plants in general, and more specifically, of medicinal plants and botanical drugs cannot be summed 

up by numbers. The discussed indices encrypt parts of the primary data but fail to show the value or 

importance of plant use because the reasons for which plants are valued or important to people are 

far more complex than what the formulations of these indices suggest. The indices also lack the power 

to pinpoint plant species or botanical drugs for drug discovery that contextualized primary data has. 

Botanical drugs may be useful for a range of disorders or only for specific indications, according to 

their pharmacologic properties. Therefore, the exclusiveness of therapeutical applications (FL) does 

not serve as a proxy for effectiveness. The solution is to use and understand the contextualized 

primary data.  

 

1. Introduction 

As an interdisciplinary field of research ethnopharmacology draws on a range of different disciplines, 

such as anthropology, pharmacology, botany, zoology, medicine, chemistry and statistics. The 

documentation and critical evaluation of traditional empirical knowledge about the therapeutical use 

and medicinal properties of botanical and animal drugs are the main foci of ethnopharmacology 

(Gertsch, 2009; Heinrich and Jäger, 2015; Bruhn and Rivier, 2019). Field study results consist of 

descriptive qualitative data and quantitative primary data (Bernard, 2011). Quantitative ethnomedical 

field data is the raw or primary data and is usually presented in a table describing the cultural 

consensus of botanical and animal drug use (Weckerle et al., 2018). It is readily accessible for 

statistical analysis and serves as a starting point and hypothesis for laboratory research (Verpoorte, 

2012; Gertsch, 2009). Primary data shows how many times a plant drug was reported to be used or 

known to be useful for a specific emic ailment or disease including its form of administration. Primary 
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data includes the sample size and the share of respondents determines the consensus. Yet a high 

consensus does not imply that the respective remedy is also effective though this may constitute a 

working hypothesis. However, the sheer fact that a large part of a population relies on a specific 

treatment warrants its preferential assessment of the toxicological risks and the clinical effectiveness. 

One of the challenges of interdisciplinary research projects is to combine deep and focused thinking 

as well as thinking broad, across multiple areas (Lach, 2014). Another challenge is combining the 

whole range of available methodology and accepting and integrating concepts and methods from 

other fields (McLeod, 2018; Leonti et al., 2020). This means that the methods used are recognized, 

developed, and approved in the pertinent disciplines, which entails, that biological methods, such as 

in vitro and in vivo models adhere to pharmacological standards, that plant identification and 

taxonomy follow botanical standards and that statistical models and methods are recognized in 

statistics. For the same reasons that we agree to follow plant taxonomy developed in botany we should 

agree to follow statistics developed in statistics.  

However, still many manuscript submissions to this journal come along with calculations of 

ethnobotanical indices, whose correctness and relevance for ethnopharmacology are doubtful. Now 

ethnobotanists can even use an R package (ethnobotanyR: https://rdrr.io/cran/ethnobotanyR/) to 

transform primary data into indices. However, most of these indices were not developed by 

statisticians, published in statistics journals and nor are they grounded in well-supported statistical 

approaches. For the presentation of field studies such indices are often selected randomly from the 

confusing diversity of existing indices without that any specific motivations for the choices would be 

presented. On the other hand, there seems to exist a misunderstanding as it is also thought that such 

indices may serve as a proxy for drug discovery or for identifying the most effective medicines as 

claimed by Friedman et al. (1986). Especially unexperienced and young researchers may be ensnared 

by ethnobotanical indices because for comparing and discussing numbers no anthropological, 

pharmacological, chemical, and therapeutical knowledge is required.  
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2. Problem statement 

There is a continued fashion of indiscriminate and uncritical use of ethnobotanical indices instead of 

concentrating the effort of trying to understand what the gathered primary data are showing in terms 

of medical anthropology, pharmacology, medicine and overall novelty and its potential for future 

studies. The question is: Is there anything a simple number can tell us about the importance, value or 

efficacy of a botanical drug or medicinal species (that primary data can’t)? The question whether a 

simple number can summarize these aspects of plant use is not only mathematical but also 

epistemological. 

 

 

3. Methods 

I shortly present and explain the statistical rigour of a few of the most-commonly used indices for 

describing the results of ethnobotanical and ethnopharmacological field studies that focus on the 

‘value’ and ‘importance’ of single species. These indices include the ‘Fidelity Level’ (FL), ‘Relative 

Importance’ (RI), ‘Use Value’ (UV) or ‘Cultural Importance Index’ (CI), the ‘Cultural Value Index’ 

(CV) and the ‘Relative Frequency of Citation’ (RFC). They were published in journals dedicated to 

the use of plants including the Journal of Ethnopharmacology and Economic Botany (Friedman et al., 

1986; Phillips and Gentry 1993, Prance and Bennett, 2000; Tardío and Pardo-de-Santayana, 2008).  

Another frequently used index is the Informant Consensus Factor (ICF) or Informant Agreement 

Ratio (IAR) by Trotter and Logan (1986). It estimates the consensus of treatment options for 

categories of therapeutical use and has been reviewed before (Leonti and Weckerle, 2015). 

 

Fidelity level (FL) of plant X = number of use-reports of the most frequently mentioned use-category 

of plant X divided by the number of total use-reports for plant X. A FL of 100% means that a botanical 

drug or medicinal plant is used exclusively for one therapeutic indication or category of use while a 
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FL of 50% means that 50% of the use-reports gathered for plant/botanical drug X concentrate on one 

specific use-category (and that the other 50% of use-reports may be distributed otherwise) (Friedman 

et al., 1986).  

 

Relative importance (RI) of species X = (Number of use categories for species X divided by the 

number of use categories for the most versatile species) plus (number of pharmacological properties 

(uses) of species X divided by the number of pharmacological properties (uses) of the most versatile 

species) (Prance and Bennett, 2000).  

 

Use value (UV) or Cultural Importance Index (CI) of species X = total number of use-reports 

across all use-categories for species X divided by total number of informants (Tardío and Pardo-de-

Santayana, 2008 adapted from Phillips and Gentry, 1993).  

 

Cultural Value Index (CV) of species X = (number of use categories for species X divided by total 

number of use-categories) multiplied by (number of informants mentioning species X as useful 

divided by the total number of informants) multiplied by (total number of use-reports across all use 

categories for species X divided by total number of informants) (Reyes-García et al., 2006).  

 

Relative frequency of citation (RFC) of species X: Number of informants mentioning the use of 

species X divided by total number of informants (Tardío and Pardo-de-Santayana, 2008).  

 

 

4. Results and Discussion 

All the above presented indices attempt in one way or another to measure the value, the importance, 

or the efficacy of plants. All indices draw, in different formulations, on primary data such as the 

number of use-reports per category and across categories, the number of use-categories, number of 
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specific uses and the specific and total number of respondents. Therefore, these indices are not 

independent from each other and tend to behave similarly (Dudney et al., 2015). However, while 

some aspects of the primary data are factored into these ethnobotanical indices, they do never include 

all relevant data. All mentioned indices are species specific but at least for ethnopharmacological 

research questions they would need to be drug specific (because e.g., Aloe spp. gel consisting of 

polysaccharides is mainly used for topical applications and stomach ulcers while anthrone glycosides 

rich Aloe spp. sap is a potent laxative and bitter agent). 

Friedman et al. (1986) invented the fidelity level (FL) because they were unable to interview patients 

previously treated with plant-based medicines in their attempt to verify or negate the efficacy of 

treatment. The specificity for therapeutic indications focused on with the fidelity level (FL) is a 

circumstance, that can readily be observed, along with the whole use profile when looking at the 

primary data organized in a well-structured table. It is also well known that specific botanical drugs 

and medicinal plants can be effective for a range of ailments while others are indicated for specific 

therapeutic needs (e.g., Wichtl, 2002; Barnes et al., 2002). The use-profile of botanical drugs, besides 

depending on tradition, is conditioned by pharmaco-therapeutic properties and observed toxicity, 

which is also the reason why some drugs are exclusively applied topically, such as for instance 

phytotherapeutic products obtained from the inflorescence of Arnica montana L. (Asteraceae). 

Having anti-inflammatory, antimicrobial, spasmolytic, anxiolytic, sedative and muscle relaxant 

properties, the inflorescences of chamomile (Matricaria chamomila L., Asteraceae) are applied 

internally as well as externally for a whole range of indications (Wichtl, 2002, p. 420-424; Barnes et 

al., 2002 p. 125-129) which would result in a low FL. The core wood of Guaiacum officinale L. 

(Zygophyllaceae) which is not used anymore in herbal medicine was exclusively used to treat 

syphilis, and probably had a FL of 100% across Renaissance Europe even though it is completely 

useless against Treponema pallidum infections (Waugh, 1982; Mann, 1984). While the FL shows the 

consensus of the most frequently mentioned use it provides a value of 100% also with only one single 

use-report. What is also misleading is that the FL was conceptualized for assessing plant use and not 
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for assessing botanical drug use (Friedman et al., 1986). These examples show that the value of the 

FL is not robust and does not serve as a proxy for effectiveness or even drug discovery because 

cultural and pharmacological realities are more complex.  

The RI was intended as a general measure for the diversity of uses and is based on the versatility of 

use-categories as well as more specific uses without taking the number of informants and the 

probability of allocation into one of the categories into consideration. It is not clear why simply 

counting the different use-categories and uses is not sufficient for assessing the use versatility.  

The UV/CI simply provides the average number (mean) of use-reports per informant and species. 

This is so whether you separately sum up the mean values of respondents per category of use and 

species (CI) or whether you determine the mean value of the total number of use-reports per species 

(UV). Why this technical consideration led to the formulation of two separate indices is not clear. 

However, contrary to what Tardío and Pardo-de-Santayana (2008) claim for the CI, the versatility of 

uses is not taken into account. Only the total number of use-reports is considered.  

The CV index factors in the versatility of uses, the share of respondents, and the average number of 

use-reports for the total number of informants (UV). Although these single factors tend to correlate 

with each other it is one of the more objective attempts of measuring ‘cultural value’ or maybe better 

the ‘cultural use of a species’. However, like the previously presented indices the effect of the sample 

size on variance as well as the differential probability of allocation of uses into use categories is not 

accounted for.  

The RFC is a very intuitive and basic percentage calculation used in anthropological and social 

sciences (do you make use of item X?) ever since (Bernard, 2011) and does not need to be turned into 

a specific index. 

The FL, UV/CI and the RFC are simple percentage calculations and naming them in adventurous 

ways such as ‘fidelity level’, ‘use-value’ and ‘cultural importance’ is misleading and generating 

wrong expectations. Emblematic for this situation is that one and the same index has been published 

under two different names (Use value and Cultural Importance Index) leaving a critical reader with 



 9 

the question, as to which criteria were used to invent these names and how they represent the formula. 

Maybe percentage shares should simply be called “percentage of X or Y” or in this specific case 

“average number of use-reports per species and study participant”. Of course, depending on the 

research question percentage calculations can be useful. However, due to the fact, that these indices 

are percentage calculation of sampled data or multiple percentage calculations (RI, CV) they also 

lack statistical rigour. This hampers their application for hypothesis testing and comparative studies 

because a division like 1/102 is treated identically as 104/106 ignoring the different sample sizes and 

the dispersal of the data (variance) (Watt et al., 2007; Weckerle et al, 2018). Higher sample sizes 

reduce variance and the dispersal of the data. However, primary data is not afflicted by such problems. 

For instance, relevant for the UV/CI are the total number of use-reports per plant species and the 

number of study participants (sample size). Both metrics belong to the essential primary data and 

therefore the relation between both values (and thus without issues like variance) should be reported 

in all studies (e.g., plant X, 50 use-reports; 100 study participants). Moreover, it is also crucial to 

know how many study participants contributed use-reports, in order to correct for individual 

preferences. Such data is more accurate and transparent than stating that the UV/CI of plant X is 0.5 

because a UV of 0.5 can be the result of e.g., a sample size comprising two informants resulting in 

one use-report or a sample size of 1000 informants resulting in 500 use-reports for plant X. While the 

observed proportion of both cases is the same, the inference that can be drawn from these two 

percentage calculations on the true relationship among the whole population is dramatically different.  

Given a certain proportion p, its standard deviation is the square-root (SQRT) of (p(1-p)/N), where N 

is the sample size used to calculate p and the denominator of the fraction. Using the central limit 

theorem the true proportion lies within p ± 1.96 × SQRT(p(1-p)/N) with a probability of 95%. In 

practice the difference between proportions can be claimed with a certain probability when their 

respective intervals do not overlap (e.g., Watt et al., 2007). Most importantly, however, the uses can 

be very divers. Different implications would result from all 50 study participants reporting to use 
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plant X as a X-mas tree, or to shoot their wedding photo underneath or to use its leaves for treating a 

severe disease. This crucial information is only provided by the primary data.  

Also, all indices assume that the different uses and use-categories of each species or botanical drug 

are of identical importance. They don’t take the differential probability of botanical drugs being used 

for a certain category into account. Due to ecological, phytopharmacological, ethnomedical and 

epidemiologic reasons, but also conditioned by the classification into use categories, not for all 

categories the same number of botanical drugs are used. Moreover, categories of use don’t reflect 

treatments of health issues with identical severity and importance. Thus, species or drugs used for a 

small or/and severe group of health problems might be more important or valuable culturally. Another 

factor that, unfortunately, is rarely considered in ethnomedical field studies in general, and difficult 

to assess is the effect of the availability of modern pharmaceutical drugs on the use of traditional 

medicines. Although allopathic and traditional medicine may coexist (Giovannini and Heinrich, 

2009), an impact on traditional medicines and their allocation to use categories through the 

availability of pharmaceutical drugs does occur (Mann, 1984; Le Fanu, 2011). 

Thus, while these indices lack statistical rigour as well as a surplus of information content with respect 

to the primary data, they cannot reflect the complexity of primary data and even less so the complexity 

of pharmacology and efficacy. This would be so also in case the statistics was correct.  

Another frequently applied metric is the informant agreement ratio (IAR) or informant consensus 

factor (ICF) by Trotter and Logan (1986). It is the ratio between (the number of use-reports for 

category of use X minus the number of species used for category of use X) and (the number of use-

reports for category of use X minus 1) (Trotter and Logan, 1986). It is used to assess intra-cultural 

consensus with respect to the plant species/botanical drugs used for a specific ailment category and 

ranges from 0 to 1 while 1 indicates maximal agreement. This ratio lacks robustness because the 

distribution of use-reports between the species is not reflected (Leonti and Weckerle, 2015). Also, for 

a reasonable application of this index large data sets are required because small categories of use 

readily provide erratic values.  
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It has also been claimed that multiple indices may serve to identify species being most important to 

a community so that these plants “can be targeted for conservation and restoration activities” 

(Paniagua Zambrana et al., 2017). The ethnobotanical uses of the plant species in Paniagua Zambrana 

et al. (2017) are listed without providing the number of times these different uses were mentioned in 

the different communities. For instance, the uses for Vismia macrophylla Kunth, (Hypericaceae) are 

reported to be as follows (see footnote1). The use metrics provided for V. macrophylla are the UV 

(4.2), Community Cultural Importance (2.73), Informant Cultural Importance (1.55) and the Shannon 

diversity index of uses (0.59). However, for issues such as conservation and sustainable use it makes 

quite a difference whether a plant is used for its trunk in construction or as fuel or whether you eat 

the fruits or use the leaves for treating malaria. Therefore, it would be quite important to know how 

many individuals reported these different uses. If all informants claim to use the trunk in construction 

and as firewood, those who use the leaves or its bark for medicine may already have supply problems. 

If all report to use the leaves for treating malaria it would be important to assess their safety and 

efficacy. However, maybe the species is so common and weedy that the different use pressures do 

not culminate in conservation issues. Be that as it may, the problem is that we can’t tell because the 

primary data as well as the qualitative species-specific descriptive data (ecology and abundance, 

possible reports about shortages, shrinking population) is missing while the calculated indices do not 

provide any tangible information useful for issues such as conservation and restoration. It is also 

 
1 “CONST: Houses (Chira Xahui, Trunk; Frame house, Bark; House post, Trunk; Jënë Jabati, Trunk; 
Jihuixaca, Trunk; Manipoatí, Trunk; Muchacho - Ninotí, Trunk; Nasëcamëti , Trunk; Pasa ratón - 
Xoya jabatí, Trunk; Ridgepole - Maracatí, Trunk; Roof beam - Canoxoco, Trunk; Solera - Chitao, 
Trunk; Tëtëmatsisi, Trunk; Tie - Xahui, Bark; Tirante - Cano bëpotó, Trunk; Tirante corto - Cano 
Bësëcamë, Trunk; Tirante largo - Cano pixquëna, Trunk; To tie house, Bark); Other constructions 
(Huaracha, Trunk); Thatch (To tie roof, Bark); CULT: Personal adornment (Ornament - Maxëití, 
Seeds; Ornament - Shinoxëta, Seeds); FUEL: Firewood (Firewood - Caro, Trunk); HUMFOOD: Food 
(Edible, Fruit); MEDVET: Digestive system (Malaria and fever, Leaf; Stomach ache, Leaf); 
Endocrine system (Liver pain, Leaf and seeds); Infections and infestations (Malaria and fever, Bark 
and leaf); Not specified at all (Cancer, Bark); Skin and subcutaneous tissue (Basket - Nishicacano, 
Trunk and exhudate; Haemorrhage, Bark); UTEN&TOOL: Domestic utensils (Basket - 
Chichabëcasa, Bark; Basket - Coquita, Bark; Basket - Nishicacano, Bark; Basket - Nishicacano, 
Trunk; Man basket, Bark; Tacú - Arusa timatí, Trunk); Labour tools (Hoe, Trunk)”. 



 12 

impossible to figure out how prominent the different medical uses of the various plant parts are. This 

lack of quantitative primary data hampers the decision making for further studies and actions. 

Many researchers adopting indices are apparently convinced that pharmacologists or phytochemists 

would consider ethnobotanical indices when choosing which medicinal plant to work with. This is a 

logical corollary from Friedman et al. (1986) who suggested to use the FL as a proxy for efficacy. 

Today, authors extend this alleged power also to other indices. However, no proof of concept exists 

that would show that indices hold more information than the primary data and that they serve as a 

tool for drug discovery or for assessing the efficacy of therapeutic treatments. History of drug 

discovery from natural sources, on the contrary, shows that ethnopharmacological discoveries of 

important pharmaceutical drugs started with accurate field observations and the collection of primary 

data, followed by in vitro, in vivo and clinical studies (Bruneton, 1999; Heinrich et al., 2004; Dewick, 

2002; Gertsch, 2009). Today, pharmacologists working with plant extracts base their decision on 

existing pharmacological and chemical literature about the whole taxon as well as therapeutic primary 

data from field studies or therapeutic descriptions present in herbal pharmacopoeias and historical 

books (e.g., Vásquez-Ocmín et al., 2018; Gupta et al., 2018; Pompermaier et al., 2018; Tomani et al., 

2018; Riondato et. al., 2019; Roumy et al., 2020a; 2020b; Carabajal et al., 2020; Baldé et al., 2020; 

Schultz et al., 2020). 

A further problem with ethnobotanical indices is that their calculation inevitably leads to a discussion 

section where indices are compared with each other within and across studies and the rather 

uninteresting insight that numbers are always either higher or lower, in line with the primary data. 

However, comparing indices across studies and cultures is even more problematic as sample sizes as 

well as emic use-categories differ. Especially unexperienced and young researchers may be ensnared 

by ethnobotanical indices and instead of thinking further and trying to understand the relevance of 

traditional medicines and the data collected for community healthcare or drug discovery some ready 

to calculate indices are presented and discussed. All this appears like a bureaucratic exercise and leads 

to a discussion about indices instead of ethnopharmacology. Therefore, such indices distract from the 
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journal scope and prevent researchers from digging the literature and further educating themselves in 

the attempt to understand the data they’ve gathered pharmacologically and medically. The same can 

be said for ethnobotanical uses in general as the gain in knowledge about plant use by transforming 

primary data into indices is not clear. Also, the quality of feedback potentially given to the community 

members, where field work has taken place will inevitably suffer.  

 

Conclusions 

For simple percentage calculations (e.g., RFC) no indices are needed. The reviewed ethnobotanical 

indices (FL, RI, UV/CI, CV), are statistically insufficient because neither the effect of sample size on 

data dispersion nor the differential probability of use-report allocation to categories of use are 

accounted for. Also, important covariates such as the availability of pharmaceutical drugs, which has 

an impact on the use of traditional resources as well as the severity of health issues covered by the 

various use-categories, are not taken care of.  

Importantly, the various indices do not provide any surplus of information or insight into plant use 

with respect to the primary data but reduce a part of the information into simple numbers. More 

specifically, history shows that these indices have no power as a starting point for drug discovery or 

efficacy assessments, while primary data has. Interdisciplinarity demands that we apply methods that 

comply with the standards of the respective disciplines. Therefore, we should follow the standards of 

statistics whenever manipulating primary data. Simple percentage calculations should be named for 

what they are (percentage of X or Y) and not be turned into indices with fantastic names. Also, for 

pinpointing species for conservation measures indices seem not be the appropriate tool. Currently, 

such indices are applied in a far too uncritical and superficial manner. While it cannot be excluded 

that corrected ethnobotanical indices applied in a reasonable way may contribute to 

ethnopharmacological or ethnobotanical research questions, so far, their relevance for resolving 

research questions in both fields is lacking. I conclude that contextualized primary data provides more 

information about the cultural value and importance of plants than simple numbers and I argue that 
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if one doesn’t understand the primary data, one doesn’t understand indices and if one does understand 

the primary data, one doesn’t need indices. 
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