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Abstract. Similarity Indices are widely applied in the field of ecology to measure species diversity as
well as to map patterns of conservation and monitor threats to biodiversity. Among the known, Jaccard’s
and Sorensen’s indices are the most frequently employed similarity Indices. Here, we propose a new and
efficient statistical approach in the field of ethnobiology and validate its efficacy by comparing the results
with predefined similarity Indices used in previous studies. The core objective was to propose a new
index for quantitative ethnobiological analyses and to find out solutions for sorting the plants having
similar ethnobiological uses in allied, aligned, national and global regions; as the pre-existing indices like
Jaccard’s and Sorensen’s indices provides best estimates in the field of ecology but not in ethnobiological
studies. In comparative ethnobiological studies, ethnobiologists use conventional ecological tools for
evaluation of similarities and dissimilarities. Our proposed similarity index is based on the quantification
of similar uses of common medicinal plants via comparing present study with previously published
reports from various areas where, the author(s) have used the Sorensen’s index and/or Jaccard’s index. To
assess the significance and validity of this newly developed index, similarities and differences in
ethnomedicinal studies on medicinal plants in different regions were evaluated. Data regarding medicinal
plants usage here was compared with 20 previously published studies and then analyzed through pre-
existing indices as well as Rahman’s index to examine the novelty in the study. Our preliminary results
revealed noteworthy coherence with the existing similarity indices, albeit, the new index was more
efficient than the previous. Our comparison revealed, that as far as common vegetation and floral levels
are concerned, the existing ecological coefficients of similarity are efficient and precise; but for
similarities in the field of medicinal plant studies certain constraints are overcome by the proposed
similarity index. Inferences derived from Rahman’s similarity index (RSI) are as reliable as the
previously known and well-established similarity indices. Further, RSI specifically targets the
ethnobiological similarities, a limitation in Jaccard’s and Sorensen’s indices. Thus, RSI would be a useful
tool/index in the assessment of rigorous quantitative ethnobiological data.

Keywords: similarity index, novel uses assessment, quantitative ethnobiology, ethnomedicine, cultural
use similarities
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List of abbreviations: RSI: Rahman’s similarity index; JI: Jaccard’s similarity index; QS: Sorensen’s
similarity index; AJK: Azad Jammu and Kashmir

Introduction
What are quantitative similarity indices?

For comparing two populations, a similarity index provides a quantitatively based
measurement, analogous to the application of similarity for DNA-fingerprinting (Lynch,
1990; Chuang, 2012). Similarity indices are also been widely used in ecology (Hubalek,
1982; Chao et al., 2006). Johnston (1976) investigated the characteristics of 25
similarity indices. Among these indices, the Jaccard’s index (Jaccard, 1902) and
Sorensen index (Sorensen, 1957) are often applied in the ecological studies. These
indices are used to note the species-diversity for nature and natural protection (Higgs
and Usher, 1980; Legendre and Legendre, 1998). The Jaccard’s index is defined as the
number of shared species divided by a total number of distinct species in two
communities. The Sorensen index is the ratio of the number of shared species to the
average number of total species in two communities. The definitions of the Jaccard’s
and Sorensen’s indices are constructed on the numbers of species in two populations
(Chuang, 2012).

Why is an ethnobiological similarity index needed?

It is desirable to make comparisons between floral or faunal samples taken at
different times, different places, or by different techniques. Such comparisons seem
profitable and take advantage of the existence of similarity indices, many of which have
been developed earlier in this century. Some of these indices merely take into account
the presence or absence of species in the samples, while others integrate information on
the relative abundance of the species. The desirable index depends on the questions
asked and the kind of data available in a given case (Wolda, 1981). In ethnobotanical
studies, researchers also may wish to integrate information about the reported uses of a
species. The calculation of diversity indices is a very useful tool for ethnobotanical
studies, which helps researchers to ask questions and analyze data obtained through this
method, besides permitting comparisons among different communities in different or
similar environments (Hoft et al., 1999).

Jaccard’s and Sorensen’s similarity indices are widely applied in the ethnobotanical
studies from national and global areas, i.e. Alpine and Sub-alpine regions of Pakistan
(Kayani et al., 2015), Thar Desert (Sindh), Pakistan (Yaseen et al., 2015), Abbottabad,
Pakistan (ljaz et al., 2016), Mansehra, Pakistan (Rahman et al., 2016a, b, c), Azad
Kashmir, Pakistan (Ahmad et al.,, 2017; Amjad et al., 2017), Dindigul district,
Tamilnadu, India (Faruque et al., 2018), Bandarban District of Bangladesh (Sivasankari
et al., 2014), central East Shewa of Ethiopia (Feyssa, 2012), Republic of Benin (Laleye
et al., 2015), Kembatta Tembaro (KT) Zone, Southern Ethiopia (Maryo et al., 2015),
Brazilian Pampa Teixeira et al., 2016), but they are not amenable to comparative
Ethnopharmacology (Weckerle et al., 2018).

Here, we propose a new and efficient statistical approach in the field of ethnobiology
and validate its efficacy by comparing the results with predefined similarity indices
used in previous studies.
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Material and methods
Study area

Manoor Valley is remote area of District Mansehra (Rahman et al., 2016a), situated
on north side about 50 km from main Kaghan road at ‘Mahandri’ in the Lesser
Himalayas of Pakistan (Fig. 1).
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Figure 1. Map of the study area

Collection and identification of medicinal plants

Frequent field surveys were undertaken during the early, mid and late summer season
of 2016. Plant specimens were collected, tagged and pressed. For botanical information,
local informants and traditional healers were interviewed for cultural uses for various
diseases. The plant specimens were identified with the help of available literature (Nasir
and Ali, 1971-1994; Ali and Qaiser, 1995-2004) and submitted to the Herbarium,
Department of Botany, Hazara University Mansehra, Pakistan (HUP).
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Similarity indices

There are a number of indices that calculate similarities in plant species and used in
the field of ecology such as; Jaccard’s and Sorensen’s similarity indices, but no index to
date has been designed for evaluation of ethnobiological similarities. So, in comparative
ethnobiological studies, the ethnobiologists mostly use conventional ecological tools for
evaluation of similarities and dissimilarities. We propose a similarity index named as
Rahman’s similarity index (RSI), based on the quantification of similar uses of common
medicinal plants by comparing current study with previously published documentations
from various areas. To evaluate the significance of this newly developed index and its
validity in similarities and differences in ethnobiological studies of different regions, the
data regarding medicinal plants usage from the current project was taken and compared
with 20 previously published studies. Further, we then analyzed this data set through
pre-existing indices and Rahman’s index to examine the novelty in the study.

Jaccard’s similarity index (J1%)

Jaccard’s similarity index (J1%) is calculated by comparison of previously published
studies from aligned, regional and at global countries by analyzing the percentages of
quoted species and their medicinal uses by using the following formula:

100

Il=¢c X ———
J ¢ at+b—c

where, a = number of species unique in site A, b = number of species unique in site B.
¢ = number of species common to A and B (Jaccard, 1902; Kayani et al., 2015).

Sorensen’s similarity index (QS%)

Sorensen’s similarity index (QS%) was developed by a botanist Thorvald Sorensen
and published in 1948. The comparison with previously published data collected from
different regions was performed by evaluating percentages of the quoted species and
their medicinal uses by applying Sorensen similarity index formula (Sorensen, 1948;
Wolda, 1981).

5= 2 * 100
Q_a—l-b

where, a = number of species unique in an area A, b = number of species unique in an
area B and ¢ = number of species common to area A and B.

New ethnobiological similarity index
Rahman’s similarity index (RSI)

Rahman’s similarity index (RSI) is proposed by Inayat Ur Rahman and Farhana ljaz.
RSI is calculated as “by comparison of the present study with the studies previously
published from allied, regional, national and global level through the percentages of
plant species analyzed and commonly cited with same cultural medicinal uses”. The
formula used as
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d

R5I =
at+ b+ c—d

where, “a” is the number of species unique in an area A, “b” is the number of species
unique in an area B, “c” is the number of common species in both A and B areas and
“d” is the number of common species used for similar ailment in both A and B areas.
Whilea& b#0and c & d > 0.

To find out the percentage of common uses between two areas, the formula can be
written as

d
RSl = ¥ 100
at+b+ c—d

The probability was calculated (number of events divided by number of possible
outcomes) by using the discrete random variables; a = number of common species used
for similar ailments in data set A, b = total number of possible species in data set A,
a’ =number of common species used for similar ailments in data set B, b’ = total
number of possible species in data set B). To quantify the strength of evidence, we
advocated 5% significance as a standard level for concluding that there is evidence
against the hypothesis tested (Dahiru, 2008).

Results

In present study, the local inhabitants and traditional healers were using 27 medicinal
plant species belonging to 19 families for treating 42 different diseases. Traditional
medicinal uses of plants mentioned in Table 1 are compared with 20 published
ethnomedicinal documentations of allied, regional, national and at global level Table 2.

Critical comparison of JI and QS with RSI

Comparative analysis of the present study and previously published investigations
reveals the similarity index of 27 reported medicinal plants ranging from 0% to 15.69%
(J19%), 0% to 27.12% (QS%) and 0% to 6.78% (RSI%) as shown in Table 2. The analytical
approach of Jaccard’s and Sorensen’s similarity indices both determines only the common
floral similarity by comparison of a case study with previous documentations. They don’t
address the common plants with similar use(s) (Table 2). The Jaccard’s index derives
similarity of community ecology but now it is frequently used for assessing the similarity of
pharmacopoeias and medical floras. Imagine two datasets (medicinal flora) with sample a =
100 and sample b = 100 and an overlap of similar plant species is ¢ = 50; out of these, 25
plants are with similar usage. While JI delivers a similarity index of 20%, the actual overlap
is 25% (plant species with similar usage). When we employ QS on the same datasets, it
delivers a similarity index of 33%, the actual overlap is 25% (plant species with similar
usage). While, the proposed similarity index (RSI) shows the cultural similarities between
ethnic communities of different areas by calculating particular plant species, same
medicinal usage. Imagine same datasets (medicinal flora) with sample a = 100 and sample b
= 100 and an overlap of plant species is ¢ = 50 but out of these, 25 plants are with similar
usage d = 25 for RSI. It delivers a similarity index of 25% which is the actual overlap (plant
species with similar usage). Upon comparison with pre-existing similarity indices (JI and
QS), new medicinal use reports of plant species are more accurately determined by the
proposed similarity index (RSI).
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Cross-cultural analysis of the reported species assessed through the newly developed
similarity index (RSI) revealed new medicinal uses for Ajuga integrifolia, Dysphania
ambrosioides, Cichorium intybus, Convolvulus arvensis, Indigofera heterantha, Malva
parviflora, Plantago major, Medicago sativa, Portulaca oleracea, Punica granatum,
Taraxacum officinale, Trachyspermum amii, Trifolium repens, Xanthium strumarium
and Zanthoxylum armatum for the first time, but not indicated by the JI or QS indices.
These results indicate that as far as common vegetation and the floral levels are
concerned, these ecological similarity coefficients are accurate and precise but for
medicinal similarities, both pose limitations. To overcome these limitations, we propose
this new index, which could address the similarity between two regions/sites on the
basis of common plant/animal species with respect to their uses.

Table 1. Randomly selected medicinal plants from the first author PhD study, a supposition
for comparison with other documentations from different regions for similarities to show
differences in results of two well-known indices with our newly developed one,
documentations of shared species are mentioned in the column “Ziterature comparison’

S. No Botanical name Medicinal uses Literature comparison
1 Ajuga integrifol:;oiuch.-Ham. ex D. Diabetes Sa 74 114, 124
2 Bauhinia variegata L. Fatness 4, 8%, 144, 184
3 Cannabis sativa L. Warmness, insomnia 3%, 5%, 74 129 1746 18%
s > Mosyakin 8. Clements Fever 58
5 Cichorium intybus L. Typhoid fever 3%, 12y
6 Convolvulus arvensis L. Diarrhoea, dysentery 2%, 3%, 5%, T8, 128, 17,
7 Indigofera heterantha Wall. ex Brandis Diuretic 28 4 128 148
8 Justicia adhatoda L. Throat infection, cough 3v, 4v, 14v, 20y
9 Malva parviflora L. Gas trouble 17%
10 Medicago sativa L. Gas trouble
11 Mentha longifolia (L.) Huds. Abdominal pain, gas trouble 29,5& 6%, 19v
12 Mentha royleana Benth. Diarrhoea, vomiting 2v, 12v
13 Oxalis corniculata L. Vitamin C deficiency, mouth smell 34, 5& 128 149 164
14 Plantago major L. Diarrhoea, fatness 2% 5& 6@, T, 128,
15 Polygonum plebeium R. Br. Cough 2& 5%, 14v
16 Portulaca oleracea L. Diuretic 124, 144
17 Punica granatum L. Gas troubles, indigestion T, 9%, 124, 134, 144, 164, 174, 184
18 Ricinus communis L. Constipation 1v.3v, 59,7, 1220: 134,174, 184,
19 Salvia moorcroftiana Wall. ex Benth. Cough, diarrhoea 2%, 128, 16%
20 Silybum marianum (L.) Gaertn. Liver problems lv, 3y
21 Taraxacum officinale F.H. Wigg. Diabetes 1%, 2%, G
22 Trachyspermum ammii (L.) Sprague Diuretic, kidney stone removal IC)
23 Trifolium repens L. Fever 248
24 Verbascum thapsus L. Diarrhoea 1&, 248, 3v, 59, 7y, 14y
25 Vitex negundo L. Indlgestlon,trséﬁg:zgh—ache, gas 9%, 134, 14%, 204
26 Xanthium strumarium L. Diuretic, kidney stone removal &, 124, 148
27 Zanthoxylum armatum DC. Abdominal pain, indigestion 7%, 8%, 12& 13&

¥ = Similar uses reported and & = Dissimilar uses reported

1 =Jamal et al. (2012); 2 = Khan et al. (2013); 3 = Qureshi et al. (2008); 4 = Jan et al. (2011); 5 = Matin et al. (2001); 6 = Ume-
Ummara et al. (2013); 7 = Abbasi et al. (2013); 8 = Ahmad et al. (2012); 9 = Ajaib and Khan (2014); 10 = Ahmad et al. (2009);
11 = Tariq et al. (2014); 12 = Akhtar et al. (2013); 13 = Rashid et al. (2015); 14 = ljaz et al. (2016); 15 = Bano et al. (2014); 16 =
Ahmad and Pieroni (2016); 17 = Ullah et al. (2014); 18 = Kichu et al. (2015); 19 = Ozdemir and Alpinar (2015); 20 = Kadir et al.
(2014)
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Discussion

In present study, 27 plant species belonging to 19 families were reported by the local
informants for 42 various health issues. The ethnomedicinal uses reported in the present
study (Table 1) were compared with 20 published ethnomedicinal studies from allied,
regional, national as well as at global level (Table 2). Comparative analysis of present
study with previous documentations revealed that the similarity index of 27 reported
medicinal plants ranged from 0% to 15.59% (JI) and 0% to 27.12% (QS) (Fig. 2).
Highest degree of similarity index was found with studies conducted by Qureshi et al.
(2008); Akhtar et al. (2013); ljaz et al. (2016), Matin et al. (2001) and Khan et al.
(2013) with JI (15.69%, 15.22%, 13.89%, 10.78% and 10.10%) respectively and QS
(27.12%, 26.42%, 24.39%, 19.47% and 18.35%) respectively. Furthermore, three more
international documentations having the common species with the present study, due to
which JI and QS shows similarity percentage with the study area, but interesting thing is
that all of them were used for different medicinal purposes which clearly means that
Jaccard’s and Sorensen’s similarity indices both targets only the common medicinal
plant species in both areas but not its common medicinal uses (Table 1). Table 1 shows
three different values which are of species enlisted only in the study area, common
species with similar uses and common species with dissimilar uses. But JI and QS
shows the results by combining both common species with similar uses and common
species with dissimilar uses in similarity. This simply reveals that either the common
plant species is similar or different in medicinal use but it is in similarity by JI and QS.
In comparison, we found Jaccard’s similarity index and Sorensen’s similarity index
value 0% with 3 studies from Siran Valley, (Mansehra), Pakistan (Ahmad et al., 2009),
Deosai Plateau, Gilgit Baltistan, Pakistan (Bano et al., 2014) and Aladaglar, Nigde-
Turkey (Ozdemir and Alpinar, 2015). But in this case, no single common plant species
has been found that is why JI and QS also showed 0% similarity (Fig. 2).

Table 2. Comparison of the present study with previous studies at regional, neighboring and
global level

Study area |NRSAA | TSCBA|SEOAA|SEOOA| CSSU | CSDU | J1% | QS% | RSI% | Citation (Sgg/g)
Kaghan Valley, Jamal et al.
Pakistan 30 4 26 23 2 2 8.70 16.00 4.00 (2012) 0.49
Naran Valley, Khan et al.
Pakistan 101 10 91 17 2 8 10.10 18.35 1.83 (2013) 0.15
Abbottabad, Qureshi et al.
Pakistan 47 8 39 19 4 4 15.69 27.12 6.78 (2008) 1.26
Kaghan Valley, Janetal.
Pakistan 75 3 72 24 1 2 3.19 6.19 1.03 (2011) 0.05
Shogran -
Valley, 107 11 96 16 2 9 1078 | 1947 | 177 M?tz'goelt)a" 0.14
Pakistan
Shogran Ume-
Valley, 50 2 48 25 1 1 2.78 5.41 135 [Ummaraetal.| 0.07
Pakistan (2013)
Himalaya, Abbasi et al.
Pakistan 89 9 80 18 2 7 10.00 18.18 2.02 (2013) 0.17
Kotli, AJK, Ahmad et al.
Pakistan 112 2 110 25 0 2 1.49 294 0.00 (2012) 0.00
Kotli, AJK, Ajaib and
Pakistan 50 2 48 25 0 2 2.78 541 0.00 Khan (2014) 0.00
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Siran Valley, Ahmad et al.

Pakistan 143 0 143 27 0 0 0.00 0.00 0.00 (2009) 0.00
Nathiagali, Tariq et al.

Pakistan 31 1 30 26 0 1 1.79 351 0.00 (2014) 0.00

Swat, North Akhtar et al.
PakKistan 106 14 92 13 3 11 1522 | 26.42 2.83 (2013) 0.31

. Rashid et al.

AJK, Pakistan 73 4 69 23 0 4 4.49 8.60 0.00 (2015) 0.00
Sarban Hills, liaz et al
Abbottabad, 74 10 64 17 5 5 13.89 | 24.39 6.10 J(2016) ’ 1.25

Pakistan

Deosai Plateau,

Gilgit Bano et al.
Baltistan, 50 0 50 27 0 0 0.00 0.00 0.00 (2014) 0.00
Pakistan
Thakt-e- Ahmad and

Sulaiman Hills, 51 3 48 24 0 3 4.29 8.22 0.00 Pieroni 0.00

Pakistan (2016)
Lakki Marwat, Ullah et al.
Pakistan 72 5 67 22 0 5 5.88 1111 0.00 (2014) 0.00
Chungtia
village, 135 3 132 24 0 3 265 | 516 | o0oo | Kichuetal |44,
Nagaland, ' ' ' (2015) '
India
Aladaglar Ozdemir and
. glar, 110 0 110 27 0 0 0.00 0.00 0.00 Alpinar 0.00
Nigde-Turkey (2015)
Thanchi,
Bandarban Kadir et al.
Hill, 84 3 81 24 1 2 291 5.66 0.94 (2014) 0.04
Bangladesh

NRSAA: Number of recorded plants species of aligned areas, TSCBA: Total species common in both area, SEOAA: Species
enlisted only in aligned areas, SEOOA: Species enlisted only in our study area, CSSU: Common species with similar uses,
CSDU: Common species with dissimilar uses, JI: Jaccard’s similarity index, QS: Sorrenson’s similarity index, RSI: Rahman’s
similarity index, Sign.: Significance level

Applications of Rahman’s similarity index (RSI)

The similarities and differences in ethnomedicinal studies seem to target the
importance of traditional knowledge on medicinal plants in different regions (ljaz et al.,
2016). The proposed similarity index (RSI) shows the cultural similarities between
ethnic communities of different areas by calculating particular plant species, same
medicinal usage. Traditional medicinal uses of plants mentioned in Table 1 are
compared with 20 published ethnomedicinal documentations of allied, regional, national
and at global level (Table 2). Review of the literature indicates the medicinal similarity
index uses ranges from 0% (Ahmad et al., 2009, 2012; Ajaib and Khan, 2014; Bano et
al., 2014; Tariq et al., 2014; Ullah et al., 2014; Ozdemir and Alpinar, 2015; Rashid et
al., 2015; Kichu et al., 2015; Ahmad and Pieroni, 2016) to 6.78% (Qureshi et al., 2008).
The highest degree of similarity index of the present study was found with a study
conducted in Abbottabad, Pakistan by Qureshi et al. (2008) with RSI = 6.78% (Fig. 2).
In comparison, we found RSI value 0% with 10 previous studies and out of these seven
studies had common plant species but no single common plant species has been cited
for common medicinal use(s) that is why RSI showed 0% similarity (Fig. 2). These
results indicate that the new index (RSI) could address the similarity between two
regions/sites on the basis of common plant/animal species with respect to their uses.
Medicinal uses comparative analysis reveals that maximum variation in RSI might be
due to cultural/ethnic or traditional differences between the current study area and
previously documented studies in allied, regional, national and global levels. Distance
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between study area and other regions also support the variation in results as it directly
correlates the vegetation of an area due to the differences in their edaphic factors
(Coughenour and Ellis, 1993; Witkowski and O’Connor, 1996) and physiographic
because each area has specific surface features and their form (Barnes et al., 1998). RSI
shows the cultural similarities between ethnic communities of different areas by
calculating particular plant species similar medicinal usage. RSI focuses on similar uses
of common medicinal plants (Table 2 and Fig. 2). Upon comparison with both the
similarity indices, new medicinal use reports of plant species are more accurately
determined by the proposed similarity index (Fig. 2).
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Figure 2. Comparison of the case study with previous studies at regional, national and global
level through Jaccard’s, Sorensen’s, Rahman’s similarity indices

Similarity indices and significance level

Comparative analyses of the present study with Matin et al. (2001) revealed that in
total 27 reported medicinal plants; two species were common in medicinal usage to both
areas. The JI is consequently 10.78% and QS is 19.47%, but newly proposed index
(RSI) showed 1.77% similarity. Whereas the results of RSI are also supported by
significance test (5%), as the level of significance between present study and Matin et
al. (2001) indicating the significance value of 0.13. We found RSI value of 0% while
comparing with previously done 10 ethnobiological studies (Ahmad et al., 2009, 2012;
Ajaib and Khan, 2014; Bano et al., 2014; Tariq et al., 2014; Ullah et al., 2014; Ozdemir
and Alpmar, 2015; Rashid et al., 2015; Kichu et al., 2015; Ahmad and Pieroni, 2016),
and out of these 7 studies had common plant species but no single common plant
species has been cited for common medicinal use(s) that is why RSI showed 0%
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similarity. The level of significance also strongly supports these results by indicating the
highest level of significance (0.00%) (Table 2). The threshold level of significance for
RSI is >1% (more than 1), as this is the border line of significance level at 5%
(p = 0.05). Furthermore, with 2 previous studies (ljaz et al., 2016; Qureshi et al., 2008)
maximum RSI (6.1% and 6.78%) was found and following these results the significance
level was also increased (1.25% and 1.26%) respectively in comparison with other
studies. Our results are in accordance with Goodall (1966) who reported that a lower
value of the similarity index may often correspond with a less probable degree of
similarity and vice versa.

Conclusion, novelty and future impact

After analytical comparison, some new medicinal uses of Ajuga integrifolia,
Bauhinia variegata, Dysphania ambrosioides, Convolvulus arvensis, Indigofera
heterantha, Malva parviflora, Plantago major, Salvia moorcroftiana, Taraxacum
officinale, Xanthium strumarium, Medicago sativa, Portulaca oleracea, Punica
granatum, Trachyspermum ammii, Trifolium repens and Zanthoxylum armatum were
recorded for the first time for the current reported medicinal uses from the study area.
These novel/new medicinal use reports of plant species were pinpointed by the newly
developed similarity index (RSI) but not indicated by the JI or QS indices. Inferences
derived from RSI are reliable and upon comparison can lead to novel findings and new
medicinal use reports of plant species more accurately. Further, RSI specifically targets
the ethnobiological similarities and would be a useful tool/index for future studies in the
assessment of rigorous quantitative ethnobiological data.
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