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Use of Medicinal Plants Among Thai Ethnic Groups: A Comparison. Thailand has a large rural
population that uses traditional medicinal plants extensively. The country is also the home of many
groups of ethnic minorities. But even if much ethnobotanical research has been done in many parts
of the country, most studies focused on a single village or a few; only a few of the studies were
concerned with comparing the ethnobotanical information among groups or regions of the
country. This makes it relevant to compare ethnobotanical knowledge among different ethnic
groups in Thailand, including both the rural Thai majority and the various minorities. For our
comparison, we collected data about the use of medicinal plants from 64 books, journal articles,
scientific reports, and theses published from 1990 to 2014. The data covered 16,789 use reports
from 2187 plant species used in 121 villages inhabited by 26 ethnic groups, including rural Thais
living in all regions of Thailand. The data were compared using the Informant Consensus Factor
(ICF) and clustering analysis. We found that villages inhabited by the same ethnic group often used
different plant species while villages in same region had higher similarity of used species for
treatments in the same use category, irrespective of which ethnic group that inhabited them.
Clustering diagrams showed that similarity in the use of plants was not larger for villages inhabited
by the same ethnic groups or from the same regions. So, it appeared that each village had, at least
in part, developed its own ethnomedicinal knowledge.
ประเทศไทยเป็ น ประเทศที ่ ป ระชากรมี ค วามหลากหลายทางชาติ พ ั น ธุ ์ ซึ ่ ง กลุ ่ ม ชาติ พ ั น ธุ ์ ส ่ ว นใหญ่ ม ั ก อาศั ย อยู ่ ใ นเขตชนบทแ
ละมีความรูเ้ กีย่ วกับการใช้พชื สมุนไพรเพื่อเป็นยารักษาโรคเป็นอย่างดี ในช่วงหลายปีทผี่ า่ นมา ได้มีรายงานการสำรวจการใช้ประโยชน์ของพืชสมุนไพรขอ
งกลุม่ ชาติพันธุ์จากหลากหลายพืน้ ที่ แต่อย่างไรก็ตามพบว่าการสำรวจการใช้ประโยชน์เหล่านัน้ มีเพียงส่วนน้อยทีม่ กี ารรายงานการเปรียบเทียบองค์ความรู้ด้
านการใช้ ป ระโยชน์ พ ื ช สมุ น ไพรเพื ่ อ เป็ น ยารั ก ษาโรคของชาติ พ ั น ธุ ์ ต ่ า ง ๆ ฉะนั ้ น การศึ ก ษานี ้ จ ึ ง มุ ่ ง เน้ น เปรี ย บเที ย บความรู ้ ด ้ า นการใช้ พ ื ช
สมุนไพรเพือ่ เป็นยารักษาโรคของชาติพันธุต์ า่ ง ๆ ในประเทศไทย โดยมีเนือ้ หาครอบคลุมถึงการใช้ประโยชน์พชื สมุนไพรของชนพืน้ เมืองต่าง ๆ อาทิ ชาวเ
ขาเผ่าต่าง ๆ ชนเผ่าซาไก มอแกน ชาวผูไ้ ท รวมถึงกลุม่ ประชากรทีอ่ าศัยอยู่ในเขตชนบทได้แก่ กลุ่มชาติพนั ธุไ์ ทย–เขมร กลุม่ อพยพชาวพม่า และชาวไทยพืน้ เ
มือง โดยการศึกษานีไ้ ด้รวบรวมข้อมูลการใช้ประโยชน์พชื สมุนไพรจากเอกสารต่าง ๆ ได้แก่ รายงานการวิจยั บทความจากวารสารทางวิชาการ หนังสือ
และวิทยานิพนธ์ ซึง่ ถูกตีพมิ พ์ในระหว่างปี พ.ศ. ๒๕๓๓ – พ.ศ. ๒๕๕๗ จำนวนทัง้ สิน้ ๖๔ ฉบับ ประกอบด้วยรายงานย่อยการใช้ประโยชน์จากพืชสมุน
ไพรกว่า ๑๖,๐๐๐ ครัง้ จากพืชสมุนไพรทัง้ สิ้นกว่า ๒๐๐๐ ชนิด จากการสำรวจทัง้ สิ้น ๑๒๑ หมูบ่ า้ น จำแนกออกเป็น ๒๖ กลุ่มชาติพนั ธุท์ ่อี าศัยอยูท่ ่วั ทุกภูมภิ
าคของประเทศไทย จากเปรียบเทียบองค์ความรู้ด้านการใช้พชื สมุนไพรของกลุ่มชาติพนั ธุเ์ หล่านี้โดยอาศัยดัชนี Informant Consensus Factor
(ICF) และการวิเคราะห์การจัดกลุ่ม (cluster analysis) พบว่ามีความแตกต่างขององค์ความรูด้ ้านการใช้ประ โยชน์พชื สมุนไพรเพื่อเป็นยารักษา
โรคจากหมูบ่ า้ นต่าง ๆ ภายในกลุม่ ชาติพันธ์เดียวกัน ในขณะทีผ่ ลการเปรียบเทียบองค์ความรู้ดา้ นการใช ป้ ระโยชน์พชื สมุนไพรของหมูบ่ า้ นต่าง ๆ ในเขตภู
มิภาคเดียวกันชีใ้ ห้เห็นว่าการใช้องค์ความรู้ดา้ นการใช้ประโยชน์จ ากพืชสมุนไพรในภูมภิ าคเดียวกันมีความคล้ายคลึงกันมากกว่า ในส่วนของผลการวิเคราะห์ก
ารจัดกลุม่ โดยใช้องค์ความรู้ดา้ นการใช้ประโยชน์จากพืชสม นุ ไพรเป็นเกณฑ์ พบว่า หมูบ่ า้ นต่าง ๆ จากชนเผ่าเดียวกัน หรือหมูบ่ า้ นต่าง ๆ ในภูมิภาคเดียวกัน
ไม่ได้ถูกจัดให้อยู่ในกลุ่มเดียวกันทั้งหมด จึงสรุปได้ว่าแต่ละหมู่บ้านในประเทศไทยมีองค์ความรู้เฉพาะด้านการใช้ประโยชน์พืชสมุนไพรเพื่อ
เป็นยารักษาโรคเป็นของตนเอง.
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Introduction
Studies of traditional knowledge from many parts
of the world have shown that traditional medicinal
plant selection is driven by both cultural and ecological factors. Focus has been mostly on cultural
and historical drivers (Bennett 1992; Bernstein et al.
1997; Gruca et al. 2014; Joshi and Edington 1990;
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Junsongduang et al. 2014), but in many cases,
ecology and availability also influence which plants
are used (Gaoue et al. 2017). In Nepal, for instance,
Chaubas and Syabru are two communities that used
plant resources from different environments (evergreen oak forest and Himalayan blue pine forest) and
had corresponding differences in medicinal plants
used (Joshi and Edington 1990). In the Amazon,
the Shuar’s use of an amazing diversity of traditional
medicinal plants depended on the very rich
rainforest flora and, at the same time, the uses were
governed by cultural traditions that involved many
ritual elements (Bennett 1992). In some cases, different populations of the same ethnic group, which
were separated from each other for centuries, maintain similar patterns of plant uses (Inta et al. 2008).
As with most other biological and sociological phenomena, traditional use of medicinal plants is uneven
with some medicinal species being commonly used
and others being used more rarely. In a previous study,
we distinguished between medicinal plants with only
one use–report, i.e., species that were mentioned in
the literature a single time, and other plants with two
or more use–reports, which we called Bcommonly
used species^ (Phumthum et al. 2018). Our assumption is this: species with two or more independent
reports of being used as medicine are much more
likely to be effective in traditional treatments. In
contrast, species with a single use–report may truly
represent very rare but still effective uses, or they
may originate as mistakes on behalf of the informants or researcher. Therefore, it may be useful,
when comparing traditional uses of medicinal
plants, to separate commonly used species from all
medicinally used species.
Thailand is blessed with over 30 ethnic minorities (Hidayati et al. 2015) that belong to five language families: Austronesian, Hmong–Mien, Sino–
Tibetan, Tai–Kadai, and Austro–Asiatic (SAC Database 2016; also see the Electronic Supplementary
Material [ESM] found in Appendix 1). Among
these ethnic minorities, 10 groups have been recognized as so–called hill tribes living in remote areas in
the mountains of Thailand (IWGIA 2010). Many
villages, where these people now live, rely on wild
natural resources, especially plants for food and
medicine (Anderson 1993; Inta et al. 2008). The
current Thai hill tribes represent both original Thai
ethnicities and, to a very high degree, migrants from
neighboring regions in Myanmar, China, Vietnam,
and Laos (Anderson 1993). These migrations occurred over the past few hundred years and have
created a kaleidoscopic mixture of cultural diversity
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in northern Thailand (Tribal Research Institute
1995). Their current traditional knowledge comes
in part from the culture practiced in the original
homelands and in part from the ecological conditions and the flora and fauna that their new homelands in northern Thailand provide. Over the past
decades, several villages have had their traditional
knowledge of medicinal plants documented, especially among the hill tribes in northern Thailand
(Anderson 1993). But only a few studies have addressed the combined cultural and ecological drivers
of traditional plant use. A study of the Akha, in both
their original homeland in China and in villages of
migrant populations in Thailand, found that although those populations were separated over
100 years ago, they still have similar patterns of
plant uses. However, because they currently live
under different ecological conditions, the Chinese
and the Thai Akha use different species for the same
purposes (Inta et al. 2008). Karen and Lawa, who
live in adjacent villages within the same habitat and
with the same forest resources in the Chiang Mai
province of Thailand, used different species of medicinal plants for the same purposes (Junsongduang
et al. 2014). However, these studies only reported
results from a few villages and a couple of ethnic
groups in Thailand, so we cannot conclude that
people in the same ethnic group use similar plants
and that they are different from other ethnic groups.
These examples prompted the hypothesis we explore here; namely, that people who live in different
villages but belong to the same ethnic group would
have a high degree of similarity in the medicinal
species they used and that villages inhabited by
different ethnic groups would have a lower degree
of similarity in the species they used. Here, we focus
on those ethnic groups that have had their traditional knowledge of medicinal plants well documented in ethnobotanical studies. We also make a
distinction between all used species and commonly
used species. Our aim was to compare medicinally
used plant species of (1) villages inhabited by same
ethnic group in all regions and (2) all villages
inhabited by all ethnic groups in the same region.

Methods
ETHNOMEDICINAL DATA
Reports of medicinal uses of plant species
were extracted from 64 published papers, theses,
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books, and reports produced in the period
1990–2014 (see Appendix 2, Electronic Supplementary Material [ESM]. Each use of a medicinal
plant for a specific purpose by a particular group in a
particular village was counted as a use–report. All
use–reports were traced back to the original source,
and repeated mentions of the use in subsequent
publications were not counted as new use–reports.
Only records of medicinal plants for which the
original publication gave a scientific name were
included (see Appendix 2, ESM). The data from
these references provided 16,789 medicinal use–
reports for 2187 plant species in 206 families
(Phumthum et al. 2018). Our survey does not
pretend to cover all ethnomedicinal studies in Thailand, but we consider it to be representative due to
its wide geographic coverage of 121 villages distributed throughout the country. Each single use–
report was classified in use categories following a
standard (Cook 1995). In our analysis, we made a
distinction between all used species and species with
more than two records in the literature (commonly
used species).

ETHNIC GROUPS
Ethnic group names used here are the same as
those used in the original references. In cases when
the original references did not provide a name for an
ethnic group, they were referred to Brural Thai
people,^ which we divided into seven groups according to floristic regions used in Thai Plant Names
(Pooma and Suddee 2014). The data include one
village inhabited by recently migrated Burmese people. Of the 121 villages represented in the data, 21
were Karen, 14 were rural Thai in southern Thailand, and 13 were Hmong. The remaining 23
ethnic groups were all represented by seven or fewer
villages in our database (Fig. 1).

FLORISTIC REGIONS
To test the similarity of used species from villages
in the same region, all villages mentioned in the
references were divided into seven groups corresponding to the floristic regions used in Thai Plant
Names (Pooma and Suddee 2014). Based on differences in vegetation, these regions are believed to
have different floristic compositions, which means
that villages in the same region would have a more
similar set of plants compared to villages in different
floristic regions. The northern region is covered in
dry–deciduous forests, dry–hill forests, and
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montane temperate forests and includes Indo–
Burmese floristic elements. The northeastern region
has dry–deciduous to mixed–deciduous forests, and
in some small areas dry–evergreen forest or savanna
mostly with floristic elements from south China,
but also a few Indo–Chinese elements. The eastern
region is covered in dry–dipterocarp forests and
savannas with the influence of central and southern
Indo–Chinese elements. The southwestern region
includes the so–called Tenasserim or Lower Burmese flora; bamboo forests are common, but evergreen forests, mixed–deciduous forests, and mangroves can also be found. The central region is the
main rice cultivating area and only has a few remnants of the original forest and mangroves that are
still found along the coasts. The southeastern region
has a mixture of Indo–Chinese and Malesian floristic elements, including dipterocarps and species of
Lophopetalum and Parkia. The peninsular region is
covered by dipterocarp rain forests, mangroves, and
swamps. Welzen et al. (2011) proposed a simpler
system—based on analyses of databases containing
distribution data of species—with only four floristic
or phytogeographical regions. We have maintained
the seven–region system because it coincides with
some linguistic dialects; for example, the northern
I–San dialect is spoken in the northeastern region
and the southern I–San dialect spoken in the eastern
region, and the central and southwestern regions also
have different Thai dialects.

INFORMANT CONSENSUS FACTOR
The use of medicinal plant species within each
category, following the Economic Botany Data Collection Standard (Cook 1995), was tested for homogeneity using the Informant Consensus Factor
(ICF) (Trotter and Logan 1986):
ICF ¼

Nur−Nt
Nur−1

where Nur is the number of use reports in a particular category and Nt refers to the number of species
that were used as medicine in that particular category. ICF values close to one (1) imply that there
was a well–defined selection of the plants for medicinal use or that there had been exchanges of
information between informants. ICF values close
to zero (0) suggest that plants were selected randomly for medicinal use or that there had not been
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Fig. 1.. Locations of 121 villages color coded for each of the 26 ethnic groups (19 ethnic minority groups and 7 rural
Thai people with blue color from all seven regions). The data originated from 64 references published from 1990 to
2014.

68

ECONOMIC BOTANY

any exchange of knowledge between the informants
(Gazzaneo et al. 2005; Srithi et al. 2009).
In this analysis, we tested similarity of used medicinal plants from all villages inhabited by the same
ethnic groups. We also tested similarities between
villages inhabited by different ethnic groups located
in the same region. We excluded ethnic groups that
were represented in only a single village because, in
such cases, we could not compare similarity within a
particular group. After excluding groups according
to these criteria, we had 19 ethnic groups for village
comparisons. However, for similarity of villages
within each of the seven regions, the data from all
26 ethnic groups were analyzed.

CLUSTER ANALYSES
All villages were grouped based on their medicinal species. We created matrices of species for all use
categories from all villages. Each matrix had villages
as column names and species as rows. A cell was
given the value one (1) when there was at least one
use of a particular species in a particular village or
zero (0) for lack of information about the use of that
species in that village. The analysis was done by
using complete linkage cluster analysis in the R
package (R Core Team 2014).
To cluster villages based on medicinally used species may not be enough to inform about similarity in
traditional knowledge of medicinal plants because the
same plant species may be used to treat different
health conditions in different villages. To avoid this
bias, all villages were clustered again based on species
in each of the medicinal use categories following Cook
(1995). To remove biased results from uncommon
uses in some categories, this analysis involved only
the following categories: digestive system disorders,
infections/infestations, nutritional disorders, genitourinary system disorders, muscular–skeleton system disorders, and injuries. All these categories had high
numbers of reported uses (Phumthum et al. 2018).

Results
INFORMANT CONSENSUS FACTOR
Eastern Thai people, Lua, Khmu, northeastern
Thai people, and Karen had high ICF values in
several categories. Mien, Hmong, peninsular, and
northern Thai people had moderate ICF values in
many categories. Taiyai, H’tin, southwestern Thai
people, Lue, and southeastern Thai people, in

[VOL 73

contrast, had very low ICF values in almost all
categories, mostly close to or equal to zero (0). A
few use categories in some ethnic groups had values
higher than 0.5. Usage of plants to treat circulatory
system disorders among the Khmu and to treat abnormalities among the northeastern Thai people had
ICFs that were higher than 0.6 (Fig. 2a).
Comparing ICF based on use categories by regions contrasted to the comparison by ethnic groups
(Fig. 2a, b). The difference between the ethnic
groups’ ICFs (lower) and those for the regions
(higher) is mostly due to the different levels of
analysis. Most ICF values for regions were higher
than 0.5, especially in the northern region where
they were higher than 0.5 ICF in all categories. The
values from the peninsular region were also high
except for the category nervous system disorders.
Many categories from the northeastern and eastern regions had high ICF values, while there were
low ICF values in many categories from the
southwestern, southeastern, and central regions
(Fig. 2b).
There were high ICF values for digestive system
disorders, infections/infestations, and respiratory system
disorders in many ethnic groups, whereas ICF values
for plants used for mental disorders and inflammation
were very low in almost every ethnic group (Fig. 2a).
For the set of values for regions, there were no
outstanding values across all regions. Almost all
categories showed high values except the categories
of mental disorders, inflammation, and abnormalities
(Fig. 2b).

CLUSTER ANALYSES
Our analysis showed that some villages clustered
according to ethnic or linguistic groups. Some
Hmong (Hm) and Mien (Ya) villages that belonged
to the Hmong–Mien language family were in the
same large group in the cluster diagram. Rural Thai
villagers (Th) in the eastern region (E) were clustered together in one group. Karen (Kr) villages
from the northern region (N) were split into two
groups. All Sakai (Sk) villages were together in one
branch. In addition, there were pairs of villages from
the same ethnic groups that were very close to each
other. However, more than half the villages were
scattered along the tree without showing any pattern, for example, Lua (Lw), Akha (Ak), and rural
Thai people (Th) in each region, as well as many
Hmong villages (Fig. 3).
Clustering of individual medicinal use categories
were different from clustering that included all
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Fig. 2.. Informant consensus factors (ICFs) calculated for each of 19 ethnic groups (a) and for all data from 121
villages in seven regions (b) based on 64 references published from 1990 to 2014. Red color corresponds to low ICF
value while the whiter color corresponds to high ICF values (see scale in lower right corner). Cells in the same column
represent ICFs obtained for each of the ethnic groups or regions distributed over the use categories (rows). Cells in the
same rows present ICFs for a particular use category distributed over the ethnic groups.

categories of medicinal uses. Each diagram had its
unique village relationship clustering. There was
only one group of five Karen villages that were
closely clustered in all analyses. Hmong and Mien
villages, which were clustered in Fig. 3, were divided
into small groups and appeared in different positions in each of the diagrams showing specific use
categories. Three Sakai villages were never clustered
but appeared in different branches in each diagram.
Many pairs of villages, from the Ball used species^
diagram, were not clustered in several of the diagrams for individual medicinal use categories. There
were only few pairs of villages that were paired in a
few categories such as Hmong village (Hm_N_08
and Hm_N_10), local Thai People in eastern region (Th_E_03 and Th_E_04), Mien (Ya_N_03
and Ya_N_04), and Karen (Kr_N_06 and
Kr_N_07) (see Appendix 3, ESM; Figures A1–A6).
The regions of the villages showed similar results
to the classification by ethnic group. Many clusters
included villages from different floristic regions, for
example, a cluster of villages in the peninsular,
southwestern, and central areas (Th_P_25,
Kr_SW_2, Th_P_28, Th_P_27, and Th_C_02),

or a sub–cluster including many villages in the
north, peninsular, northeast, east, and southwest
(MS_N_04, MS_N_03, Th_P_22, Th_NE_01,
Li_N_01, Hm_N_07, Mk_P_01, Th_E_06,
Ht_N_02, Lw_N_02, Hm_N_01, MB_SW_01,
and Ch_N_01) (Fig. 4). This pattern was repeated
for cluster diagrams for specific medicinal use categories (see Figures A1–A6 in Appendix 3, ESM).

ETHNIC GROUPS, REGIONS, AND COMMONLY
USED SPECIES
The regression models showed that there was a
relationship between the numbers of studied villages
and the numbers of medicinal plants (Fig. 4a). With
more studied villages, there was a higher number of
all as well as the number of commonly used medicinal species (species with > 2 records in the data)
(Fig. 4b).

Discussion
To secure the quality of the data for this meta–
analysis, we were selective and only included
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Fig. 3.. Village cluster diagram, based on used medicinal plant species among 26 ethnic groups living in 121 villages
for which data were obtained in a meta–analysis of ethnomedicinal patterns in Thailand based on 64 references published
from 1990 to 2014. To analyze the similarity of medicinal plants, each village was assigned a unique code following the
formula: EE_A(A)_XX where EE is an abbreviation of an ethnic group name detailed in Fig. 4. A(A) represents the
villages’ floristic regions (Pooma and Suddee 2014) and XX is the order of the village in an ethnic group (01, 02, 03, . . .).
The first two digits indicate the tribal names of each village (Th = local Thai people, La = Lahu, Ya = Mien, Hm =
Hmong, Kmu = Khmu, Ak = Akha, Ty = Taiyai, Kr = Karen, Lw = Lawa, Li = Lisu, Ms. = Lahu, Ht = H’tin, Kc =
Khachin, Sk = Sakai, Ch = Haw, MB = Recent migrated Burmese, Mk = Morkan, Le = Tai Lue, Km = Thai–Khamer,
and Pt = Phuthai), while the next letter(s) represent village regions (N = north, NE = northeast, E = east, C = center,
SW = southwest, SE = southeast, and P=Peninsular). The use of the same color means the same ethnic group.
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Fig. 4.. The relationship between the number of studied villages and the number of medicinal species reported for
each ethnic group (a) and each region (b). Black–diamonds are all used species in each ethnic group and white squares
represent numbers of commonly used species in a specific ethnic group. The solid line is the regression of number of all
medicinal used species; the dashed line is the regression of commonly used medicinal species.

references that met certain standards; for example,
mentioned plants were documented with their scientific names. And, although there may be variation
in the protocol followed in the 64 cited references,
they were all similar in that the information was
derived by interviews that solicited information
about specific uses of specific species, and that the
names should be so well documented that their
scientific names were known. Still, even if the cited
studies were the best ones available concerning Thai
medicinal plants, we could not be sure that the lists
of species used in each village were exhaustive.
Species could be missing on the lists because they
were not available in the village at the time of
collecting the data, or because the researcher may
have had limitations in terms of time or other
resources. Other data that could have strengthened
our meta–analysis would have been on the total
floristic list for each village so it could be determined
whether a lack of use was due to the unavailability of
a species or whether it was due to other causes. Such
data, however, are extremely rare in ethnobotanical
studies, and therefore not available for meta–
analysis like this one. We do feel that the lists of
medicinal plants that have been available to us from
each of the 121 villages are representative and that
they make a valid basis for comparisons of the
villages and their used species. On the other hand,
our previous study showed that the 2187 reported
medicinal plant species in Thailand did not represent saturation on the species/village curve, so additional medicinal species are to be expected in Thailand (Phumthum et al. 2018).

The Informant Consensus Factor (ICF) values
for uses of medicinal plants among ethnic groups
and rural Thai people were high in these categories:
digestive system disorders, infections/infestations, genitourinary system disorders, muscular–skeleton system
disorders, respiratory system disorders, injuries, and
nutritional system disorders (Fig. 2a, b). These high
ICFs show that the studied villages in Thailand
shared traditional knowledge of medicinal plants
to cure symptoms related to these use categories
(Gazzaneo et al. 2005; Srithi et al. 2009). Thus,
similar species of plants were used cross–culturally
throughout Thailand in these medicinal use
categories.
Focusing on the ICFs of specific ethnic groups,
most values in the various use categories were equal
to or close to zero. This suggests that people from
the same ethnic group who live in different villages
used different plant species to treat ailments in the
same categories. This was contrary to the comparison of used species by floristic regions, which suggested that the villages of a region, regardless of
which ethnic group they were inhabited by, used
similar species for treatments in the same use categories (Fig. 2a, b). As a floristic region represents
similar plant communities in that particular area, it
is possible that availability of plants was one of the
factors influencing selection of medicinal species in
Thailand.
The cluster analysis for villages based on medicinally used species suggested that each village had
unique traditional knowledge of medicinal plants.
The diagrams showed clustering that was unrelated
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to either language families or ethnic groups. Moreover, each village (except a few Karen villages) were
found in different branches of the diagrams when
individual medicinal use categories were analyzed
separately (Fig. 3). That showed that people from
different villages had different sets of known medicinal plants.
Some groups (Karen, Hmong, northern Thai
people, peninsular Thai people, northeastern Thai
people, Khamu, Lua, and eastern Thai people) used
similar sets of medicinal plants in several categories
with relatively high ICF values. Nevertheless, most
of those high ICF values were not higher than 0.5
(Fig. 2a), possibly because we were faced with a
limitation of data sources. Some ethnic groups, such
as Karen, have been intensively studied because they
are the largest group of ethnic minorities in Thailand while H’tin and Sakai had fewer studies due to
their small population. The differences in the numbers of studied villages in each floristic region were
affected by the variety of ethnic groups in each
region. The northern Thailand region is rich in
ethnic groups and cultures, so it had many studied
villages. On the other hand, the central region, in
which most of the population is rural Thai people,
had very few studies. We could not control this
sampling size bias.
We made plot graphs to look for any relationship between the number of all used species
and commonly used species by the ethnic
groups and regions. The higher the number of
studied villages for an ethnic group, the higher
were both the number of all used and commonly used species. Karen, Thai people in the peninsular region, and Hmong had relatively high
numbers of all used species as well as commonly
used species since more studies had been made
of these ethnic groups. In contrast, other groups
with fewer studied villages had lower numbers of
both all used species and commonly used species
(Fig. 4a). This pattern also appeared in the relationship between the number of studied villages and the
numbers of medicinal species (both for all used
species and for commonly used species). The northern region, which had the most studied villages (73
villages), had the highest numbers of both all used
species and commonly used species. Peninsular,
eastern, and northeastern regions, which had 10 to
20 studied villages, had much fewer used species
compared to the northern region, but there were
more used species and commonly used species than
in other regions that had less than 10 studied villages (Fig. 4b).
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Our anticipation that with more studied villages,
both all used species and commonly used species
would increase was confirmed (Fig. 4a). Even
though we have data for 2187 species from 121
villages, the accumulation curve did not reach a
saturation point for all medicinal species in Thailand. A more complete list of medicinal plants in
Thailand would require the study of more villages.
The saturation level for the number of commonly
used species was at approximately 1250 species,
which was reached with 80 studied villages
(Phumthum et al. 2018). Our assumption that
when more villages were studied, similarities of
traditionally used species overlapped by chance
seemed to be supported by a study from two communities in Nepal that used plants from different
forest types (evergreen–oak forest and Himalayan
blue pine forest) that provided different sets of
medicinal plants (Joshi and Edington 1990). On
the other hand, the Amazonian Shuar were somewhat similar to other Amazonian communities in
Ecuador, Bolivia, Peru, and Venezuela, possibly
because there is a high level of exchange of traditional knowledge about medicinal plants throughout the region (Bennett 1992). One driver for
selecting species for medicinal use is the ease of
access to the plants (Bennett and Husby 2008;
Martin 1995). Therefore, widespread and locally
common plant species have a high probability of
being selected as medicines by people in many
villages.
Our results agreed with those found in a comparison of medicinal plant knowledge in villages
inhabited by the Akha living in Thailand and China, respectively. These Akha communities in Thailand and China, which were separated over
100 years ago, had major differences in medicinally
used species, but they shared use–patterns, such as
plant families used, plant growth forms, and habitats of medicinal plants (Inta et al. 2008). Our
results also agreed with the study of medicinal plant
uses of Karen and Lawa in Chiang Mai, Thailand.
These two neighboring villages, belonging to different ethnic groups, shared the same natural resources
in the surroundings of their villages, but still, they
had only few shared medicinal species. Moreover,
modes of preparation and applications were significantly different in these two villages and these
different patterns were interpreted as being driven
by their different historical and cultural backgrounds (Junsongduang et al. 2014). However,
since there was no comparison between different
villages of the same tribe in that study, it might be
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that different use patterns of these two villages were
also driven by development of new knowledge after
migration apart from their historical and cultural
backgrounds.
Here, we show that each village has its own
traditional knowledge of medicinal plants and
we suggest that it may have developed independently in each village. Therefore, traditional
knowledge from all these villages in Thailand
should be conserved and protected. Although
we found that villages had developed new
Btraditional knowledge^ on medicinal plants, it
is unfortunate that ancient knowledge from
their original places has disappeared after settlement as demonstrated by the low similarities of
used species in each tribe in our analysis. Many
modern medicines were developed from
ethnomedicinal templates (Cox 2000; Cox and
Balick 1994; Lewis 2003), so vanishing traditional
knowledge will reduce opportunities to discover
new effective drugs in the future. It is true that even
though some traditional knowledge has disappeared, our results also suggested that people have
developed new knowledge after settlement in different environments in new areas. However, using
plants in different ways in the same ethnic group
may imply that most knowledge of their ancestors
had been forgotten. The ethnobotanical study of
Akha, who have been separated for over 100 years,
showed that even though those communities used
the same plants in similar ways and the same plants
in family level, some uses of plants at the species
level were different (Inta et al. 2008). This implies
that uses of plants in isolated communities changes
through times. A recent study found that many
traditional uses of palms in Ecuador were no longer
practiced after a 30–year period (Schneider et al.
2017). Our study raises even more concern because
villages from the same ethnic groups were isolated
from each other after settlement in Thailand over a
period of centuries. We do not know how much
knowledge has been lost. Moreover, the use of
medicinal plants depends on natural resources.
Now we face a period of vast biodiversity loss
(Barnosky et al. 2011; Cardinale et al. 2012). This
means that development of traditional knowledge
from fewer remaining plant species may not be able
to compensate for the loss of knowledge from more
abundant species. Besides, we are also facing a period of fast traditional knowledge erosion driven by
globalization, climate change, and urbanization
(Bussmann and Sharon 2006; Ragupathy et al.
2008; Srithi et al. 2009; Voeks and Leony 2004).
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In general, traditional knowledge was transmitted
from generation to generation orally and through
daily life activities (Anyinam 1995; Kaval et al.
2014). Sometimes, traditional knowledge disappeared without transmission before traditional
healers passed away (Cox 2000; Giday et al. 2003;
Ji et al. 2004). Before this valuable knowledge disappears, the young generations in each village must
document and publish it for future use. In addition,
our results suggest that each village had its own
traditional knowledge on medicinal plants, which
was different from that of other villages although the
villages were inhabited by the same group. Therefore, we encourage ethnobotanists to visit and document ethnobotanical knowledge in as many villages as possible to conserve traditional knowledge.

Conclusion and Perspectives
People in the same floristic region had higher
similarities of plant species used for medicines compared to the similarity of plant uses by people in
the same ethnic group. This suggests that the availability of plant species was one of the factors that
influence the selection of medicinal plants in Thailand. However, because the similarity was not very
high, this was not a main factor for plant selection.
We also found that each village had its own and
unique ethnomedicinal knowledge, even though
they were villages in the same floristic region, such
as H’tin, Taiyai, or Lue. Many ethnic groups that
migrated to Thailand some centuries ago have different uses of plants for medicines nowadays. After
isolation and settlement in new areas, people who
are recognized as members of the same ethnic group
but live in different villages use plants in different
ways. This suggested that they had developed their
own new knowledge and forgotten the original
knowledge they had before they were isolated from
each other. For knowledge conservation, this
teaches us as ethnobotanists to work harder to fight
the rapid erosion of traditional knowledge. The
result from this study demonstrates that we need
to document ethnomedicinal knowledge in as many
individual villages as we can. It does not matter if we
repeat a study of the same ethnic group that has
been studied before, as long as the village is new to
ethnomedicinal study. Since many plants that were
formerly used as traditional medicines today provide
modern drugs, some documented ethnomedicinal
plants can become templates for pharmaceutical
development in the future. Many people who
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possess traditional knowledge live in remote areas
far away from public health centers. Most people
from the older generations never had basic education (see the list of references in Appendix 2, ESM).
Consequently, they cannot themselves write down
their knowledge to transfer it to the younger generations. The traditional way of knowledge transfer
was by telling or by sharing routine activities. Sometimes informants passed away before their knowledge was shared. Therefore, ethnobotanical studies
are needed to carry on documentation of medicinal
knowledge. This could protect the lives of villagers
from general illness and may also save many people
in our world through new drug discoveries. We
suggest that ethnobotanical knowledge should be
documented from all villages and ethnic groups as
soon as possible and made available to the communities. Local schools should become involved with
local healers to provide integrated learning to children in the communities. Local governments
should promote uses of traditional medicines. Medicinal plants should be propagated and cultivated
in agricultural areas or home gardens.
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