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Ethnobotanical Study of Traditional Building Materials from the Island of Bali, Indonesia. Local
knowledge of plant-based building materials has long been part of Balinese tradition. In order to better

understand this particular tradition, we carried out a comprehensive ethnobotanical study of 1 3 aga villages.

The data were obtained through semi-structured interviews and questionnaires. Seventy-eight species of

plants were identified, comprising 63 genera and 34 families, of which 46% are native to the Flora Malesiana

floristic region, 20% to the Indian floristic region, and 1 7% to the Indochinese floristic region. Ninety-one percent

were trees. The most frequendy used part was the stem (88%). The main use categories reported for building

materials were houses (38%), religious uses (Balinese Hindu temple; 33%), stables (5%), and barns (2%). Thirty-

eight percent appeared in more than one use category. Arenga pinnata (Wurmb) Merr. and Magnolia champaca

(L.) Baili, ex Pierre were the two species that possessed the highest values in the preference ranking for use

value (UV) followed by Artocarpus heterophyllns Lam. Species richness differed substantially between villages

according to their different levels of traditional knowledge preservation. Despite the impact of the fast-

growing tourist industry and the decline of local knowledge, the Balinese who live in the study areas still

depend on locally available indigenous plant species for their building materials. The cultivation of these

indigenous plants is in a period of crisis, especially with regard to conservation.

Studi Etnobotani Bahan Bangunan Tradisional dari Pulau Bali, Indonesia. Pengetahuan lokal bahan
bangunan berbasis kayu telah lama menjadi bagian dari tradisi orang Bali. Untuk memahami tradisi

tersebut dengan lebih baik, studi etnobotani yang menyeluruh dilakukan dengan menggabungkan riga

belas desa aga. Data etnobotani diperoleh melai ui wawancara semi-terstruktur dan kuesioner. Tuj uh pul uh

delapan jenis tanaman yang terdiri dari 63 genera dan 34 famili telah diidentifìkasi, yang mana 46% adalah

tanaman asli dari Malesiana, 20% dari India, dan 17% dari Indocina. Sembilan puluh satu persen adalah

jenis pohon. Bagian yang paling sering digunakan adalah kayu (88%). Kategori kegunaan utama bahan

bangunan adalah hunian rumah (58%), tujuan keagamaan (Pura Hindu Bali; 35%), kandang ternak (5%),

dan lumbung padi (2%). Tiga puluh delapan persen dari total tanaman yang diidentifìkasi memiliki lebih

dari satu kategori kegunaan. Arenga pinnata (Wurmb) Merr. dan Magnolia champaca Magnolia champaca

(L.) Baili, ex Pierre adalah dua jenis tanaman yang memiliki nilai tertinggi dalam peringkat nilai guna (UV),

kemudian diikuti oleh Artocarpus heterophyllus Lam. Kekayaan spesies berbeda secara substansial diantara

desa-desa sesuai dengan tingkat pelestarian pengetahuan tradisional. Meskipun dampak dari pesatnya
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perkembangan industri wisata dan penurunan pengetahuan lokal, orang Bali masih tergantung pada

ketersediaan jenis tanaman asii untuk bahan bangunan mereka. Budidaya tanaman asii berada dalam

période krisis, khususnya yang berkaitan dengan pelestarian.

Key Words: Austronesia, building materials, plant diversity, local knowledge, wood resources.

Introduction

Throughout the world, wild, cultivated, and nat-
uralized plants provide a "green social security" to
hundreds of millions of people, for example in the

form of low-cost building materials (Cunningham
2001). The basic needs of indigenous communities

are highly dependent on natural products extracted
from the forest, with more than 200 species of
plants being used as wood resources just in Indone-
sia (Abdurrahim et al. 2004; Krisdianto et al. 2013;

Martawijaya et al. 1981, 1989).
Balinese traditional communities live in dose prox-

imity to natural environments that possess a rich diver-

sity of culturally valued plant species (Agung 2003;

Pringle 2004; Sujarwo and Caneva 2016). Being a
predominandy Hindu population surrounded by a

Muslim majority, Bali and the Balinese are of par-

ticular interest for scholars of ethnology (see Pringle

2004). Its unique and distinctive Subak paddy fields

mean that Bali is a fascinating island to explore. Bali

is part of the Flora Malesiana, a floristic region that

comprises the political entities of Malaysia, Singa-

pore, Indonesia, Brunei Darussalam, the Philip-
pines, East Timor, and Papua New Guinea (van
Steenis 1930). This floristic region is one of the
most diverse in terms of both animal and plant

species (Myers et al. 2000). The richness of Bali's

plant diversity is matched by that of its cultural

heritage (Pringle 2004; Sujarwo and Caneva
2016). In other words, Balinese ethnobotanical
knowledge reflects the long history of man's inti-
mate relationship with the environment (Sujarwo

and Caneva 2015; Sujarwo et al. 2015, 2016). The
people that live in this floristic region, including the
Balinese, use mostly native tree species as plant-

based building materials. Unfortunately, Balinese
traditions have increasingly and rapidly been subject

to cultural erosion, as reported by Sujarwo et al.

(2014). Fortunately, Bali still possesses several well-

preserved indigenous traditional villages, known as

aga , which are defined as villages inhabited by fam-
ilies whose ancestors lived in Bali prior to the arrival

of Majapahit Hindu refugees from Java at the end of

the 15th century and in the early 16th century

(Coedes 1968; Hefner 1983; Pringle 2004).

A small portion (less than 20%) of the island's

vegetation is still in a well-preserved natural condition

(Badan Pusat Statistik 2017). Balinese traditional
communities long agp began implementing a local
customary law concerning the sustainable use of re-
newable natural resources (Sujarwo et al. 2014). The

main focus of the law with regard to nature concerns
the extraction of plants for building materials. From a

scientific viewpoint, sustainability of this plant use
should ideally be based on a knowledge of the avail-

ability of resources, the potential for species regenera-

tion, and the rate of resource use (Gaugris and van

Rooyen 2009; Lawes and Obiri 2003; Obiri et al.
2002). Since most resources in this case are used by

people who live in local - and almost always
traditional - societies, a biological assessment should

be accompanied by a social evaluation using an eth-
nobotanical approach (Posthouwer et al. 2016). Al-

though traditional Balinese communities have access
to natural areas and plant resources are freely available

to them, the sustainable use of natural, renewable

resources is evaluated at a tribal community level

through a system known as awig-awig (Balinese local
customary law) (Sujarwo et al. 2014).

The buildings of the Balinese aga have been
studied architecturally by researchers such as Aranha

(1991), Budihardjo (1985), and Lansing (1983).
These previous studies mosdy concentrated on the
architectural and artistic aspects of Balinese buildings

and the comparison with "fellow Hindu" buildings in

Nepal. There is no detailed information regarding the
botany of the plant species implemented and how the
Balinese use them. The present study aims to describe

the plant species related to traditional Balinese knowl-

edge of building materials, to discover the most valued

plant species according to their uses and origin, and to

achieve a better understanding of species diversity
within the areas under investigation and the sustain-
ability of using plant-based building materials.

Materials and Methods

Study Area

Bali is one of the westernmost islands of the

archipelago known as the Lesser Sunda Islands. Like
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the other Indonesian islands, Bali has a tropical
climate, with fairly equable mean year-round tem-

perature of around 30 °C and a humidity level of
about 85%. It has a rainy season from November to
April and a dry season from May to October. Total
annual rainfall can vary across the island from 1200

to 3700 mm. The soil is generally alluvial and
dominated by latosol, regosol, and andosol soil
types (Badan Pusat Statistik 2017).

Bali aga villages are typically composed of 2000
to 5000 inhabitants (Electronic Supplementary Ma-
terial - ESM), of whom the majority are farmers.
The villages are inhabited by families whose ances-
tors lived in Bali for many generations and have
maintained ancient Hindu traditions and an econ-

omy totally based on agriculture and wild natural
resources. They are regarded as the indigenous Ba-
linese people, having inhabited the island long be-

fore the coming of the later Bali people, who are
well known as Bali Majapahit (Sujarwo et al. 2015).

Thirteen aga villages were selected and surveyed for
the present study, ranging geographically from 07°
5 4' to 08° 50' S and from 1 14° 26' to 1 15° 43' E,

with altitudes of 242-1 187 m (Fig. 1). Most villages
occur in the higher altitudes of the island, and they
are mainly concentrated in the north and east of the
island, where the touristic pressure is lower. The
people that inhabit these 13 villages belong to the
Bali aga ethnic group and maintain their traditional
early Balinese Austronesian lifestyle as well as having
relatively free access to natural resources according
to their traditional law.

About 1 8% of the island is still covered by forests
(lowland tropical rainforest to lower montane for-
est), of which 8, 10, and 0.3% are classified as
primary, secondary, and anthropogenic forests, re-
spectively. Unfortunately, significant deforestation
is occurring, causing a rapid decrease in forest cov-
erage (Badan Pusat Statistik 2017).

Data Collection

Information on the use of plant species related to

traditional Balinese knowledge of building materials
was obtained through semi-structured interviews (in-
dividual and group discussions) and questionnaires.

Fig. 1. The island of Bali and the location of the study area. Villages: Bg Bayung Gede, Cm Cempaga, Jt J atiluwih,
Pd Pedawa, Pg Penglipuran, Sd Sidatapa, Sg Songan, Sm Sembiran, Sp Sepang, Tg Tenganan, Tr Trunyan, Tw
Tigawasa, Wg Wongaya Gede.
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Informants were identified using the snowball meth-
od (Bernard 2002; Sujarwo et al. 2014). We selected

key informants based on information obtained from

the village leaders, and one additional informant
was randomly selected in each village. Fifty infor-
mants were interviewed between May and Ju-
ly 2013. Several different kinds of interviews were
carried out, including one-on-one interviews, group
discussions, interviews with selected strata of infor-

mants, and structured questionnaires (Alexiades and
Sheldon 1996). Before each interview, prior in-
formed consent was requested and throughout the

study, international codes of ethics were respected

following Rosenthal's ethical recommendations
(2006). After obtaining consent, various strata of

participants (farmers, village leaders, religious
leaders, and others) were interviewed, with ages

ranging from 14 to 78 years old.
A minimum of four informants (three key infor-

mants and one randomly selected informant) per

village were interviewed. Informants were asked to
provide a list of plants (wild or semi-wild) that they
used as building materials, including advanced or
more detailed information such as local/ vernacular

names, parts of plant harvested, and for which type
of buildings such parts of the plant were used. The
fairly low number of women in the sample size
reflects the markedly patrilineal culture of Bali (see
Geertz and Geertz 1975; Pringle 2004;
Swellengrebel 1969; West 2009). A detailed analy-
sis of the factors (e.g., age, gender, and level of
education) affecting differences in the traditional

knowledge of plant use within the surveyed villages
is provided in Sujarwo et al. (2014).

The plant specimens were collected in the form
of herbarium specimens following Bridson and
Forman (1992). The herbarium specimens were
stored and identified in the Herbarium Hortus
Botanicus Baliense (THBB) in the Bali Botanic
Garden. The scientific names of plant species were

verified using online sources (e.g., The Plantlist
2017), and floristic regions were obtained and ap-

plied to the present study (Takhtajan 1986).
Data provided by informants on the uses of plants

as building materials were classified into four catego-
ries: (1) houses, (2) religious uses (Balinese Hindu
temples or other religious shrines), (3) stables, and
(4) bams (Cook 1995). Some plant species fell under

more than one category. On the basis of our discus-
sions with local inhabitants and after a review of

available literature using scientific databases (such as
ScienceDirect, and Google Scholar), we were able to

gain a better understanding of species diversity

within the areas under investigation and the sustain-

ability of using plant-based building materials.

Data Analysis

The Use Value Index, which was first proposed

by Prance et al. (1987), was employed in this pres-
ent study in order to indicate "good species," i.e.,
the relative importance of a species to the local
people and the frequency of its use. This index has
been used widely in ethnobotany to indicate the

most important species from the point of view of a

given population (Galeano 2000; Torre-Cuadros
and Islebe 2003). Species with a use value clos-
est to 1.0 are considered a good species and
widely used by the community, whereas a low
use value species has a use value closer to zero
and, generally, has a limited number of uses or
is only used in certain areas.

The index itself is presented in a mathematical

formula following Albuquerque et al. (2006), Phil-

lips and Gentry (1993), and Tardío and Pardo-de-
Santayana (2008) as follows:

uv = XUi /N

Ui stands for the number of uses mentioned by

each informant for a given species and N for the
total number of informants.

In ethnobotanical research, the degree of practical

knowledge of plant resources is usually defined as
the number of species and plant uses mentioned at
the time of the interview (Caneva et al. 2013;
Hoffman and Gallaher 2007; Signorini et al.
2009). We used Shannon-Wiener, Margalef, and
Pielou equitability indices. These indices can be
applied to various subjects and are widely used in
community ecology to quantify how individuals are

distributed among species (Magurran 1988, 2003)
and have previously been used in ethnobotanical
research (Begossi 1996; Reyes-García et al. 2007;
Sujarwo et al. 2014). In our context, these indices
express how uses are distributed among species by
capturing different aspects of knowledge diversity.

Standard statistical methods were assigned to

calculate data, using statistical programs available

in MS Office Excel. The Margalef index (Z)Mg)
was applied to estimate species richness (Magurran
1988, 2003) in each village.

n -[s~x)
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228 ECONOMIC BOTANY [VOL 7 1
where S stands for the number of taxa and n for the
total number of individuals.

The Shannon-Wiener index (//) was used to
calculate species diversity (Magurran 1988, 2003).

H = -Z-/nP) 77. ' 77. /77. ' 77. /

where n¡ stands for the number of taxon / and n for
the total number of individuals.

The Pielou index (/) was used to calculate species
evenness (Magurran 1988, 2003).

J = H I InS

where H stands for Shannon- Wiener index and S

for the number of taxa.

Sorensen's index of similarity in percentage (5s)
was used to compare species similarity between the
13 traditional villages (Miiller-Dombois and
Ellenberg 1974).

2 X number of common species

& =

Sa stands for number of taxa in village A and Sb
for number of taxa in village B.

A cluster analysis on a presence/absence matrix of

species was activated in order to assess the similarity

in biodiversity between villages. This analysis is

essentially based on the Bray-Curtis similarity algo-
rithm (Bray and Curtis 1937) and implemented by

grouping the objects (villages) belonging to a given
set (amount of villages) to define subsets (clusters in

the final output of the analysis) that are as homoge-
neous as possible. All statistical analyses were carried
out using PAST package ver. 1 .94b.

Results and Discussion

Plants Used for Building Materials and
THEIR FlORISTIC REGION

The results of this present study indicated that 78
species of plants from 63 genera and 34 families

were regarded as being useful as building materials.
Three families were considered particularly impor-
tant sources of building materials by the local in-

habitants; Poaceae (8 species), Meliaceae (7 species),

and Malvaceae (3 species). The plant part used most
often was the stem (88%), and the main use cate-

gories reported for building materials were houses
(58%) where a total of 63 plant species were used in
the construction of houses and their roofs, of which

eight belong to the grass family (Poaceae), such as

bamboos and Imperata cylindrica (L.) Raeusch.
Other use categories were religious uses (Balinese

Hindu temples; 35% or 37 species), stables (5% or
6 species), and barns (2% or 2 species) (Table 1).

Thirty-eight percent of recorded plant spe-
cies appeared in more than one use category,
such as the stem of "aren" or "sugar palm"
(. Arenga pinnata (Wurmb) Merr.) (Fig. 2), which

was used for various purposes like religious build-

ings (Balinese Hindu temple), houses, and stables

(cowshed). As a building material, the stem of
A. pinnata is renowned for its strength and durabil-

ity (Dransfield et al. 2008; Keim et al. 2012;
Killmann et al. 1989; Mogea 1991; Mogea et al.
1991; Uhi and Dransfield 1987). It is recorded as

being one of the most important building materials
in Austronesian traditional houses (Fox 2006).

Other plant material used in temple roofs were

leaves from Cocos nucífera L. and I. cylindrica. How-
ever, the informants preferred fibers harvested from

A. pinnata as the former plant's fibers were regarded
as more durable than those of I. cylindrica. This was
apparently due to the physical nature of the fibers,

which are hard, durable, and water-resistant as pre-
viously discussed. A rope made from the black fibers
of sugar palm was also used in the construction of

traditional buildings. Temporary structures (such as
cowsheds, pigpens, and barns) were often built
using nearby plant species, as long as they were

abundant, easy to use, and not regarded as a sacred
plant by local inhabitants. The main criterion in

choosing a particular plant species as the source of
residential building material was the local availabil-

ity of the species. In many cases, although building
sizes had become greatly reduced, the demand for

plant-based building materials was, surprisingly, in-
creasing (Badan Pusat Statistik 2017).

Nowadays most Balinese have replaced black
fibers from A. pinnata (i.e., "ijuk") with metallic

coated sheet steel, and walls originally made using
plant-based materials are now made with bricks.

This is positive in terms of the solidity of the wall;
however, the replacement of ijukwith metal sheets
can be seen as unfortunate, since a continuous use

of ijuk would mean sustainable cultivation of
A. pinnata , because the ijukcan be harvested
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Fig. 2. Arenga pianata.

throughout the year when the plant has reached
maturity and will not kill the plant (Keim et al.
2012). In other words, this form of replacement

was regarded as unfavorable for the conservation of
A. pinnata.

Forty-six percent of plants identified are native to
the Flora Malesiana floristic region, 20% to the
Indian floristic region, and 17% to the Indochinese
floristic region. This considerable diversity in plant
species is in accordance with and influences the
cultures within the Flora Malesiana region, includ-

ing that of the Balinese. The present study recorded
only 14 species that are not native to the Flora
Malesiana region (Table 1). The first reports of
the introduction into Indonesia of plants native to

the Indian region appear in the 8th century. This
coincides with the introduction of Indian religious
and cultural influences during the same period
(Soemarwoto 1987). The presence in Indonesia of
plants native to Central and South America, which
were introduced by the Dutch, is first recorded in
the 16th century (Simmonds 1976).

In terms of A. pinnata , the species is also
harvested and used by southern Indians, but it has

long been suggested that the practices has been
introduced by the Austronesians, who traveled
there. There is a long history of trade between
Malay Archipelago and southern India. The
diversity of usages of A. pinnata in India is far less
than in Austronesia. Rheede tot Drakenstein (1686)

reported this in his Hortus Malabaricus , where the
information regarding the usage of A. pinnata in
Malabar, India was reported. Compare to the usage
of the species by the Moluccans in Rumphius'
Herbarium Amboinense (Rumphius 1741), the us-

age of the species in India is far less diverse. There is
also a possibility that A. pinnata was introduced by
Austronesians in ancient times from the Malay
Archipelago to India. This is supported by the fact
that there has been no report of wild A. pinnata in
India.

Use Value, Specie s Diversity, Richness, and
Pattern of Similarity

The top five species with a high use value were
Magnolia champaca (L.) Baili, A. pinnata, , Artocarpus
heterophyllus Lam., C nucífera, and Melia azedarach
L. Twelve species were regarded as having a medi-
um use value, and the remaining 61 species having a
low use value (Table 1). In this study, three species

were identified as having a use value of nearly one.
Such multi-purpose "good"species are intensively
harvested by local people, which may lead to a
decrease in species abundance and could even drive
them to extinction. In other words, plant species

might be put at risk by excessive or unsustainable
harvesting practices. M. champaca , for example
(Fig. 3), was highly targeted, leading it to suffer a
decrease in abundance. It is now rare in Bali.

In addition to use value, our discussions with local

people showed that three species, A. heterophyllus ,
Dysoxylum parasiticum (Osbeck) Kosterm., and
M. champaca possess particularly high cultural sig-
nificance. These three species are considered sacred
by the Balinese, and are, therefore, well protected in
numerous Balinese Hindu temples. M. champaca
was regarded as an immensely important species by
the interviewees, and within the Balinese Hindu

faith, it is one of the principal flowers used in
traditional offerings (Belo 1953; Brinkgreve and
Stuart-Fox 1992; Hooykaas-van Leeuwen
Boomkamp 1960; Hooykaas 1977; Stuart-Fox
1974), meaning that, although M. champaca is
rarely seen, it does at least survive in temple lawns.

The results of this study showed that the villages
of Jatiluwih and Penglipuran had the highest
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Fig. 3. Magnolia champaca.

number of species and of usage diversity. The vil-

lages of Sepang, Sidetapa, and Songan, on the other
hand, were lowest in number of species (Table 1).

The high number of plant species used in the
villages of Penglipuran and Jatiluwih (25 species
each) was due to the fact that a significant number
of individuals made use of some cultivated plants

such as bamboo ( Gigantochloa apus (Schult.) Kurz),

coconut (C. nucífera ), jackfruit (Aē heterophyllus ),
and white cedar (M. azedarach). This finding sug-

gests that the plant species harvested for building
materials by the Balinese were basically the same in
certain villages, meaning that traditional knowledge
regarding both the list of species and their use as
building materials is shared by many Balinese vil-
lagers. However, such knowledge could not be ap-
plied to the entire island, since it depends on species
availability and on the level of preservation of
knowledge in villages.

The mean Margalef Index, which provided an
understanding of species richness in the villages
included in this study, varied from 2.53 to 5.37
(Table 2). The highest was recorded in Jatiluwih
village and the lowest was in Sepang village. The

figures in the mean Margalef Index represent an
average of the total number of recorded species.
Figures according to the Shannon-Wiener Plant
Diversity Index varied from 2.24 to 3.19
(Table 2). The highest again was recorded in
Jatiluwih village. The lowest was recorded in
Cempaga village. The figures represent high mean
plant diversity (Magurran 1988, 2003). The Pielou
Index of species evenness showed similar values in

all villages (Table 2). This result could be
interpreted as indicating that traditional knowledge

Table 2. Species richness, diversity, and equitability indices of plant species used for building materials in
TRADITIONAL VILLAGES OF BALI INDONESIA.

Traditional villages Number of species Margalef Shannon- Wiener index Pielou index
Index

Bangji regencyBayungGede 13 3.32 2.51 0.98Penglipuran 25 5.12 3.17 0.98Songan 10 2.57 2.29 1.00Trunyan 23 5.05 3.10 0.99
Buleleng regencyCempaga 12 3.07 2.24 0.90Pedawa 12 3.34 2.44 0.98Sembiran 1 1 2.73 2.36 0.98Sepang 10 2.53 2.26 0.98Sidetapa 10 2.76 2.26 0.98Tigawasa 17 4.16 2.81 0.99
Karangasem regencyTenganan 16 3.63 2.72 0.98

Tabanan regencyJatiluwih 25 5.37 3.19 0.99Wongaya Gede
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of some plant species exists in all villages (i.e., high
equability) despite the fact that the Sorensen Index

gave a wide variety of results. This means that there
was a high degree of variation between different
villages. The highest species similarity was observed

between the villages of Cempaga and Sidatapa
(73%). The lowest similarity was observed between

Pedawa and Tenganan villages (7%) (Table 3).
As for the cluster analysis to assess the similarity

in biodiversity between villages, villages could be
grouped into two different subsets: the villages of
Bayung Gede (Bg), Cempaga (Cm), Sembiran
(Sm), Sepang (Sp), Sidatapa (Sd), Tenganan (Tg),
Tigawasa (Tw), and Trunyan (Tr) (subset 1) and
the villages ofjatiluwih (Jt), Penglipuran (Pg), and

Wongaya Cede (Wg) (subset 2). The exception was
the village of Pedawa (Pd) which could not be
placed in any group (Fig. 4). These findings indi-
cated that local knowledge on some plant-based
building materials only exists in certain villages.
For example, the knowledge of using Breonia
chinensis (Lam.) Capuron, Streblus asper Lour.,
and Vitex trifolia L. as building materials can be
only found in Pedawa village.

THE SUSTAINABILITY OF PLANTS AS BUILDING
Materials

Several species were identified by the inter-
viewees as increasingly rare in Bali. One such species
was the highly prized "cendana"or sandalwood
( Santalum album L.). Present across a wide area
from India to the Flora Malesiana region, including
Bali, it used to be quite abundant in Bali, especially

in hinterland areas (including the village of
Trunyan, for example), at least until the mid-20th
century (Rensch 1930). But since then, the situa-

tion has changed dramatically (Sujarwo 201 3). Fur-
ther analysis carried out during this study also sup-
ports the rarity of 5. album> which is now excep-
tionally uncommon in Bali even in a cultivated
state. Since at least the 1990s, various species have
been introduced to replace S. album , and at the

same time, efforts have been made to protect the
species in its natural habitat. S. album has long been
an integral part of Balinese culture, and in some
ways it has itself become "Balinese." This is some-

thing that no other introduced species can replace

and is therefore an important reason to encourage
conservation of the species.

One of the most common issues encountered by
ethnobotanists is the negative association between
use value and conservation, where the species with
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Fig. 4. Cluster analysis based on the Bray-Curtis method with villages as measurement of similarity.

the highest use value will suffer the greatest harvest-
ing pressure (see Albuquerque et al. 2006; Kalle and
Sõukand (2016); Quave and Saitta (2016)). With
regard to this issue, the people of Bali have resorted

to either using new species of plants or using non-
plant resources. Because these new resources are

unproven, they may not be as good as the original
plant for their intended use (Abdurrahim et al.
2004; Krisdianto et al. 2013; Martawijaya et al.
1981, 1989).

Despite the availability of such alternative spe-

cies, the Balinese today admit that buildings are
made differently now than they were in the time

of their predecessors. In fact, the majority of mod-
ern Balinese admit that they no longer know exactly
how to build traditional buildings like those of their
ancestors.

Conclusions

The use of indigenous plant species is reflected in
the high level of botanical knowledge possessed by
the Balinese. However, culture is as dynamic as the

environment, and changes are inevitable. Conse-
quently, being a patently plant-based culture, most
of Bali's traditional knowledge will certainly be lost
unless it is recorded. In order to prevent the degra-
dation of plant resources in Bali, especially with
regard to the sustainable existence of the indigenous

aga communities, it is essential to achieve a balance
between the exploitation of resources and conserva-

tion. Also, it is essential to preserve and conserve
traditional Balinese architecture. It is fundamental

to make this a priority in local education from
elementary to high school and beyond before it is
too late. The presence of many kinds of Balinese

buildings and information on the plant-based ma-
terials used to build them, in Bali Botanic Garden

appears to be a good step towards the conservation

of both plants and buildings, and ultimately, of
Balinese culture.
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