
























































































































































































































































































































































































































































lekahan (Ascaris spp.) that cause various types of
stomachache (sakit bate'!) to invisible worm-like agents of
skin, mouth, and gum infections. This association was
reported previously by Conley (1973). Kenyah consultants
associated insects not only with their bites and stings, an
important irritant during forest clearing, but also with
dermatological symptoms of complex systemic ailments such as
measles (ambun) and childhood poxes {pelian). The painful
swelling caused by urticacious hairs of caterpillars
encountered in rice fields and the swollen joints of
rheumatism and arthritis were given the same local name,
tinen bulu.

Some remedies reflect an understanding of special
nutritional circumstances, such as the use of tonics during
gestation and postpartum. Prevention and control of goiter
{gondok) and cretinism appear to have been associated with
access to sea salt before contact with Buropeans; sea salt
was and remains among the most desirable articles of trade
in the Apo Kayan, and there are numerous references to its
value in early sources (Elshout 1923; Nieuwenhuis 1929;
Tillema 1938). Some dietary prohibitions, such as
restricted consumption of barking deer (kijang, Muntiacus
muntjac) by aristocrats appear to have greater symbolic than
dietary value. Other prohibitions may be related to
undesireable physiological effects, such as the association
of certain foods, condiments, and medicines with
miscarriage.

Abortifacients and remedies to prevent pregnancy are notably
lacking in the Kenyah pharmacopoeia. The great value of
parenthood in Kenyah society combined with a relatively low
birthrate (Tillema 1938; Mackie 1986) and high child
mortality suggest that there is little need for such
interventions.
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Poisons (tuba)

Kenyah consultants reported 26 uses of plants as poisons and
repellants {tuba)} (Table 3.3, part III; App. 3.3). Plants
used as both medicines and poisons may be more biclogically
active than are plants used only as medicine or poiéon
(Spjut and Perdue 1976). Piscicides are used throughout the
world as an efficient means of obtaining food (Acevedo-
Rodriguez 1990). The practice of poisoning or stupefying
fish in small streams by beating in the sap of plants
(especially of Derris elliptica, Fabaceae) was common among
inland Borneo peoples (King 1993}, although it has now been
banned in most areas to protect fisheries and communities
downstream.

3.3.3. Healers, herbalists, and local knowledge

In the Kenyah villages surveyed, two groups of individuals
were identified as having extraordinary knowledge about the
healing qualities of local plants and animals. Of the 32
individuals interviewed in this survey, three were
considered by their peers to be ritual healers {dayung)
(Ta)le 3.4). Tﬁo were male and one was female, all
apparently members of the highest social class in Kenyah
society (paran), and between 70 and 80 years old in 1988S.
These individuals had apprenticed with other Kenyah healers,
but had no apprentices themselves. During the present
survey, the most commonly used Kenyah term for ritual healer
was dayung, also used by Whittier (1973) and Conley (1973)
in their descriptions of Kenyah customary kealing practices.
The Malay term dukun was sometimes substituted, while the
texm belian, commonly used by the nomadic‘Punan and other
inland ethniec groups (Sellato 1984), was used rarely by the
Kenyah.
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Table 3.4. Demographic profile of Kenyah healers and herbalists in three Apo Kayan villages

Age class Long Sungai Lidung Long All
Status {years} Gender Barang Payau Ampung villages
Dayung (healer) 70+ male 1 1 0 2
female 0 1 0 1
Herbalist
Pe (elder) 40+ male 6 3 2 11
female 7 2 2 (b
Taman (father) 20-40 male 4 0 ] 4
Tinen (mother) 20-40 female 1 1 o 2
Unmarried <20 male 1 0 o 1
fernale 0 0 0 0
All healers/herbalists 20 8 4 32
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The principal source of information in this survey, however,
was not ritual healers but 29 individuals known within their
communities for their more general knowledge of common
ailments and remedies. These individuals were given no
special title. Most had obtained their knowledge from a
parent or grandparent, who were said to have had much
broader knowledge of remedies than was now recalled. Most
of these herbalists were addressed by the gerontonym "Pe-",
a prefix indicating advanced age and status within the
family as elders (Whittier 1981). Several of the males were
members of the inner circle of village elders (likely paran
and heads of households) or were the wives of such
individuals, while others had no other obvious status within
the community.

The concentration of specialized medical knowledge in
village elders has been documented elsewhere, for example,
by Phillips and Gentry (1993b) among the non-indigenous
mestizo people of Tambopata, Amazonian Peru. The 20
individuals identified as ritual healers and herbalists in
Long Sungai Barang represent approximately 6% of the village
population (343 in 1989). This is a small group of
specialists compared with 26% of the Kayapo' who specialize
in medicinal curing in the South American village Gorotire
(Posey 1992).

Gender and knowledge

Differences in knowledge between male and female healers and
herbalists are of interest since many ethnobotanical
researchers have better access to one or the other for
cultural reasons. Gender bias in research is thus difficult
to avoid. 1In this study, healers and herbalists interviewed
happened to be represented by approximately even numbers of
men {(18) and women (14), but more time was spent with women,
who were more available for informal discussions.
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A majority of remedies (54%) were known to both genders
(Table 3.5). A larger proportion of remedies reported (36%)
were known to females only than to males only (10%)}. The
mean remedy impcrtance value (mean IVremedy) is
significantly greater for those remedies known to both
genders, however, than for those known only to a single
gender of healer/herbalist. Had the present survey been
focused on a gingle gender of healer, or on a smaller number
of individuals, the most widely known remedies likely would

have been reported, but 10-36% of the remedies may have been
omitted.

Distribution and transfer of knowledge

The most important remedies (IVyemedy = 4) account for
approximately 14% of all remedies used by the Kenyah (Fig.
3.1). The majority of remedies ({60%) were described only
once during the survey {IVremedy =-1). Relatively few
remedies (7%) were described more than twice but in only one
village (IVremedy = 3). Knowledge of remedies therefore
appears to be somewhat bimodal: that which is held by
individuals, based on individual experience and expertise,
and remains essentially private; and that which is widely
known in the region to individuals interested in healing.

Individuals appear to be sampling and testing materials from
the local environment in search of effective treatments.

The process of experimentation and discovery was described
or demonstrated numerous times during the survey. Two
.examples are given here.

A remedy for intestinal worms (lekahan) was described by a
herbalist in Lidung Payau in the presence of two herbalists
from Long Sungai Barang, who were assisting with field
collections for the present survey. This remedy involved
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Table 3.5. Distribution of knowledge of medicinal species between male and female
healers and herbalists

Number of % of Mean
Gender species all species WVeneciess + S.E
Female 75 36 2.3 + 0.2
Male 20 _ 10 1.8 =+ 0.2
Male and female 114 54 50 =+ 03
Total 209 100

" Species importance value (IVapeces) €8N be greater than 4 since it is calculated
as the sum of remedy importance values (1Vrameay) fOF @ach species.
® Standard emor of the mean.
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Figure 3.1. Frequency distribution of importance value in Kenyah
remedies. Vopey=1: remedy reported once; [V yp.,=2: remedy reported
twice; Vryneay=3: remedy reported at least three times in one community;
Veumedy=4: remedy reported at feast three times and in more than one
community.
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ingesting grated unripe pineapple fruit, kayu ujan (Ananas
comosus, Bromeliaceae), with honey. It was administered
particularly to children, who resist the bitterness of other
treatments. Pineapple is cultivated throughout the Apo
Fayan and is eaten extremely ripe. This remedy was new to
the Long Sungai Barang herbalists, who tested it on an
ailing child upon arriving home. After several days of
treatment, they decided it was ineffective and switched to
another remedy.

In another instance, reported to have occurred in 1983, a
young man from Long Sungai Barang was cutting planks for the
walls of his house (lamin) from puto’ babui (Palaquium
calophyllum, Sapotaceae), a common, latex-producing primary
forest tree favoured for building because it is easy to work
but durable. Bark shaved from the wood fell into a forest
stream, where children noticed stupefied fish rising to the
surface downstream. This "new"” poison has been tried by at
least one other individual (IVremedy = 2)., but both reported
a preference for other piscicides that are considered more
effective (App. 3.3).

3.4, Conclusions

The cobservations reported in this chapter provide evidence
that Kenyah knowledge and use of the Apo Kayan flora and
fauna in a system of medicine is extensive and dynamic. The
large number of Kenyah remedies reported in this survey
confirms a more extensive knowledge and application of local
flora and fauna as medicines than has been documented
previously. Anecdotal evidence of selection and elimination
of remedies suggests that the Kenyah pharmacopoeia has been
developed, and continues to develop, through empirical

. processes of discovery and experimentation. The biological

132



basis for Kenyah selection of medicinal remedies from the
surrounding flora and fauna is examined in Chapter 5.

Large numbers of remedies for gastrointestinal,
dermatological, and fever-inducing ailments indicate the
relative significance of various risks to health in the Apo
Kayan.

A quantitative tool (the remedy importance value index,
IVremedy) . developed for and appliéd to this survey, was
used to identify locally important remedies based on
consensus among Kenyah healers and herbalists. It is
proposed that important remedies are most likely to be
effective as treatments of the indications described. While
it is not feasible to test this hypothesis for all remedies,
particularly in the case of culturally defined ailments, it
is possible to examine the relationship between IVremegy and
potential efficacy for particular ailments where suitable
models and procedures exist. Such an examination of Kenyah
remedies for malaria is presented in Chapter 4.

Medicinal knowledge in the Kenyah communities surveyed is
distributed beyond the ritual healexs (dayung), and includes
the knowledge of non-specialist herbalists, many of whom are
women. Important remedies are known equally to both

genders. Most ritual healers and non-specialist herbalists
are elders.

The Kenyah system of medicine distinguishes between two main
types of causative agents. A relatively small but important
group of remedies used in ritual treatments continues to

- reflect strong cultural themes concerning the influence of
spirits on human health and well-being. A much larger group
c.! remedies reflects an association of health with natural
events or agents that coincides in many instances with a
more universal understanding of health and illness.
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The elaborate system of symbols, rituals, and restrictions
that once provided the overriding context for Kenyah
medicine is rapidly disappearing. Healing rituals are
integral to the Kenyah world view and customary practices,
and change in these beliefs and practices has resulted in
general discouragement of the use of practical remedies.
Concentration of knowledge of healing and remedies among
village elders suggests a break in the tradition of
apprenticeship. While the Kenyah are likely meeting many of
their health needs effectively with traditional remedies,
lack of effective local treatments for serious local
ailments and recently introduced diseases reflects a need
for and interest in combining modern treatments with local
remedies to provide a more effective system of health care.



CHAPTER 4
KENYAH MALARIA REMEDIES:
A QUANTITATIVE ASSESSMENT OF LOCAL CONSENSUS
AS AN INDICATOR OF BIOLOGICAL EFFICACY

4.1. Introduction

Early accounts of disease and healing among the Malay and
other peoples of Southeast Asia suggest the antiquity of the
association of periodic fever with splenomegaly and
mosquitoes. In 1900, Skeat recorded a popular Malay
creation myth in which a demon transforms himself into a
band of mosquitoes to cause sickness ({(Skeat 1900). He
reported that Malay healers commonly attribute to mosquito
bites the onset of a disease called demam kura, or fever of
the spleen, the symptoms of which include periodic fevers
and enlargement of the liver and spleen. In the Fifth
Century AD, the Indian physician Susruta associated periodic
fevers with mosquito bites (Wells, Huxley, and Wells 1931).
Susruta's observation predated by more than a millennium the
association of malaria with mosquitoes by European
scientists. Until 1900, most Europeans associated the
digease mal'aria with foul air from swamps.

According to surveys conducted by the World Health
Organization (WHO), malaria causes more sickness and death
in the world than any other parasitic infection, especially
in tropical developing countries (WHO 1986; Strickland
1991). Financial and logistical limitations of
pharmaceutical control of the parasite and pesticidal
control of the mosquito vectors have encouraged increasing
'genetic resistance in parasites, especially in Plasmodium
falciparum and vectors. Plasmodium falciparum, the agent of
cerebral malaria, causes more severe and fatal cases of
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malaria and affects larger numbers of people than any other
species of Plasmodium.

The incidence of P. falciparum infection is increasing in
Southeast Asia (WHO 1992), and there is indirect evidence
that the incidence of malaria is increasing in the Apo
Kayan. A relatively low level of chronic malaria and few
acute cases were observed in the Apo Kayan villages between
1896 and 1901 by the visiting Dutch physician Nieuwenhuis
(1929), who attributed the low level of infection to the
high altitude and natural immunity among the local
residents. In the 1930s, the resident physician De Rooy
considered malaria among the most prevalent ailments of the
Apo Kayan population (Tillema 1938). In a WHO-supported
malaria eradication programme in Sarawak in the 1950s,
Colbourne, Huehne, and Lachance (1959) observed a higher
rate of malaria infection in the interior highlands adjacent
to the border with Kalimantan than in the lowland and
coastal areas. During the survey conducted in 1989, the
resident physician in Long Nawang considered malaria the
most serious infection in the Apo Kayan villages, causing
many cases of chronic illness and several deaths each year.
Antimalarial drugs are not generally available in the Apo
Kayan; thus the disease and its symptoms are treated almost
exclusively with local remedies.

Resistance of P. falciparum and P. vivax to antimalarial
drugs has been reported in Southeast Asia as in other
regions of the world (WHO 1992). The search for novel
compounds effective against Plasmodium strains resistant to
widely used synthetic drugs has led to increased interest in
new and existing information about malaria remedies from
natural sources (Phillipson and Wright 1991; Angerhofer et
al. 1992). Simultaneously, and as importantly, the need for
accessible, inexpensive, and culturally relevant health care
in much of the world is beginning to direct pharmacological
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research toward the safe and effective use of traditional
remedies (WHO 1986; De Smet 1991).

The gradual shift from nomadic to sedentary communities,
increasing populations, and deforestation have been shown to
contribute to an increase in the incidence of malaria (Anon.
1978; Hong 1987). Social and environmental change, combined
with the resurgence of malaria in the region, suggest that
effective treatments for malaria will only increase in their
importance to the health of the Apo Kayan Kenyah.

4.2. Materials and Methods

Kenyah malaria remedies were identified as part of the
broader survey of Kenyah remedies (Chapter 3), in which 32
healers and herbalists were interviewed in three Kenyah
villages (Long Sungai Barang, Lidung Payau, and Long Ampung)
in the Apo Kayan (Fig. 2.1).

Taxonomic identities were verified by staff at the Herbarium
Bogoriense, Bogor, Indonesia; the Arnold Arboretum of
Harvard University, Cambridge, USA; and the Royal Botanic
Garden, Edinburgh, UK (see Chapter 3). Vouchers were
deposited at the Herbarium Bogoriense {Bogor, Indonesia),
the University of Ottawa (Ottawa, Canada), and the Arnold
Arboretum of Harvard University (Cambridge, USA).

The remedy importance value (IVremedy) index was developed
for the present study to quantify the degree of confirmation
among consultants within and between the communities
surveyed (Chapter 3, Table 3.1). The importance value for
malaria (IVyyj) = 1 for remedies reported once during the
survey; IVya) = 2 for remedies reported twice in one
community; IVyzy = 3 for remedies reported at least three
times in one community; and IVyy;) = 4 for remedies reported
at least three times and in more than one community. This
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method thus creates the categorical variable (IVpygyj) which
is simple to assess in the field, allows flexibility in
survey situations, and enables quantitative evaluation of
data obtained from groups.

Antiplasmodial activity of species.used by the Kenyah
specifically to treat malaria was compared with the
antiplasmodial activity of a variety of species used to
treat other ailments or as piscicides. Selection of species
for antiplasmodial activity testing was biased in favour of
those for which significant biological activity was
demonstrated in field trials against brine shrimp (Artemia
salina Leach) and for which collection of bulk samples did
not threaten local populations (see Chapter 5). Methods for
the field trials were acdapted from Meyer et al. {(1982), and
preliminary results were reported by Leaman, Yusuf, and
Sangat-Roemantyo (1991).

Bulk tissue samples for extraction were collected in
September 1992 in the Apo Kayan by H. Soedjito {Indonesian
Institute of Sciences - LIPY); a few common species were
collected in bulk at Bogor in May 1992 by J.T. Arnason and
R. Yusuf. Tissue samples were collected in volumes of 1-2
litres and preserved on site in agqueous ethanol. Voucher
data for these species are recorded in Table 4.1 (malaria
remedies) and Appendix 4.1 (non-malaria remedies) .

Samples were macerated in a-~mueous ethanol, allowed to stand
at least 24 hours, and exhaustively extracted in additional
aqueous ethanol. The filtrates were evaporated underxr
reduced pressure and freeze-dried.

Selective antiplasmodial activity was evaluated in a tandem
SCcreen combining an antimalaria assay with an in vitro
Cytotoxicity assay following protocols described in detail
by Angerhofer et al, (1992). Crude extracts were screened
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at 10 and 20 pg ml™* for in vitro activity against P.
falciparum cultured in human erythrocytes (Trager and Jensen
1976). This test employs the differential incorporation by
P. falciparum of the radiolabelled nucleic acid precursor
[3H] hypoxanthine to detect inhibition of the growth of
plasmodia by test substances (Desjardins et al. 1979;
O'Neill et al. 1985; Angerhofer et al. 1992). The two
concentrations selected represent the range within which
selective antiplasmodial (non-cytotoxic) activity generally
can be detected in crude plant extracts. Incorporation of
[3H) hypoxanthine was compared between test extracts and
zero-drug controls to determine percent inhibition of P.
falciparum. Approximate ICgg values (the concentration of
test substance that inbibits [3H]hypoxanthine incorporation
by 50%) were determined for the more active crude extract
samples from serial dilutions in subsequent tests and
compared with antimalarial compounds.

Samples were screened concurrently at 20 ug mL"t for general
cytotoxicity against human epidermoid carcinoma (KB) cells
(Skehan et al. 1990; Angerhofer et al. 1992). Cell growth
in the presence of test extracts was compared with zero-day
controls to determine percent of cells surviving the
treatment. ApproXimate ICgg values were determined for the
more active samples in subsequent tests.

4.3. Results and Discussion
4.3.1. Kenyah malaria remedies

In a comprehensive survey of Renyah traditional medicines,
consultants described 438 remedies derived from 199 species
. of plants and S animals; 17 of these remedies are, or were
in the past, used by the Kenyah to treat malaria (Table
4.1). These remedies are drawn from diverse taxonomic
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groups, comprising 14 families and 11 orders of flowering
plants.

Other ethnobotanical surveys of Borneo peoples described
treatments for various types of fever not directly
associated with malaria (Chai 1978; Chai, Lee, and Ismawi
1589), but none described remedies specific for malaria.
Malaria is not always distinguished from other causes of
fever (Johns, Kokwaro, and Kimanani 1990; Etkin and Ross
1991), but in some systems of ethnomedicine, malaria, its
symptoms, and treatments are identified meticulously
(Branddo et al. 1992; Rasoanaivo et al. 1992).

The Kenyah recognize two distinct symptoms of malaria:
spleen fever (mayung kora or demam kora) and epleen
enlargement, or splenomegaly (kora-kora). Spleen fever was
distinguished by its periodicity from other types of fever,
for example, those associated with childhood pox diseases
and gastrointestinal ailments. Kenyah consultants described
11 remedies to treat spleen fever and 6 remedies to treat
splenomegaly. All of the remedies for kora-kora were
reported to be administered externally as heated poultices,
primarily of leaves. Most of the remedies for demam kora
are taken internally as decoctions or infusions prepared
from a variety of plant parts.

The remedies most important to the Kenyah (IVpal = 4) are
the bark of Lansium domesticum (Meliaceae) and a natural oil
extracted from an as yet unidentified species (Leaman 89-X).
These remedies were kaown to most consultants in all three
villages surveyed, but are little known beyond the Apo
Kayan. They are among a small group of remedies prepared
from stored materials, and sometimes traded in lieu of cash. .
. L. domesticum, a tree native to the Indo-Malayan region, is
widely cultivated for its edible fruit, the langsat. Use of
the bark and seeds in North Borneo (now Sabah) to treat
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malaria and fever was recorded by Burkill (1966). Chai,
Lee, and Ismawi (1989) reported use of langsat leaves by the
Ian in Sarawak to treat fever (Table 4.1, note a).

Several of the less important malaria remedies in Table 4.1
are widely known and used to treat malaria and related
ailments. Alstonia scholaris (Apocynaceae) stem and root
bark has been used since ancient times throughout Southeast
Asia and Indo-China, where the tree is native, as a
treatment for fever, malaria, and splenomegaly (Burkill
1966; Holdsworth 1975; Perry and Metzger 1980; Deka,
Majumdar, and Dutta 1983; Pushpancadan and Atal 1984; Mahyar
et al. 1991), and was reported as a remedy for malaria in
Africa, where the species is cultivated (Adesina 1982).
Annona muricata (Annonaceae) and cérica papaya (Caricaceae)
are New World species cultivated in Southeast Asia for their
fruit, the soursop and the papaya, respectively. Both are
used in traditional remedies principally to treat
gastrointestinal ailments {(Perry and Metzger 1980; Burkill
and Haniff 1930; Heyne 1927; Steenis-Kruseman 1953).

Annona muricata leaves are used in the Caribbean and in
Africa to treat malaria and fever (Asprey and Thornton 1955;
Adesina 1982; Gbeassor et al. 1990), but this remedy has not
been reported previously for Southeast Asia. Carica papaya
is widely used in Asia and the Americas to treat fevers,
splenomegaly, and other liver disorders (Oakes and Morris
1958; Burkill 1966; Amico 1977; Perry and Metzger 1980;
Singh, Sharma, and Khare 1980; Adesina 1982; MacFoy and Sama
1983; le Grand 1%89; Branddo et al. 1992). Fagraea racemosa
(Loganiaceae), like L. domesticum, has a more regional
reputation; in the Malay peninsula leaf poultices are
applied to the abdomen to treat malaria and other fevers
(Burkill 1966). Several related species are used in
Malaysia, Java, and Papua New Guinea to treat malaria,
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fever, and splenomegaly (Burkill 1966; Holdsworth and
Sakulas 1986).

The remaining 11 species apparently are not used elsewhere
to treat malaria. Related uses as febrifuges, anti-
inflammatories, and analgesics have been reported for
Eriodendron anfractosum (formerxly Ceiba pentandra,
Bombacaceae), Blumea pubigera (Asteraceae), Homalomena rubra
(Araceae), and Piper arborescens (Piperaceae) (Chai 1978;:
Chai, Lee, and Ismawi 1989). Piper betle leaves are used
throughou. Southeast Asia and Indo-China in a stimulant
masticatory with the betel nut, Areca catechu (Arecaceae)
(Eisen 1946; Burkill 1966; Perry and Metzger 1980).

Numerous members of the genus Chrysanthemum (Asteraceae) are
used to treat fever, pain, inflammation, migraine, and a
variety of liver and blood disorders (Hussey 1974; Perry and
Metzger 1980; Anderson 1986), as are species of Schefflera
(Adam et al. 1982; Kitajama and Tanaka 1989). No previous
reports of ethnomedical use were found for the remaining
species, Hedychium cylindricum (Zingiberaceae), Premma
glandulosa (Verbenaceae), and Pothos ovatifolius (Araceae) .

4.3.2. Antiplasmodial and cytotoxic activity

The results of four screens using chloroquine-sensitive
Plasmodium falciparum clone D6 and chloroquine-resistant
clone W2 at 10 and 20 ug ml'! are presented in Tables 4.2a
and 4.2b. Among the malaria remedy extracts, the two most
important malaria remedies in the Kenyah pharmacopoeia, L.
domesticum and unidentified species Leaman 89-X (IVpay = 4),
effected the greatest reduction in P. falciparum
proliferation at both test concentrations and for both P.
falciparum clones. The antiplasmodial activity of these
extracts was significantly greater than that observed for
~ other extracts, as indicated by a ﬁultiple comparison of
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percent viability (Table 4.2, note c, null hypothesis 2).
For example, at a concentration of 20 pg ml™!, L. domesticum
bark extracts were significantly more active against
chloroquine-resistant clone W2 than 14 other extracts (those
followed by letter ranges that do not overlap with j-n), but
were not significantly more or less active than 13 other
extracts (those followed by letter ranges that do overlap
with j-n).

Weaker antiplasmodial activity was indicated in at least one
of the four tests reported in Table 4.2 for all but two of
the other malaria remedy extracts isignificant reduction of
viability compared with zero-drug controls is indicated in
Table 4.2 by asterisks; note c, null hypothesis 1).

Notably, there was little activity in leaf extracts of the
more widely known, but locally less important malaria
remedies Alstonia scholaris, Carica papaya, and Piper betle.
There was no significant activity in the root bark of A.
scholaris, which is used throughout Southeast and South Asia
as a remedy for fever and malaria (e.g., Burkill 1966). A.
scholaris root bark and leaves contain numerous indole
alkaloids (Boonchuay and Court 1976; Atta-Ur-Rahman et al,
1985; Yamauchi et al. 1990a, 1990b). ERarlier studies have
also failed to find significant activity in bark extracts
and constituents of A. scholaris against P. falciparum
(Wright et al. 1993) or against the murine malaria parasite
P. berghei (Mukerji, Gosh, and Siddons 1942; Ghandi and
Vinayak 1990). Activity against P. falciparum has been
reported for quinoline alkaloids from A. coriacea by Wright
et al. (1993), and in bark extracts of A. boonei (at the
extremely high concentration of 22 mg ml°!, however) by
Tantchou and Sherman (1985). Antiplasmodial activity has

not been reported previously for extracts of Carica papaya
or Piper betle. '
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Although Annona muricata leaf extracts gignificantly reduced
the viability of P. falciparum at 20 ug ml™%, toxicity to
human epidermoid carcinoma (KB) cells was observed at the
same concentration (Table 4.3), indicating toxicity rather
than selective antiplasmodial activity. Antiplasmodial
activity for extracts and constituents of A. muricata leaves
has been reported previously by Gbeassor et al. (1990),
Rupprecht, Hui, and McLaughlin (1990), and Misra et al.
{1991) . The malaria remedy extract Hedychium cylindricum
and the non-malaria remedy extract Dianella nemorosa
(Liliaceae) also showed weak cytotoxicity againét KB cells
(Table 4.3).

At both screen concentrations larger numbers of malaria
remedy and non-malaria remedy extracts were significantly
active against chloroquine-resistant clone W2 than against
clone D6. Further investigation will be required to
determine whether these results indicate greater
susceptibility of clone W2 to antiplasmodial or cytotoxic
effects.

The ICgg values calculated for the more active samples
(Table 4.4) confirm gelective activity against chloroquine-
sensivive P. falciparum clone D6 in the Kenyah malaria
remedies L. domesticum and Leaman 89-X. The Meliaceae and
other families in the order Rutales are known to be rich in
limonoids, a class of extremely bitter, modified terpenes,
for which potent biological activity against insects has
been well documented (Champagne et al. 1992; Arnason et al.
1993). Antiplasmodial activity against P. falciparum has
been reported for the limonoid gedunin (ICgq = 6.8 ug ml~Y),
a tetranortriterpenocid isolated from Melia azedarach (Khalid
et al. 1986; Khalid, Duddeck, and Gonzales-Sierra 1989;
MacKinnon 1995). Dukunolides -- tetranortriterpenoids
similar in structure to gedunin -- have been 1dent1f1ed as
the bitter constituents of Lansium domesticum seeds
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Table 4.3. Cylotoxicity of Kenyah malaria remedy and coritrol extracts determined with
human epidermoid carcinoma (KB) cells in vitro

KB calis

Number of % survival + S.E.>¢
Extract Part samples® 20 ug mi*
i. Malaria remedies
Alstonia scholaris leaves 3 1014 +09 ac
bark 3 976 *25 ac
Annona muricata leaves 3 820 +30 be*
Carica papaya leaves 3 968 +24 a-c
Fagraea racemosa leaves and fruit 8 1018 +17 a-¢
Hedychium cylindricum stalk 9 914 1.7 be™
Lansium domesticum bark 6 109.5 +67 a-c
Lansium domesticum bark 9 1064 *44 a-c
(cf., Aglaia dookoo)
Piper arborescens root 9 945 +37 a-c
Piper betle leaves 6 922 +50 sac
stems "B 1023 #39 a-c
Premna glandulosa leaves 9 1094 +24 ac
Scheffiera sp. leaves ] 1113 +28 ab
Unidentified sp. 88-X natural oil 3 97.7 #*10 a-c
Il. Non-malaria remedies
Ageratum conyzoides leaf,stem 6 1004 +57 ac
Albizia chinensis bark 9 947 +34 ac
Dianella nemourosa whole plant 3 799 *11 ¢~
Diospyros bomeénsis leaves 9 8949 +24 a-c

)

153



Table 4.3. continuad

KB cells
Number of % survival + $.E.°°
Extract Part samples" 20 pg mp’
Etiingera eliafor fruit 9 1148 +22 a
stalk 8 1129 *72 a
Etlingera sp. 1 stalk 9 1032 +36 a-c
Homalomena pendula rhizome 3 103 +48 ac
Leucosyke alba leaves 9 1132 +87 a
bark g 109 +27 a-c
Parkia speciosa bark 3 1063 +54 a-c
Plectranthus scutellaroides leaves 3 925 +2 a-c
Pongamia pinnata stem 3 1065 +51 a-¢

Smilax barbata rhizome 9 107.7 +38 a-<c

8sample numbers greater than 3 indicate twe or more biological replicates.

bsurvival of KB celis was determined by analyzing protein content with a protein-
binding dye. The initial (zero-day) absorbance was subtracted from the test
absorbance (day 3) and this difference was divided by the DMSO-control (day 3)
absorbance minus the initial (zero-day) absorbance to obtain percent growth. Results
are means of at least three replicates for each sam ple. S.E. = standard error of the
mean. Crude extract samples were screened in cultured KB cells at a concentration
of 20 yg mI™ in DMSO.

CHypatheasis tests:

Null hypothesls 4: the mean percent survivat of KB cells is not significantly different
in the presence of differant extracts. Hgq was rejected at P = .05. Mean percent

viability determinations followed by different latters were significantly different from
each other in Tukey's multiple range test.

Null hypothesis 5: mean survival of KB cells in the presence of test extracts is not
significantly lower than zero-drug controls. H, was rejected in a paired t-test at the

following leveis: *= P < 05:**= P < .01, ***= P < .0D1.

Null hypothesis 3: Mean percent survival of KB cells in the presence of test (malaria
remedy) extracts is not significantly lower than in control (non-malaria rem edy)
extracts. H, was acceptedin a two-sample t-test (P = .05).

154



Table 4.4. Approximate ICs; values (in ng rnl") of active Kenyah malaria and

non-malaria remedy extracts and selected compounds tested against Plasmodium
falciparum and KB celis

Plasmodium falciparum KB cells
Clone D3 Clone W2
Extract/Compound Part ICeo" ICse" ICss”

. Malaria remedy extracts

Lansium domesticum
(cf.. Aglaia dookoo)
sample 18 bark >20,000 6310 >20,000
sample 20 bark ‘ 9364 3105 >20,000
sample 63 bark 12853 3650 >20,000
Lansium domesticum
sample 41 bark >20,000 8780 »20,000
sample 42 bark 9890 3352 >20,000
Unidentified sp. oil 5970 >20,000 >20,000
{Leaman 89-X)

ll. Non-malaria remedy extracts

Albizia chinensis bark >20,000 9600 >20,000
Etlingera efiator
sample 43 fruit >20,000 9610 >20,000
sample 47 stalk >20,000 8820 >20,000
sample 48 stalk >20,000 >12,050 >20,000
Etlingera sp. stalk >20,000 15890 »20,000
(Leamnan 89-1)

lil. Compounds

Chioroquine 4.9 90.3 >17,400
Quinine 8.6 295 >20,000
Mefloquine 8.5 0.8 3500
Artemisinin 20 0.5 >20,000

3I1Cgq values, expressed here in ng ml”, were calculated using semi-log plots from the

means of 2 replicates at 6 concentrations (20,000 - 27.5 ng ml™') for samples showing
less than 50% viability of P. falciparum in 10 and 20 1g ml” screens, and less than
50% survival of KB cells at 20 yg mi™. ICgq values for all other samples were

assumed to be higher than the highest screen concentration. Plasmadium falciparum
cione D6 is chloroquine sensitive; clone W2 is chloroquine rasistant.

bKB = human epidermoid carcinoma,
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(Nishizawa et al. 1985a, 1585b, 1988). Rocaglamide, an
insecticidal, antileukemic, and cytotoxic benzofuran, has
been identified as an active constituent in species of the
closely related genus Aglaia used widely in remedies for
fever, heart ailments, and inflammation (XKing et al. 1982;
Duh et al. 1993; Janprasert et al. 1993).

The ICggp values also indicate selective activity against
chloroquine-resistant clone W2 in L. domesticum and non-
malaria remedies Albizia chinensis (Osbeck) Merr. (Fabaceae)
and Etlingera spp. Albizia chinensis was used by the Kenyah
exclusively to poison fish (Appendix 4.1); related species
are used to treat malaria (Kokwaro 1976) and fever
(Mokkhasmit et al. 1271; Adesina 1982; Singh 1986). Bark
extracts of A. anthelmintica were not active against P.
falciparum‘(Weenen et al. 1990). Triterpenes, a class of
campound for which Phillipson and Wright (1991) reported
antiplasmodial activity, have been isolated from the bark of
A. chinensis (Rawa et al. 1989). Numerous triternenoids,
and indole and isoquinoline alkaloids have been isolated
from related species (Nogueira Prista, Alves, and Almeida e
Silva 1962; Smith 1977; Glasby 1991).

The stalk and tart endosperm of Etlingera eliator and the
stalk and young buds of Etlingera sp. are used by the Kenyah
in numerous remedies other than malaria, including treatment
of a mysterious illness described as ya'a tudep (Appendix
4.1). Active constituents of Etlingera, especially, may be
quite different in structure and activity than guinine and
the 4-aminoquinoline derivatives to which clone W2 is
resistant; the Zingiberaceae are rich in volatile oils but
contain few alkaloids or other classes of compound known to
have antimalarial activity (Evans 1989). No published
information about the biological activity or constituents of
Etlingera species was found; Suffness et al. (1988)
reported weak antitumor activity and the absence of
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cytotoxic activity for Nicolaia eliator, a synonym for E.
eliator (Burtt and Smith 1986; Smith 1986).

4.3.3. Remedy importance value and efficacy: hypothesis
tests

A primary focus of the present study is on quantitative
methods as a means of relating human knowledge and patterns
of use to biologically useful properties and activities. A
few studies have examined quantitatively the relationship
between degree of local consensus and efficacy of
traditional remedies. Trotter and Logan (1986), for
example, compared a frequency ranking of all types of
remedies reported by residents of the lower Rio Grande
Valley with their activity against brine shrimp, and found
degree of consensus to be strongly correlated with toxicity.

In the previous section, simple guantitative analyses were
used to identify significant levels of activity in crude
extracts from P. falciparum screen results. Significant
reduction of the viability of P. falciparum was cbserved in
at least one of the four screens for all but two of the
malaria remedy extracts, and for all of the non-malaria
remedy extracts (Table 4.2, note ¢, null hypothesis 2). At
the lower screen concentration, six of the malaria remedy
extracts and seven of the non-malaria remedy extracts
significantly reduced viability of P. falciparum.

These results do not support the hypothesis that extracts
used in traditional remedies for malaria are more likely to
be effective antimalarials than are biologically active
materials used for other purposes. To test this hypothesis
somewhat differently, the overall effect on mean percent
viability of P. falciparum of malaria remedy extracts was
compared with that of non-malaria remedy extracts (Table
4.2, note c, null hypothesis 3). Only for chloroquine-
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sensitive clone D6 at 10 pug ml"! were the malaria remedy
extracts significantly more effective as inhibitors of P.
falcipérum than were the non-malaria remedy extracts (P =
.05).

The main hypothesis was therefore restated to differentiate
between groups of malaria remedies having different local
importance values {(Table 4.5, note c, null hypothesis 7).
For both screen concentrations and for both P. falciparum
clones D6 and W2, the group of remedies most widely known
among the Kenyah healers surveyed (IVp,) = 4) was
significantly active (null hypothesis 8), and was
significantly more active than remedies with lower
importance values (Table 5.5, note ¢, null hypothesis 7),
including the non-malaria remedy extracts (IVp,) = 0). At
20 pg ml™?, however, the non-malaria remedy extracts were
significantly more active than were the malaria remedies for
which there was little consensus between healers {(IVpal =
2).

4.4. Conclusions

A simple methed for quantifying consensus among the Apo
Kayan Kenyah concerning remedies tor malaria was combined
with simple statistical analyses of ‘rariance in the effect
of purported antimalarial and non-antimalarial extracts on
the human malaria agent Plasmodium falciparum. This
analysis has enabled an evaluation of the widely held
assumption in ethnobotany and ethnopharmacology that
remedies for which local consensus is great are likely to be
effective and, more specifically, that a large degree of
local consensus is a good indicator of biological efficacy
in the context of Kenyah treaﬁhents for malaria.
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Table 4.5. Importance value index (V) of Kenyah malaria remedy and non-malaria remedy
extracts and their effect on Plasmodium falciparum in vitro

Number Number Plasmodium falciparum
Mean - of of Mean % viability + S.E.>¢
Vus'  Species  Samples 10 pg mi” 20 pgm’
L Chloroquine-sénsitive clone D6
0 12 93 1036 +09 a 89.2+24 b™
1 4 33 106.2+10 a 956+22 ab
2 5 a3 1052+18 a 1034+31 a
4 2 18 820+62 b* 461279 c¢™
Total 23 177 102.2 + 0.9 88.8 + 1.7
Ii. Chiloroquine-resistant clone W2
o 12 o3 950+ 09 a™ 706+28 b™
1 4 33 989+23 a 808 +3.1 ab™
2 5 a3 98.2+16 a 847+34 a™
4 2 18 81.7+26 b™ 275+74 ¢
Total 23 177 95 + 0.8 707 + 1.9

8Mean of importance values {(IVy, )} for malaria remedies, described in Table 4.1.

IWVmai#0 for non-malaria remedy plants {Appendix 4.1).

[’VIabllily of P. falciparum s expressed as percent of [3H]hypox|mhlne uptlake of 2ero-
drug control, and was calculated as the mean of all samples from specles with the
same remedy importance value for malaria (IVp, 4)). S.E. = standard error of the

mean. Crude exiract samples were screehed in P. falciparum culiured in DMSO at 10

and 20 pg mi™,
SHypothesis tests:

Null hypothesis 7: mean parcent viabllity of P, faiciparum is not significantly ditfsrent
for extracts with different remedy Importance values for malaria (IVp 4p). Ho was

rejacted in @ comparison of means/multiple range (Tukey) teat (P = .05). Means
followed by the same® leiter were not significantly different from sach other.

Null hypothesis 8: viability of P. faiciparum in the presence of extracts with a glven
IVm a1 18 not significantly lower than 2erc-drug controls. H, was rejected st the

following levels; * = P < 05;** = P < 01;

** = P < D01
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These fesults deﬁonstrate that traditionally used malaria
remedies with high importance values (IVpay3) are more likely
to be effective antimalarials. Inhibition of P. falciparum
in an in vitro bioassay, supplemented by an assessment of
cytotoxic¢ activity, provides an indication of potential
biological efficacy that is highly relevant to treatment of
the erythrocytic phase of human malaria infections through
selective antiplasmodial action (Phillipson and Wright
1991). The present study may underestimate the
effectiveness of the remedies used by the Kenyah to treat
malaria, however, since the in vitro test did not detect
other types of biological activity that may be helpful in
the treatment of malaria and relief of its symptoms. For
example, antipyretic activity has been reported for
alkaloids found in Alstonia scholaris (Mukerji, Gosh, and
Siddons 1942), and complex interactions of traditiocnal
malaria remedies with oxidant-generating foods may enhance
their efficacy (Btkin and Ross 1991).

This study has demonstrated that two malaria remedies that

re widely known among the Kenyah have strong in vitro
selective antiplasmodial activity. Neither was widely known
beyond the Apo Kayan, and neither has been reported
pPreviously as a treatment for malaria. It is likely that
these remedies play an important role in treatment and
control of malaria among the Apo Kayan Kenyah. They are
worthy of further investigation, not only as potential drug
therapies for malaria, but also as safe and effective
traditional remedies for local use. While popular local
remedies for malaria were found to more effectively inhibit
P. falciparum in vitro than did the less widely known
remedies, there was also significant activity against
chloroquine-resistant P. falciparum in three samples
selected from biologically active remedies with a wide range
of local applications other than as malaria treatments.
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The results of this work emphasize the importance of
traditional knowledge and biological diversity, not only to
the search for new effective treatments for malaria and
other ailments, but also to the continuing contribution of
traditional remedies to human health.
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CHAPTER 5
ETHNOMEDICINE AND CHEMICAL ECOLOGY:
PATTERNS OF HUMAN PREFERENCE AND BIOLOGICAL ACTIVITY
IN THE APO KAYAN MEDICINAL FLORA

5.1. Introduction

Demonstrating a rational, empirical basis for human
selection and use of traditiomal remedies has been the
objective of much ethnobotanical research. While it has
been widely recognized that systems of medicine, both
traditional and modern, have a cultural and symbolic aspect
that is difficult to measure in biological terms, the
relationship between medicinal use and biological activity
has been confirmed by many laboratory studies. Methods used
include identifying active constituents with therapeutic
modes of action relevant to the traditional use {eg., Marles
1988; Armason, Hebda, and Johns 1981; Grosvenor, Supriono,
and Gray 1995) and demonstrating correlaticn between
consensus on use and biological activity in plants (Trotter
and Logan 1586).

The current understanding of the occurrence and distribution
of biological activity in plants is based largely on the
study of plant-herbivore interactions (Fraenkel 1959;
Rosenthal and Janzen 1979; Harborne 1988). Many of the so-
called secondary metabolites, or compounds not evidently
required in primary plant metabolism have been shown to play
an important role in plant defense against fungi, insects,
and other animal herbivores. These metabolites are believed
to have evolved in plants as defenses against pests and
pathogens (Ehrlich and Raven 1964). Biological activity is
distributed neither uniformly nor randemly in plants.
Patterns of distribution of bioclogical activity and
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biologically active secondary metabolites observed are
geographic, taxonomic, morphological, and ecological in
nature (Levin and York, 1978; McKey 1979; Rosenthal and
Janzen 1979).

The existence of significant relationships between use of,
preference for, and therapeutic efficacy of traditional
remedies provides indirect evidence of selection for
biological activity (Johns 1950). Such a relationship
between Kenyah remedies for malaria and antiplasmodial
activity was shown by the results of an in vitro screen
reported in Chapter 4.

Herbal remedies used in ethnomedicine are derived from
thousands of species of plants, but these represent a small
sample of the global flora. Another focus of ethnobotanical
research has examined taxonomic and ecological relationships
between the medicinal flora and the surrounding flora from
which it has been selected (eg., Moerman 1979, 1991;
Phillips and Gentry 1993b). A biological basis for
selection has been either proposed or assumed.

In this chapter, the biological basis for human selection of
and preference for plant remedies from the flora available
to them is considered more directly, first by comparing the
distribution of biological activity in the flora used
medicinally by the Apo Kayan Kenyah with that in the non-
medicinal flora, and second, by evaluating the relationship
between biological activity of and human preference for
particular attributes of the medicinal flora. 1In the first
case, human selection of medicinal plants for their
biological activity would be expected to result in a
distribution of biclogical activitf in the medicinal flora
that differs from that of the surrounding non-medicinal
flora. In the second case, human preference for attributes
of medicinal plants, such as plant part, life form, habitat,
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and taxon, would be expected to reflect patterns of
biological activity in the medicinal flora. The following
two null hypotheses are examined:

1. A linear, dependent relationship does not exist between
the frequency distribution of biological activity in a
sample of the non-medicinal flora and that in the
Kenyah medicinal flora.

2. A dependent, linear relationship does not exist between
the frequency distribution of biological activity
within particular attributes of the Kenyah medicinal
flora and quantitative indicators of Kenyah selection
of and preference for these attributes.

In section 5.2, the attributes of the plants examined are
defined, as are the measurements of human preference used in
this study, field tests for biological activity, sample
selection from the non-medicinal flora, and statistical
tests of the hypotheses examined. In section 5.3.1,
profiles of the distribution of preference for and
biological activity in the medicinal and non-medicinal flora
are described and illustrated. The observed distribution of
biological activity in the Apo Kayan flora in relation to
plant chemical ecology is discussed in section 5.3.2.
Results of a quantitative comparison of biological activitcy
in the non-medicinal and medicinal Apo Kayan flora are
presented and discussed in section 5.3.3. Results of a
quantitative evaluation of the relationships between
indicators of human preference and the distribution of
biological activity among attributes of the medicinal flora
are presented and discussed in section 5.3.4.

Plant availability and local plant management strategies are
also examined in relation to preference indicators and

biological activity to obtain a preliminary understanding of
the contribution of traditional science to conservation and
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management of locally important medicines derived from
plants (section 5.3.1).

5.2. Materials and Methods

The data presented in this chapter were collectad in the Apo
Kayan region of East Kalimantan, Indonesian Borneo, between
March and June of 1989, and in August of 1990. The
circumstances and locations of the ethnobotanical surveys,
treatment and identification of the collections, and
assignment of medicinal importance values are described in
detail in Chapter 3.

5.2.1. Attributes of medicinal plants

The Kenyah system of plant classification distinguishes
numerous attributes of plants that correspond to plant part,
specific and higher order taxa, life form, and habitat (App.
3.2). Life form and taxonomic attributes are articulated in
local names of plants; plant part attributes are defined by
responses to survey questions about remedy preparation
(Chapter 3, section 3.3.1; App. 3.1).

The analysis presented here focuses on locally defined
attributes that reflect the Kenyah perception of the plant
world, since these are most likely to form the basis for
selection of plant remedies. Where more than one Kenyah
specific taxon falls within a single scientific species, the
Kenyah species are indicated as varieties of the scientific
species, but have been treated as independent species in the
biclogical assays. Higher order taxa are externally
defined, however, following established scientific
nomenclature for families (Cronquist 1981) and superorders
(Thorne 1976, 1981). Superorders are used here rather than
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orders to facilitate quantitative analysis of a large range
of taxa.

Forest habitat attributes follow forest age-class categories
defined by Kenyah nomenclature. Many centuries of shifting
cultivation of rice and vegetables in the Apo Kayan by the
Kenyah and other swidden cultivators have created a
patchwork of forest, fallow, and fields of different ages
and floristic composition. The Kenyah distinguish stages of
forest succession based on time since the last clearing, as
well as on species composition, and soil type and fertility
(Mackie 1986; Soedjito 1982; and Sangat-Roemantyo 1982).

The medicinal flora was sorted among four major habitat age
classes: bekan (disturbed sites/1-4 year fallow fields);
jekau metan (young secondary forest/open thicket, 5-24 years
fallow); jekau bete' (mature secondary forest, 25-50 years
fallow); and empa' (primary forest, >50 years fallow). Five
overlapping age-class categories were created for species
found in more than one habitat.

Availability attributes (commonness, rareness) are
externally assigned, but are based on observations of Kenyah
consultants about whether a locally defined species is easy
or difficult to find. Generally speaking, plants that are
reliably encountered during daily travels and activities are
congidered easy to find (common). Plants that require
specific search activities or are encountered only by chance
-are considered difficult to find (rare). Disagreement
between consultants was unusual, and is indicated in the
data as "uncertain". For the purpose of this study,
measurement of plant population parameters for so large a
number of species was not feasible. ILocal perceptions of
availability are likely to aggregate a large number of such
parameters over both time and space, however, and are
therefore useful elements of Kenyah science.
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Local management strategies were defined by observation of
the locations in which plants were collected. Some species
were encountered only in wild populations, some only in
homegardens (cultivated), and some in both situations
(cultivated and wilc). Based on consultants' decriptions of
plant treatments, the latter are either transplanted from
the wild or grown in homegardens from wild seed.

5.2.2. Indicators of human preference

Measures of consensus, and species and remedy frequencies
are types of gquantitative data used in ethnobotanical
research to indicate human preferences for particular
components of the plant world (e.g., Adu-Tutu et al. 1979;
Moerman 1879, 1991; Trotter and Logan 1986; Johns, Kokwaro,
and Kimanani 1990; Phillips and Gentry 1993a, 1993b; Johns
et al. 199%94). Both types of data are used in this study to
quantify Kenyah preferences for particular attributes of the.
medicinal flora. A regression residual derived from
selection frequency is also examined as an indicator of
preference in this study. Its derivation and relevance are
described more fully in section 5.2.5 below.

For the purpose of the following discussion, the selection
frequency of a plant attribute is defined as the frequency
of all remedies (for plant parts) or all medicinally used
species having that particular attribute. For example, if
leaves are used in more remedies than bark, leaves have the
higher selection frequency.

The importance value (IV) index for Kenyah traditional
remedies (unique species-use combinations, sensu Johns et
al. 1994) was calculated from consensus data, and is a
relative measure of the consistency of local knowledge of
remedies within and between the three Kenyah villages
surveyed (see Chapter 3, section 3.2.3). The remedy

i
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importance value (IVremedy) 1S used to determine the.
relative importance of plant parts used in Kenyah remedies.
For example, the importance valve for leaves used in Kenyah
remedies is calculated as the mean IVyegmedy for all remedies
employing leaves. Species importance value (IVgpecies) is
calculated as the sum of IVremegy values for each species.
Mean IVgpecies Values are used to quantify the relative
medicinal importance of life forms, habitats, taxa,
availability categories, and management categories.

5.2.3. Biological assays

The distribution of larvicidal, antifungal, and phototoxic
activity in the Apoc Kayan flora selected by the Kenyah for
medicinal use is compared with that in a sample of the
surrounding non-medicinal flora, according to a variety of
morphological, taxonomic, and other attributes that are
relevant to how the Kenyah visualize and classify their
environment. The biological assays include a sensitive and
widely used animal assay {brine shrimp, Artemia salina
Leach) and a microbial assay (brewer's yeast, Saccharomyces
cerevisiae) that are reliable in the field. The
phototoxicity assay was included as an example of a test for
a more specific type of biological activity. '
Biological assays were performed in the field using fresh
plant material from 138 of the 203 medicinal species
collected during the ethnobotanical survey, and f£rom 40
species not used medicinally (see section 5.2.4 beiow).
Plant material usually was collected at the same time as and
from the population of the voucher specimen. The assays
were begun within 24 hours of collection of the specimens.

Fresh samples of plant material were tested for phototoxic

and antifungal activities against brewer's yeast, and for
larvicidal accivity against brine shrimp nauplii. The
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brewer's yeast assay followed methods‘developed by Daniels
(1965) aud adapted to a field study by Reyes {1982).

Methods for the brine shrimp assay developed by Meyer et al.
(1982) and elaborated by Arnmason, Marles, and Aucoin (1$91)
were subgtantially altered for the present study to make use
of a minimal amount of easily transported equiprent.

Another adaptation for the field has been published by
Trotter et al. {1983).

Laboratory facilities were established in an abandoned house
with'a firepit but without running water or electricity.
Water was hauled from the Kayan River and sterilized, along
with laboratory glassware and equipment, in a pressure
cooker: Limitations of time, equipment, and other
constraints resulted in small and often unduplicated
samples. Reproductive tissues were not available for many
species. Numerous experiments were destroyed by animals,
accounting for many of the blanks in the bioassay results.

The methods used in the field for these assays are described
in detail below. These assays are not specific to
particular constituents or modes of action, but rather were
selected to indicate the presence or absence of a wide range
of biologically active constituents. Brine shrimp assays
are widely used as convenient, general screens for useful
biocactive compounds, and respond to a broad spectrum of
antibiotic compounds in higher plants (Meyer et al. 1982;
Maxles 1988; Alkofahi et al. 1989; Solis et al. 1993).
Phototoxicity has been observed in relatively few classes of
compounds and taxa, and is associated with more specific
modes of action (Towers 1984; Arnason, Marles, and Aucoin
1991; Arnmason, Philogen, and Towers 1992; Downum 1992} .
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Brewer's yeast assay

Saccharomyces cerevisiae was cultured on Sabouraud dextrose
agar prepared by lightly spreading an aquecus suspension of
the culture on plates with a sterile wire loop. Agar medium
and plates were sterilized in a pressure cooker over a wood
fire. The plates were flamed immediately_prior to pouring
the agar medium, and stored at room temperature (18-25° C)
in sealed ziplock bags overnight prior to inoculation.

To initiate the assay, samples of material from fresh plant
specimens (within 24 hours of collection) were placed on the
inoculated plates. Each plate was divided into four zones
to allow space for samples from three test specimens and the
control disks. Approximately 0.5 mm? samples of available
material (leaf margin, stem, bark, wood, flower parts,
fruit, seed, root, and rhizome tissue) were removed from
each specimen, macerated lightly, and placed on an
inoculated plate. Paper disks, 5 mm in diameter, prepared
from Whatman No. 1 filter paper, were soaked with 30 pl of
the phototoxic compound a-terthienyl (1 mg ml-1 in 95%
ethanol) applied with a 10 pl Hamilton syringe. These disks
were air dried and added to each plate as a positive
control. Negative controls were prepared by soaking
iden:ical paper disks with 30 ul of 95% ethanol.

Plates were prepared in duplicate. One set was exposed to
long-wave ultraviolet light for 5 hours. Ultraviolet light
was initially supplied by two 6-inch, 6-watt black lamps
(Phillips F6T5/Bl-B), operated on two 6-volt Duracell
alkaline batteries, under a black cotton sheet. After one
month the connections on the lamp corroded from the high
humidity and the experiments were moved into the courtyard,
where one set of plates was exposed to sunlight for 5 hours.
A sealed ziplock bag containing a layer of water |
approximately 1 cm deep was placed over the petri plates to
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prevent the agar from melting in the sun. The other set
was kept in the dark, wrapped in aluminum foil. Both sets
were incubated at approximately 30° C through the night
(wrapped in an insulated grcoundsheet with loosely sealed
thermoses of hot water) and examined for inhibition of the
yeast culture 24 hours after treatment.

Scoring of results follow the method of Wat, Johns, and
Towers (1980). Samples that produced zones of inhibition of
growth only on the irradiated plates were considered
phototoxic (P). Samples that produced zones of inhibition
similar in size on both the irradiated and dark plates were
considered antifungal (F). Samples that produced a larger
zone of inhibition on the irradiated plate than on the dark
plate were considered both phototoxic and antifungal (P/F).

Brine shrimp assay

Ethanolic extracts of plant material were examined for their
larvicidal activities against brine shrimp nauplius larvae
(Artemia salina Leach). For most plant specimens, separate
extracts were made of available plant parts. Extracts were
prepared on the day of collection by crushing one gram of
plant material with a glass reod in one ml of 2% ethanol in
10-ml plastic medicine bottles. These were covered and
allowed to sit overmight.

Sea water (brine) was prepared by dissoiving crude sea salt
(purchased in the Jakarta Bay fish market) in boiled water
(38 g sea salt 1°1 Hy0). Brine shrimp gastrulae (obtained
from a pet shop) were added to the brine in an open beaker
covered with lcosely woven cotton gauze. The solution was
aerated every few hours by gentle agitation in the hand.
The beaker was placed in indirect sunlight during the day
and incubated at approximately 300 C overnight (wrapped in
an insulated groundsheet with loosely aealed thermoses of
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hot water) for two days to allow the shrimp nauplii to
mature.

To initiate the assay, 30 ul aliquots of plant extracts were
added to 3 ml aliquots of brine/Artemia solution in 25-cell
plastic compartment trays, resulting in an initial test
concentration of 1 x 104 pg ml-1l., (The 30 ul aliquots of
extract were approximated by one drop from an eye dropper;
most extracts contained too much suspended tissue or were
too dry to be taken up efficiently with a 10 gl Hamilton
syringe. The brine/Artemia solution was transferred from
beaker to tray using a 5 ml syringe). A negative control
was prepared for.each trial by adding a 30 ul aliquot of 2%

ethanol to 3 ml of brine/shrimp solution in one compartment
of each tray.

After 24 hours, the dead larvae were counted under a 7x
magnifying lens. A sheet of graph paper was placed under
the tray to facilitate counting large numbers of larvae.

The larvae still alive were killed by adding 3 ml of 95%
ethanol to the solution. The total number of shrimp was
counted, and the percent mortality calculated. The observed
mortality for each extract was corrected by subtracting the
observed percent mortality of the positive control. Crude
extracts resulting in mortality rates greater than 50% were
considered larvicidal (L).

5.2.4. Sample selection from non-medicinal flora

The ten most abundant terrestrial plant species in each of
four habitat types were collected and samples tested in the
two biological assays described above. The habitat types
were those defined by Kenyah nomenclature for forest age-
classes (section 5.2.1 above). The most abundant plants
were identified from the results of a forest composition
study conducted simultaneously with the present study in the
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Long Sungai Barang vicinity by R. Yusuf, a forest ecologist
with the Indonesian Institute of Sciences (LIPI).

The plot/quadrat samplirg method used by R. Yusuf
(unpublished field data) to determine relative species

- abundance followed the methods of Oosting (1960). Primary
and secondary forest sites were sampled within 0.4 ha plots
and a fallow field was sampled within a 0.25 ha plot.
Abundance of tree species in primary and secondary forest
sites was determined by counting individual saplings (2-10
cm dbh) within 5 m? quadrats, and counting individual mature
trees (dbh > 10 cm) within 10 m? quadrats. Abundance of all
species, including herbs, found within 1 m? quadrats was
determined for the fallow field site.

This method of sampling resulted in small sample sizes for
some attributes in the non-medicinal flora. For example,
reproductive parts were not available for all species; vines
and epiphytes, and rare species were excluded by the
sampling criteria for dominance and stem diameter; and some
cultivated species were excluded by the omission of
homegarden plots from the range of habitats sampled.
Sampling a range of taxa of non-medicinal species sufficient
for a comparison of biological activity with the medicinal
flora was not feasible during this study.

5.2.5. Quantitative analysis

A series of simple, least-squares linear regressions were
used to test a set of null hypotheses related to the two
major hypotheses proposed above (section 5.1). 1In the first
case, the null hypothesis that a linear, dependent
relationship does not exist between the frequency
distribution of biological activity in the sample of the
non-medicinal flora and that in the Kenyah medicinal flora
was tested'separately for each type of biological activity'
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as well as for the sum of their fregquencies {sum f), for
each of three plant attributes: plant part, life form, and
habitat. Non-medicinal samples were not adeguate for other
plant attributes. Acceptance Oof the null hypothesis at the
significance level of 5% or less) was taken to indicate
selection by the Kenyah for or against biological activity
with respect to the attribute examined.

In the second case, the null hypothesis that a dependent,
linear relationship does not exist between the frecuency
distribution of biological activity within particular
attributes of the Kenyah medicinal f£lora and quantitative
indicators of Kenyah selection of and preference for these
attributes was tested separately for importance value and
selection frequency, for each of the three types of
biological activity and for sum f, for each of five plant
attributes: species, plant part, life form, habitat, and
superorder. Rejection of the null hypothesis was taken to
suggest that selection and preference are related to
biological activity for the particular attribute examined.

Also included in this second set of hypothesis tests is an
examination of a preference indicator derived from species
frequencies proposed by Moerman (1979, 1991). Moerman
compared species frequencies of taxonomic orders in the
North American medicinal flora with those in the general
flora and used regression residuals to identify over-
represented and under-represented taxa in the medicinal
flora. He then proposed that Over-represented taxa are more
likely to be biologically active than are taxa whose
frequencies can be predicted from their frequencies in the
" general North American flora and taxa that are under-
represented with respect to the generxal flora.

A similar analysis is presented here as a test of Moerman's
hypothesis (section 5.3.4). This test involves the
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calculation of regression residuals from a comparison of
species fregquencies in superorders in the Kenyah medicinal
flora with estimated species frequencies in superorders in
the Borneo flora. The medicinal flora and general flora of
North America are well documented and may both be considered
a census rather than a sample of the relevant populations
(Moerman 1991). The data used here for the Borneo flora are
legs adequate for the test than are those used by Moerman
for North American flora, however. The Kenyah medicinal
flora is a subset of a little-known medicinal flora of
Borneo, and is compared in this treatment to an enumeration
of the Borneo flora from 1921 data  (Merrill 1921) that
likely underestimates the number of Bormeo species by more
than 15% (Burley 1990). Floristic survey data for the Apo
Kayan do not exist, and a concise, recent enumeration of
Borneo fliora is not available ({see Chapter 2). The results
of this particular test are therefore interpreted
cautiously.

Small sample sizes, particularly of some plant parts and
taxonomic groups, are recognized here as a constraint in
interpreting the results of these analyses. Small samples
are more likely to influence tests of the relationships
between the non-medicinal and medicinal flora than tests of
the relationships between preference indicators and the
medicinal flora, however. The non-medicinal flora selected
for the biocassays is a small sample of a large and
biologically diverse local flora, while the medicinal flora
tested in the bioassays represents 68% of the species
documented, and can be considered a large sample of the
Kenyah medicinal flora.

5.3. Results and discussion

The occurrence and distribution of biological activity in
pPlants used by Kenyah healers and herbalists in local
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remedies and poisons was compared with that in the non-
medicinal flora in the vicinity of Long Sungai Barang, East
Kalimantan, Indonesian Borneo. Detailed results of field
bicassays are reportsd in Table 5.1. A few conspecific
varieties were recognized by the Kenyah as distinct taxa;
these are treated as independent taxa in Table 5.1 and in
the analyses of these data described below. Higher order
taxonomic affiliations, medicinal importance value
(IVgpecies), parts used, availability, life form, habitat,
availability, and management strategy associated with
individual species are summarized in Table 5.2.

5.3.1. Profiles of preference and biological activity
Plant part

Most traditional remedies employ a particular plant part ox
parts, rather than the entire plant. Leaves were used in
60% of all medicinal species (Fig. 5.1a; App. 5.1),
accounting for 52% of 438 remedies described by Kenyah
healers and herbalists (Chapter 3, section 3.3.1). Leaves
are the easiest tissue to collect from most plants, and are
usually abundant. Only 13 remedies (3%) require use of the
whole plant (the aerial portion of small herbaceous plants).
More aerial parts are used than underground parts, which
require special tools to harvest, or reproductive parts,
which are not always available. However, seeds, rhizomes,
and fruit were more important as remedies than were other
plant parts (Fig. 5.1b; App. 5.1).

In the non-medicinal flora, larvicidal and antifungal
activity appear to be more frequent in woody and persistent
parts than in reproductive and underground parts, although
small sample sizes or missing data may affect these results
(Fig. 5.2a,b; App. 5.2). Phototoxic activity was found only
in the rhizome of Hornstedtia scyphifera (Zingiberaceae)

!
i
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(Fig. 5.2c). 1In the medicinal flora, biological activity
appears to be more frequent in reproductiv= and woody parts
than in leaves and underground parts. Phototoxic activity
was observed in the medicinally used parts of oaly three
species: 1leaves of Sida rhombifolia and flowers of Urena
lobata, both in the family Malvaceae, and in the wood of
Parkia speciosa (Fabaceae), but also occurred in unused
parts of eight medicinal species.

There appears to be a trend within the medicinal flora
towaxd selection of the active parts for use in Kenyah
remedies (eg., selection for larvicidal activity in leaves,
bark, fruit, possibly seeds, and roots, Fig. 5.2a) but there
are also numerous exceptions (eg., phototoxic activity in
leaves, stems, and bark, Fig. 5.2c) that suggest selection
against biologically active parts. Comparing the medicinal
and non-medicinal flora, antifungal activity may be more
strongly selected than larvicidal and phototoxic activity,
particularly in rhizomes, fruit, leaves, and flowers (Fig.
5.2b), which are among the most important plant parts (Fig.
5.1b).

The high frequency of biological activity observed in plant
reproductive tissues (Fig. 5.2), and their importance in
Kenyah remedies (Fig. 5.1b), is supported by the isolation
of a variety of toxic compounds in flower nectars, fruits,
and seeds (Harborne 1988). Although the sample sizes for
seeds tested here are too small to support a test of the
relationship between IVremedy and biological activity, there
is evidence that seeds are particularly well defended from
herbivory by toxins (Janzen 197s; McKey 1979; Rosenthal and
Janzen 1979; Seigler 1979).
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Life form

The Kenyah use more herbs in traditional remedies than any
other plant life form (Fig. 5.3a; App. 5.3). Herbs are not
abundant in tropical forest formations (Richards 1953;
Whitmore 1984), but ar- common and accessible in the forest
gaps where people live, farm, and travel.

Epiphytes and parasitic plants are exceptionally important
in Kenyah remedies given their low frequency in the
medicinal flora (Fig. 5.3b). Two endemic hemi-parasitic
epiphytes, Loranthus constrictus and L. fuscus
(Loranthaceae) have ritual uses that suggest a stronger
cultﬁral than phytochemical basis for their selectiocn
(Chapter 3, section 3.3.1). Neither was active in any of
the three assays (Table 5.1). Biologically active
flavonoids, tannins, and triterpencids have been isolated in
the family Loranthaceae (Atta-ur-Rahman, Khan, and Khan
1973} .

Moerman (1991) found that the medicinal flora used by native
North Americans emphasized trees and shrubs, and under-
represented grasses and grass-like plants. He proposed that
more complex plants, with more parts to defend, would have a
richer array of defensive chemicals with potential medicinal
applications. The bioassay data presented in Figure 5.4.
(App. 5.4) indicate that larvicidal and phototoxic activity
are more frequent in more complex (woody) plants in both the
non-medicinal and medicinal flora.- It is unlikely that this
trend is entirely due to the availability of more types of
plant tissues. 1In the Renyah medicinal flora, the frequency
of larvicidal and phototoxic activity was greater in the
leaves of woody plants than in herbs, and greatest in the
leaves of shrubs (Tables 5.1, 5.2). The latter trend is
supported by Levin and York's (1978) observation that
alkaloids are present in higher concentrations and are more
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toxic in woody than in herbaceous species in the tropical
flora, and by Coley's (1983) observation that growth-
dominated plants in tropical forests have the most highly
defended tissues.

Selection for biological activity is more apparent within
the medicinal flora at the level of plant part than between
the medicinal and non-medicinal flora at the level of life
form. PFor example, larvicidal activity is more frequent in
non-medicinal than in medicinally used trees, but the Kenyah
select the majority of larvicidal parts in medicinally used
trees for use in remedies (Fig. 5.4a).

Habitat

The largest numbers of medicinally used species are found in
secondary forest and disturbed sites (Fig. 5.5a; App. 5.5).
Secondary forest is the most extensive feature of
settlements of swidden cultivators, and is the habitat in
which much of their daily work is done. Relatively few
medicinal species are selected from primary or old-growth
forests. Primary forest near Kenyah settlements is often
left on mountain tops or in areas that are not attractive
for cultivation or settlements.

Species selected from secondary forest and primary forest
were most important in Kenyah remedies, while ubiquitous
species and species selected from disturbed sites were least
important (Fig. 5.5b). Seéondary forest has a high
frequency of biological activity (Fig. 5.6; App. 5.6), as
predicted by Coley (1983) for late-succession, tropical
forest. Frequencies of larvicidal and antifungal activity
in the medicinal flora exceeded those in the non-medicinal
“flora in late-succession habitats, suggesting selection for
‘the more active plants from the most bioldgically active age
classes.
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Taxon (superorder)

Plant materials selected by the Kenyah for medicinal use are
derived from 203 species of plants, representing 59 families
and 17 superorders of dicots, 11 families and 4 superorders
of monocots, and 6 families in 2 divisions of lower plants
(clubmosses and ferns) (Fig. 5.7a; App. 5.7 and 5.8). No
medicinal uses of fungi or lichens were reported.

In the Kenyah system of taxonomy, the nomenclature for most
plants is equivalent to a scientific species (App. 3.2).
Broader taxonomic relationships are apparent in Kenyah
nomenclature for a few groups, such as terrestrial ferns
(paku), and members of the ginger family, Zingiberaceae
(1ia) . The largest superorder in the medicinal flora,
Commeliniflorae, includes the families Zingiberaceae (25
species) and Poaceae (9 species), two of the largest
medicinally used families in the Kenyah medicinal flora.
Among the smallest families are those that comprise species
endemic to Borneo (Scyphostegiaceae, Proteaceae) and species
introduced from the New World or Africa (Bromeliaceae,
Caricaceae, Crassulaceae). Nearly half of all families in
the medicinal flora are represented by a single species, a
reflection of the extreme richness of the Borneo flora.

The most important families are Rutaceae and Piperaceae, in
which the species Citrus aurantium (Rutiflorae) and Piper
betle (Annoniflorae) have the highest medicinal importance
values (Table 5.2; App. 5.8). The most important
superocrders are Geraniflorae (Fig. 5.7b), represented by the
single species Impatiens balsamina (Balsaminaceae), and
Santaliflorae, represented by the two epiphytic species
Loranthus constrictus and L. fuscus described above. The
clubmosses (Lycophyta) were among the least frequent and
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least important taxa in the medicinally used flora. These
results are greatly influenced by sample size.

Biological activity was observed in 16 (73%) of the 22
superorders, in 35 (56%) of the 62 families, and in 78 (57%)
of the 138 species for which materials were tested (Fig.
5.8; App. 5.9, 5.10; Table 5.1). Larvicidal activity was
more f£requent in dicots than in monocots, and more frequent
in higher than in lower plants. Antifungal activity was
more frequent in lower than in higher plants, and more
frequent in monocots than in dicots. Phototoxic activity
was observed in six superorders (all dicots). In only two
superorders {(Malviflorae, Rutiflorae) were the active parts
used, however. Piper betle (Piperaceae/Annoniflorae),
Diospyros borneénsis (Ebenaceae/Theiflorae), and Timonius
sp. (Rubiaceae/ Gentianiflorae) were active in all assays.
In all three species, at least one of the parts used was
active. The largest superorder, Commeliniflorae, had less
than the overall mean freguency of biological activity in
all three assays. Citrus aurantium and Impatiens balsamina
were not tested; neither Loranthus constrictus nor L.
fuscus was active.

Availability

Kenyah healers and herbalists identified 122 medicinally
used species that they consider easy to find (common), and
60 species they consider difficult to find (rare) (Fig.
5.9a; App. 5.11). Reports were uncertain or in conflict for
13 species. Two species considered rare by the Kenyah are
listed as endangered throughout Indonesia (Rifai, Rugayah,
and Widjaja 1992; Zuhud and Haryanto 1990; Wadhwa 1994; see
Table 5.2). Eight species considered common dominated
habitats surveyed during selection of non-medicinal species
{Yusuf, unpublished data). Commoﬁ_and rare species were
valued equally by the Kenyah, but the medicinal importance
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‘of species with uncertain availability was lower (Fig.
5.9b), indicating greater local knowledge of and consensus
on valued species.

An emphasis on common species has been noted in other
ethnobotanical studies. Phillips and Gentry (1993b) and
Johns, Kokwaro and Kimanani (1990) have proposed that common
species are more likely to be examined for medicinal
properties than rare sﬁécies, their uses more easily
recalled, and are more likely to be available when needed.

Larvicidal and antifungal activity in the non-medicinal }
flora were more frequent in common than in rare species, but
phototoxic activity was more frequent in rare species (Fig.
5.10; App. 5.12). 1In the medicinal flora, however,
selectinn for larvicidal ard antifungal activity in rare
species suggests a more thorough exploration and
exploitation of biological activity in resources that are
difficult to find. As noted for other attributes, there
appears to be overall selection of antifungal activity in
the medicinal flora over the non-medicinal flora (Fig.
5.10b).

Management strategy

Human activity results in direct and indirect manipulations
of the environment. In addition to the continuous creation
of successiocnal forest habitats through swidden cultivation,
as described above, the Kenyah manipulate individual plant
species in several ways: they harvest plants from wild
populations, transplant seedlings from wild populations into
fields ox homegardens, and grow plants from seed.

Cultivated species include those that have been introduced
from other cultures and geographic regions and those that
may have been domesticated locally.
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Most medicinally used species were harvested from wild
populations (Fig. 5.11a; App. 5.13). Wild species, were
less important than managed groups, however (Fig. 5.11b).
Species that are present in both wild and cultivated
populations are most important in Kenyah remedies.
Cultivated, old-world species (which include Rutaceae and
Zingiberaceae) are more numerous and more important (34
species, mean IVgpecjes=4.3) than are cultivated new-world
species (11 species, mean IVgpecieg=3-4). Wild old-world
species (156 species) are more important (mean
IVgpecies=2-7) than are wild new-world species (5 species,
mean IVgpecies=2.0).

The frequency of larvicidal activity in transplanted
medicinal species was higher than in both medicinal and non-
medicinal species'collected from wild populations (Fig.
5.12; App. 5.14). Selection for antifungal activity and
against phototoxic activity in the medicinal flora over the
non-medicinal flora is apparent in wild species, but cannot
be determined for other management strategies from the
samples collected. Within the medicinal flora, however,
selection for the active parts is most apparent in
cultivated species, a phenomenon predicted in deomesticated

species by John's model of human chemical ecology (Johns
1580).

5.3.2. Biological activity in the Apo Kayan flora

Biological activity in the non-medicinal flora of the Apo
Kayan largely follows the distribution of biologically
active compounds predicted by studies of plant defense
against herbivores. In the sample of the non-medicinal Apo
Kayan flora examined in this study, larvicidal activity was
most frequently observed in persistent and woody plant parts
(Fig. 5.2), woody plants (Fig. 5.4), mature secondary forest
habitats (Fig. 5.6), and common species (Fig. 5.10). This
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pattern follows the distribution of defenses in tropical
forest species observed by Coley (1983). In her study of
herbivory and plant defense in forest gaps in a tropical
forest in Panama, Coley found that slow-growing, shade-
tolerant, "persistent” species that dominate late succession
habitats were better defended than were fast-growing
"pioneer" species that dominate early succession habitats.
Quantitative phytochemical defenses are high-molecular-
-weight, carbon-based compounds such as tannins and phenolics
that, when present in relatively high concentrations in
plant tissues, affect feeding and development of herbivores
(Rhoades 1979; McKey 1979). These compounds are widely
distributed in plant taxa.

The higher frequencies of antifungal and phototoxic activity
in herbaceous plants (Fig. 5.4), disturbed-site species
(Fig. 5.6), and rare species (Fig. 5.10) follows the
distribution of qualitative defenses in "unapparent" plants
predicted by Feeny (1976). Qualitative defenses are low-
molecular-weight, nitrogen-rich or fat-rich compounds, such
as alkaloids, polyketides, and terpenoids (Levin and York
1578; McKey et al. 1978). These compounds can be highly
toxic at low concentrations, and are more narrowly and
specifically distributed in plant taxa.

Toxic, deterrent, and inhibitory effects of secondary
metabolites are believed to be an important component of a
comprehensive defensive strategy that involves a range of
morphological, ecological, and chemical adapcations. The
substantial theoretical and experimental literature on this
topic has been reviewed recently by Herms and Mattson |
(1992), and has been treated comprehensively also by
Rosenthal and Janzen (1979) and Harborne (1988).

In medicine, these two modalities are likely to have
different strengths as drugs. Tannins and other large
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carbon-based compounds are more typically used as
astringents, haemolytics, antivirals, and antibiotics, while
the more toxic compounds have more specifically therapeutic
uses (Lewis and Elvin-Lewis 1977; Goodman et al. 1985; Levin
and York 1978; Bvans 1989).

5.3.3. Biological activity in the Kenyah medicinal flora

The profile of biological activity in the Apo Kayan
medicinal and non-medicinal flora overall shows a similar
pattern for the three types of biological activity
investigated (Fig. 5.13): in both the medicinal and non-
medicinal species tested, the frequency of larvicidal
activity was highest and the frequency of phototoxic
activity was lowest. However, antifungal activity was more
frequent and larvicidal activity was less freguent in the
medicinal flora than in the non-medicinal flora. These
results suggest that the Kenyah may be selecting for
antifungal activity and against larvicidal activity in the
medicinally used flora over non-medicinal controls.
Although there are similarities between the two samples in
the distribution of biolegical activity, the medicinal flora
may not be merely a random subset of the surrounding flora.

The possibility that the Kenyah are selecting the medicinal
flora from the Apo Kayan flora on the basis of biological
activity is supported by quantitative analysis. The results
of simple linear regressions of the frequencies of
larvicidal, antifungal, and phototoxic activity in medicinal
species tested, against frequencies of biological activity
in the non-medicinal species tested with respect to plant
part, life form, and habitat attributes (Pigs 5.2, 5.4, and
5.6) are shown in Table 5.3. The absence of significant
similarities between the frequencies of biological activity
in the medicinal and the non-medicinal flora (P > 0.05)
supports the first null hypothesis proposed, that a linear,
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Table 5.3. Quantitative comparison of the frequency of biological activity in the Kenyah
medicinal flora and the non-medicinal Apo Kayan flora according to plant part, life form, and
habitat

Frequency of biological activity®
Larvicidal Antifungal Phototoxic

Attribute® (L) (F) {P) Sum °
Plant part (n=4-6) n.s. P=.08" n.s. n.s.
ri=.42
Life form (n=3) P= 055" n.s. n.s. P= 12
r’=89 r?=97
Habitat (n=6) ns. ns. n.s. n.s.

® Data categories for which the number of samples (parts, species) tested for biological
activity < 1 were eliminated from the analysis.

® Frequency of parts or species tested in which part used medicinally was active. Larvicidal
= toxicity to brine shrimp (LDS0 < 104 ppm); antifungal = inhibition of brewer's yeast;
phototoxic = light-activated inhibition of brewer's yeast,
n.s.: P is not significant. # P<0.1
Probabilities (P} and coefficients of determination (r2) resulting from unweighted
least-squares linear regressions of the frequency of larvicidal, antifungal,and phototoxic
activity in Kenyah medicinal flora versus the non-medicinal Apo Kayan flora.

® Sum of frequencies of larvicidal, antifunga), and phototoxic activity. Results of multiple
regressions of L, F, and P in the medicinal flora against the non-medicinal flora were not
significant at the 5% probability level or less for any of the attributes examined.
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dependent relationship does not exist between the frequency
distribution of biological activity in a sample of the non-
medicinal flora and that in the Renyah medicinal flora. 1In
other words, the plants selected for medicinal use are not a
random subset of the sdrfounding flora. An alternate
hypothesis is that the Kenyah selection of plant materials
for medicinal use emphasizes particular types of biological
activity.

In the medicinally usé&_ﬁlora, biological activity is well
exploited by the Kenyah (Fig. 5.13). A majority of the
active parts were used medicinally: 85% of larvicidal and
83% of antifungal parts were used. Only 50% of phototoxic
parts were used in Kenyah remedies, however. These data
strongly suggest that once any plant has been selected for
medicinal use, the active part is preferred.

5.3.4. Preference indicators and biological activity

Based on the results shown in Table 5.4, the second null
hypothesis proposed above -- that a dependent, linear
relationship does not exist between the frequency
distribution of biological activity within particular
attributes of the Kenyah medicinal .flora and quantitative
indicators of Kenyah selection of and preference for these
attributes -- can be rejected in a few cases (P < .05), and
an alternate hypothesis of a linear, dependent relationship
between selection or preference and biological activity
accepted. Importance values (IV) for plant species and
plant part, and selection frequency for superorders reflect
observed patterns in biological activity for these
attributes within the medicinal flora. Since Kenyah
remedies are defined by plant part, species, and use
combinations (see Chapter 3), it is reasonable to speculate
that a predictable association of biological activity with
 these attributes would influence the local importance of
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Table 5.4. Quantitative relationships between indicators of human preference and
biological activity in the Kenyah medicinal flora

Attribute® Frequency (f) of biological activity®
Preference Larvicidal Antifungal Phototoxic
indicator” L) (F) P Sum r*
Species {(n=13)
Vspeces (N=13) P=,0001 = n.s. P=07° P=.008 =
r? =79 r2=_27 f2=.49
Plant part (n=8-10)
Mean IViemeoy n.s. n.s. n.s. P'=.016 "
r’=64
Selection freq. n.s. n.s. n.s. n.s.
Life form (n=>5)
Mean Vyeces n.s. n.s. n.s. n.s.
Selection freq. n.s. n.s. n.s. n.s.
Habitat (n=4)
Mean IVyoecies n.s. n.s. n.s. n.s.
Selection freq. n.s. n.s. n.s. n.s.
Superorder (n=19)
Mean IV,pecies n.s. n.s. n.s. n.s,
Selection freq. n.s. n.s. n.s. P=01"
ré=32
Residual n.s. n.s. n.s. n.s.
Availability (n=2) insuff. insuft. insuff. insuff.
Management strategy (n=4)
Mean IV, ucies n.s. n.s. n.s. n.s.
Selection freq. ns. n.s. n.s. n.s.

® Data categories for which the number of samples (parts, species) tested for biological
activity < 1 were eliminated from the analysis. Intermediate categories were excluded

from the analysis of habitat data. Residual values for superorders were derived from

least-squares linear regression of Kenyah medicinal flora against the estimated Borneo
flora (Fig. 5.18; App. 5.7).

® Indicators of selection: selection frequency (frequency with which a particutar attribute
appears in the medicinal flora}; and residual values derived from an unweighted
least-squares regression of the number of iKenyah medicinal species against the
estimated number of Bomeo species in 27 superorders (see Fig. 5.19). Indicators of

preference; remedy importance value (IVremedy), species importance value {IVspecies), etc.

{continued on next page)
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Table 5.4. continued

© f = frequency of parts or species tested in which part used is active. Larvicidal = toxicity
to brine shrimp (LDg, < 10* ppm). Antifungal = inhibition of brewer's yeast. Phototoxic =
light-activated inhibition of brewer's yeast.
Probabilities (P) and coefficients of determination (r?) resulting from unweighted
least-squares linear regressions of selection frequency and importance value of locally
defined attributes of medicinal plants versus their frequencies of larvicidal (L), antifungal (F),
and phototoxic (P) activity.
n.s.. P is not significant. insuff: data insufficient for regression. *: P<.1; = P< .05;
. P<.01. P'= significant outliers omitted from regression: for plant part, rhizome and
sap were omitted; for superorder, Commelinidae were omitted.

¢ Sum f = sum of frequencies of larvicidal, antifungal, and phototoxic activity. Results of
independent and multiple regressions of selection and preference indicators against L, F,
and P were not significant (P =.05).



remedies. Broader taxonomic relationships might then
influence the frequency with which plant species are
examined for biological activity.

Importance value (IV)

The majority of species in the Kenyah medicinal flora have a
small number of uses and are known to one or two individuals
(and therefore have a low IVspecies) . while IVgpecies
exceeds 10 for only 4 of the 203 species used medicinally
(Fig. 5.14; App. 5.15). The frequency of biological
activity in Kenyah medicinal species appears to increase
with IVgpecjeg (Fig. 5.15; App. 5.16). A significant linear
relationship between IVspecies @nd biological activity is
confirmed by the regression of IVgpecies against sum £
(Table 5.4), illustrated in Figure 5.16 (P=.008; rZ=.49).
This relationship is even stronger for larvicidal activity
alone (P=.0001; r?=.79). These results confirm, for a
broader range of biological activity, the significant
relationship between IVremedy and antiplasmodial activity
described in Chapter 4.

Remedy importance value (IVremedy) was found to be
significantly related to sum f with respect to plant part if
the data for rhizomes, a significant outlier, were omitted
from the regression (Table 5.4; Fig. 5.17). It is likely
that many of the rhizomes used in Kenyah remedies are
selected for properties other than their toxic constituents.
Of the 24 species from which rhizomes are selected for use
in remedies, 14 (58%) are from the.family Zingiberaceae.
This family is rich in volatile oils, curcuminoids, tannins,
phenolic acids, and terpenoids, but contains few highly
toxic compounds such as alkaloids (Evans 1989) Moreover,
many of the Kenyah medicinal uses of Zingiberaceae rhizomes
overlap with nutritional uses {Chapter 3, gection 3.3.1,
Zingiberaceae). Other plant parts are more bioclogically
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Figure 5.16. Plot of an unwelighted least-squares linear regression of

species importance value (IV,,,,.) against the sum of frequencies of larvicidal,
antifungal, and phototoxic activity {(sum f) in the Apo Kayan medicinal fiora.
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diverse, however, and more strictly medicinal in their use
by the Kenyah.

Selection frequency

Selection frequency was found to be significantly related to
biological activity only for superorders (Table 5.4; Fig.
5.18). If the data for Commeliniflorae and Liliiforae,
significant outliers, are omitted, the frequency
distribution of Kenyah medicinal species among superorders
(Fig. 5.7a) was significantly related to the sum of
frequencies of larvicidal, antifungal, and phototoxic
activities (sum f) (Fig. 5.8). Of the 36 species in
Commeliniflorae, 21 (58%) are in the family Zingiberaceae
(App. 5.9). and are likely to be valued for properties other
than their toxic principles, as explained above in section
5.3.4.

When the number of species in superorders in the Kenyah
medicinal flora were compared with the number of species in
superorders in the Borneo fiora (Fig. 5.19), a method of
identifying preferred taxa developed by Moerman (1975,
1991), the Commeliniflorae was again identified as a
significant outlier. Regression residuals are given in App.
5.7. Of the 27 superorders represented in the Kenyah
medicinal flora, 13 are over-represented, 9 are under-
represented, and 5 are within the range predicted by the
estimated number of species available in the Borneo flora.
Within these five superorders, only three families
(Melastomataceae in Myrtiflorae, and Apocynaceae and
Asclepiadaceae in Gentianiflorae) can be considered
representative of a random sample of the available species
(App. 5.11).

In his study of the North American medicinal flora, Moerman
(1991) proposed that over-represented taxa are more likely
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Figure 5,18. Piot of an unweighted least-squares linear regression of selection
frequency for superorders (frequency of all medicinal species per superorder)
in the Apo Kayan medicinal flora against the sum of larvicidal, antifungal, and
phototoxic activity (sum f). r?=.11; P=.16. If the significant outiiers
Commelirifiorae and Liliiflorae are omitted, r*=.32; P= 01,
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to be biologically active than are under-represented taxa.
This "ypothesis is not supported for the Apo Kayan medicinal
flora, even when the data for significant outliers
Commeliniflorae and Liliflorae are omitted (Table 5.4;
P=.42, r?=.44). Regression residuals (Fig. 5.18; App. 5.7)
were not significantly correlated with biological activity
in the Kenyah medicinal flora (Fig. 5.7). However, most of
the highly active sgpecies used medicinally by the Kenyah are
contained in over-represented taxa. For example,
Annoniflorae includes the highly active families Piperaceae
and Lauraceae (App. 5.12). Rutiflorae includes the highly
active families Fabaceae, Meliaceae, and Sapindaceae (App.
5.12) as well as Rutaceae, which is known to contain
biologically active constituents such as alkaloids, volatile
oils, coumarins, and terpenoids (Evans 1989).

5.4, Conclusions

From the examination of relationships between selection
frequency, importance value, and biological activity
reported here, a number of conclusions may be drawn
concerning the chemical ecology of Kenyah use of the Apo
Kayan flora in traditional remedies.

The Kenyah have not selected plant materials for use in
traditional remedies at random from the available flora.
The distribution of biological activity in the flora
selected for medicinal use, as indicated by larvicidal,
antifungal, and phototoxic activity,‘appears to emphasize

" antifungal activity in particular, and may indicate

avoidence of some highly toxic materials, as indicated by
larvicidal activity. Once a plant has been selected for

'medicinal use, the active part is preferred.
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The results of this study reveal significant relationships
between the frequency of biological activity in the
medicinal flora, the frequency of selection, and the degree
of consensus on use, as indicated by the medicinal
importance value (IV). The relationship between medicinal
importance value and biological activity is strongest at the
level of plant part and species. These attributes are among
those for which Kenyah plant nomenclature indicates a
prominent role in the Kenyah view of the plant world,
although symbolic and spiritual associations, availability,
accessibility, and other factors likely influence selection
and medicinal importance of plant materials.

Several additional relationships between the distribution of
biological activity in the Apo Kayan flora and its selection
for medicinal use by the Kenyah are suggested by the results
of this study. Secondary forest species are highly active,
and appear to be highly selected by the Kenyah for medicinal
use. Common species are used in more remedies, but rare
species appear to be more thoroughly examined and used for
their biological activity. The high frequency of biological
activity in transplanted and cultivated species used in
traditional remedies suggests that the Kenyah manage these
species to make important bioclogically active materials more
readily available than are species collected wild.

A more thorough examination of these relationships will
benefit from larger samples of the non-medicinal flora,
replication of biocassays, and employment of tests for
bioclogical activity that are more specifically relevant to
the ailment treated and the Kenyah understanding of its
cause (ie., the examination of antiplasmodial activity of
Kenyah malaria remedies, presented in Chapter 4). Variation
in the nature and quantity of secondary metabolites in '
"individual plants over time, and within plant species, were
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not considered in the present study, but are likely to
influence patterns of harvest for medicinal use.

The results presented in this chapter support the view that
ethnomedicine is the result a continuous empirical process
of experiment and discovery that can be corroborated by
modern methods. Traditional knowledge of medicinal
materials cannot be replicated or replaced by random
samples, or by phylogenetic, morphological, or ecological
associations with biological activity.
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CHAPTER 6
GENERAL CONCLUSIONS AND DISCUSSION

6.1 Main conclusions

This study is the first thorough investigation of the
medicines used by an indigenous group in Borneo. A primary
objectlve of an ethnobotanical study is to "identify what
plants are significant" to the people of a particular
culture (Ford 1978:44). This study has attempted to answer
this fundamental gquestion concerning Kenyah knowledge and
use of plants in traditional remedies by addressing several
subsidiary questions that are relevant to current issues in
ethnobotany. These guestions included: (1) Which remedies
are most important to the Kenyah? (2} How i remedy
importance related to the Kenyah view of health and illness?
(3) What is the relationship between remedy importance,
biological activity, and potential efficacy? and (4) What
is the relationship between indicators of human preference
and biological activity?

A new tool was developed to address the latter set of
questions quantitatively, and to facilitate the examination
of falsifiable hypotheses. A simple consensus index, the
remedy importance value (IVremedy) was derived from
ethnobotanical survey data {Chapter 3) to measure the
relative degree of consensus and local geographic extent of
knowledge among the Kenyah concerning individual remedies
(unique species/tissue-medicinal use combinations, sensu
Johns et al. 1994). This index differs from other proposed
measures of consensus (eg., Trotter and Logan 1986; Johns,
Kokwaro and Kimanani 1990; Phillips and Gentry 1993a, 1993b)
in its 91mp11c1ty, its appllcatlon to data obtained from
interviews with groups as well as individuals, and its
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flexibility in quantifying relative importance of larger
units of interest, such as remedy categories (Chapter 3),
plant taxa, and groups defined by ecological variables
{Chapter 5}.

Ethnobotanical survey results showed that the Kenyah have a
far more extensive knowledge of remedies derived from the
Apo Kayan flora and fauna than had previously been noted
(Elshout 1923; Nieuwenhuis 1929; Tillema ({1938] 1989; Conley
1973; Whittier 1973), confirming preliminary results of
other researchers (Soedjito 1982; Sangat-Roemantyo 1982).
Remedies recorded during this study comprise 199 plant
species and 5 animal species, and represent a broad range of
taxa {Chapter 3, Chapter 5). Kenyéh consultants described
438 unique remedies to treat 66 different ailments.

Remedies for prominent local health problems, such as
dermatological and gastrointestinal ailments, are most
numerous, but materials used as poisons, as synergists with
other remedies, and remedies for dental and pediatric
ailments are most important.

An approximation of the relationship between importance and
therapeutic efficacy was derived using an ip vitro human
malaria assay (Plasmodium falciparum) to evaluate the
activity of Kenyah malaria remedies and non-malaria remedy
controls (Chapter 4; Leaman et al. 1995). Plants with a
high importance value as malaria remedies (IVmal) produced
extracts that inhibited cultured Plasmodium falciparum more
effectively than extracts of remedies with low IVpal and
control plants. These results provide a more use-gpecific
test of the correlation between consensus and general

biological activity demonstrated by Trotter and Logan
(1986) .

The nature of the relationships between importance and
general biological activity of the medicinal and non-
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medicinal flora was evaluated using three assay models
adapted for the field situation (Chapter 5). Significant
relationships were demonstrated between medicinal importance
value of plant parts and species and the sum of their
larvicidal, antifungal, and phototoxic activities (sum f),
as well as between selection frequency of superorders and
sum f.

This study is unique in demonstrating that healers and
herbalists select for biological activity in the medicinally
used flora with respect to the available flora (Chapter 5).
Previous studies have demonstrated that ethnomedical data
can lead to more efficient isolation of anticancer agents in
plant extracts than alternate collection strategies, such as
random sampling, chemo-taxonomic relationships, and
ecological distributions of biological activity (eg., Spjut
and Perdue 1976; Spjut 1985; Cordell, Beecher, and Pezzuto
1391). The present study demonstrates that a high level of
ethnomedical consensus is a good predictor of biological
activity.

Frequencies of bioclogical activity in plant tissues selected
for medicinal use are significantly higher than in tissues
not used in remedies. These results strongly suggest that
selection of plant materials for use in remedies by the
Kenyah is based on empirical examination of individual
species and plant parts in the treatment of ailments.

Higher levels of biological activity in transplanted and
cultivated 'pecies suggest that the Kenyah manipulate plant
species to enhance the availability of biologically active
materials.

Overall, this research supports the premise that human
knowledge and use of plants as medicines is a dynamic
product of empirical investigation of the therapeutic
properties of available materials. Such knowledge includes
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the special knowledge of healers, the more generalized
knowledge of herbalists, and community knowledge of
household remedies. The relative importance of traditional
remedies to the Kenyah communities surveyed appears to
reflect not only the relative significance of the pathogens
and other risks to health and life to which a particular
ethnic community is exposed, but also the relative
therapeutic efficacy of materials available for use as
medicines.

6.2 Implications of this study for health, conservation,
and management of biodiversity

The Kenyah rely on traditicnal remedies for most of their
health care, as does an estimated 80% of the world's
population (Farnsworth et al. 1985). This study was
motivated principally by immediate and practical concerns of
the Kenyah, which encompass the efficacy, safety, and
accessibility of medicines; cultural and environmental
integrity; and conservation, not orly of plant and animzl
resources, but also of their knowledge of how to use these
wisely (Leaman, Yusuf, and Sangat-Roemantyo 1991; Leaman et
al. in press). These concerns are shared by many
communities of indigenous people who rely on an intimate
knowledge and careful use of the surrounding flora and fauna
for their survival (eg., Coordinating Body for Indigenous
People's Organizations of the Amazon Basin 199S).

Most (62%) species used medicinally by the Kenyah are
collected wild from secondary forest habitats (Chapter 5).
The Kenyah consider 29% of all medicinal species to be rare
(difficult to find). Although the impact of shifting
cultivation by the Kenyah on forest succession and species
composition in the Ape Kayan is small at current population
levels (Mackie 1986), immigration, changes in agricultural
practices, and commercial logging could affect the
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availability of many medicinal species, either directly
through over-harvesting, or indirectly through the reduction
of primary and mature secondary forest habitats.

Kenyah women have significantly greater knowledge of
remedies than do men, but important remedies are known
equally to both genders (Chapter 3). Although traditional
remedies are still in common use in the Apo Kayan, knowledge
of the plant and animal sources and methods of use is held
only by a few individuals in each community. These healers
and herbalists, almost without exception, are community
elders. Elderly Kenyah healers and herbalists lament the
lack of interest :in their skills among younger people, and
forecast the disappearance of their medicinal knowledge.

There is increasing interest in the application of
ethnomedical survey results to the search for novel
pharmaceuticals and in the conservation of the cultural and
biotic diversity upon which these surveys depend (Cordell,
Beecher, and Pezzuto 1991; Reid et al. 1993; Chadwick and
Marsh 1994). Direct benefits to the communities involved
are limited by a number of factors, however, including: the
focus of pharmaceutical research on pPatentable drugs and
diseases of primary concern to developed countries (Baker et
al. 1995); the inaccessibility of commercial drugs and other
products to rural peoples; relativély little research on the
safety and efficacy of traditional remedies (De Smet 1991;
but see Caceres 1987, 1991); concerns about the community
vis-a-vis the national interest in intellectual property
rights (Baker et al. 1995); and the threat of over-harvest
of wild-collected species with international market value
(Jenkins and Oldfield 1992; World Health Organization, World
Conservation Union, and World Wide Fund for Nature 1993).
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6.3. Priorities for future research

A model is proposed (Fig. 6.1) for using traditional
knowledge more effectively to identify priorities for
research and management directed toward comservation of rare
or threatened medicinal species and rational use of
traditional remedies. The principal contributions of
ethnobotanical research include: identification of
important remedies and species using consensus methods;
identification of important medicinal species that are
considered rare by healers and herbalists; and preliminary
identification of potentially effective or toxic remedies
through biological assays and literature reviews.

These priorities are supported by a number of international
research and development efforts. Two current efforts are
the TRAMIL (Scientific Investigation and Popular Use of
Medicinal Plants in the Caribbean) project (Robineau 1991,
1995); and the People and Plants Initiative (Hamilton 1995)
sponsored by the World Wide Fund for Nature (WWF), the
United Nations Educational, Scientific and Cultural
Organisation (UNESCO), and the Royal Botanic Gardens, Kew.

Applying this model to the present study, 79 remedies,
involving 66 species of plants or animals, are highly wvalued
among .the Apo Kayan Kenyah communities (Chapter 3). Of
these locally important species, 22 (33%) are bioclogically
active; the Kenyah consider 23 (35%) of these rare (Chapter
5). There are species that are important, biologically
active, and possibly rare; these warrant research directed
toward conservation and protection. Aquilaria beccariana
van Tiegh. (gaharu, or incense wood), a valuable product for
commercial trade, has been proposed as a conservation
priority (Peluso 1983).
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Available flora

Traditional science of chemical ecology

Ethnomedicinal flora

Modemn science + traditional science

v
Threatened plants Ethical phytomedicines Risky plants
Rare Safe Risk > benefit
High importance value (IV) Effective
Non-sustainable Sustainable

Management/research priority

v v | v
I
Conservation Promotion Education
Protection Local use Safe & effective
Propagation Culiivation alternatives
Research on Sustainable harvest
safety & efficacy Global benefits

Figure 6.1. Contribution of traditional science and modern science to management and
research priorities for conservation and sustainable use of medicinal plants
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While the field bioassays provide only a rough indicator of
potential efficacy of traditional remedies, the present
study identified two important Kenyah malaria remedies with
‘antiplasmodial activity (Chapter 4). One species, Aglaia
dookoo Griff. (cf., Lansium domesticum Corr. Serr.) is
widely used, common, and transplanted to homegardens,
allowing for the possibility of cultivation. This is an
example of a remedy that warrants further research directed
toward standardization of a safe, effective, and locally
accessible remedy for an ailment with significant local
health effects.

Few ethnobotanical surveys have been undertaken among
indigenous peoples of Kalimantan. Given the diversity and
the unexplored nature of the Ralimantan flora, such surveys
are likely to reveal a wealth of previously undocumented
medicinal species. If other isolated communities are
discontinuing the practice of traditional medicine as
quickly as are the Kenyah, much of this knowledge of useful
medicinal species may be gon. within a few years.

A number of aspects of Kenyah ethnobotany to which this
thesis alludes have not been analyzed fully here. Among
these are Kenyah taxonomy of medicinal plants and of the
ailments they treat; and a detailed assessment of the
biological activity-use relationships of remedies other than
those for malaria. Work on the former will require a better
understanding of Kenyah linguistics and concepts of health
than is possible for an outsider to achieve in a few months
of research, but is likely to reveal much about the cultural
and biological basis for selection and use of plants as
remedies. The latter will require bioassay models that are
relevant to the biological basis and the cultural
understanding of the ailments treated.



Appendix 3.1. Field data collected for a survey of Kenyah plant medicines

I.

II.

Botanical Data

Date, collector, collection number

Local name/folk taxonomy _
Family/scientific name (if known)
Location of collection

Habitat type (e.g., succession age-class)
Life form (e.g., tree, herb)

Height

Biological factors affecting distribution
Evidence of herbivore or pathogen damage
Type of material/tissue collected
Flower/fruit colour and characters (if sterile, when
likely to flower/fruit)

Ethnohotanical Data

Consultant's name, age, gender, occupation, etc.
Date and location of interview

Etymology of vernacular name

Other sources of material: season, time, local
Indication (ailment treated, symptoms)
Preparation and application (part used, dosage, age of
patient, etc.)

Expected results

Problems/constraints affecting use

History of use/current status of use

Other (non-medicinal) uses
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Appendix 3.4. Account of 2 Kenyah healing ceremony

The current status of use of traditional remedies among the
Kenyah today is illustrated by the following example. A man
about 25 years old at the time of the study, Taman K, became
ill while on a hunting expedition to the forests near the
site of a former Uma' Tukung Kenyah village at Sungai
Jemahang. The principal symptoms were an incapacitating
headache, partial loss of vision, and loss of appetite.
There had been no obvious event while in the forest to
precipitate these symptoms, thus some members of the hunting
party were immediately concerned that there had been some
offense given to an ancestral spirit lurking around the old
village site, that had breached a taboo, or even that some
sort of curse had been laid, as Taman K's social standing in
the commnity often put him in situations of settling scores
between family units. Taman K's friends carried him back to
Long Sungai Barang by boat on a stretcher fabricated on the
spot from bamboo poles and a plastic tarpaulin. Upon
arriving at home, Taman K took aspirin tablets and went to
bed. He repeated this treatment for two days, with no
improvement. On the third day, he consulted the mantri
obat, who had no medicine but wanted to charge him a small
fee for the house call. He was refused. After 5 days,
Taman K himself began to suspect some extraordinary cause (a
suggestion he had resisted since, because of his social
position and the high standing of his family, a
demonstration of belief in adat Jama would have been a poor
example for the community). A strong and energetic young
man, a few days of his illness had made him look weak, pale,
and many years older. His family sent for two spirit
heaiers from Lidung Payau, a husband and wife team, both
about 60 years old. Meanwhile, Taman K requested, and
received from me a tablet of a prescription migraine remedy
(cafergot), which I had offered to him a few days earlier.
After swallowing the tablet, Taman K told me that the
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healers were coming and invited me to observe their
treatment.

The healers arrived in the late afternoon and ate with the
family, except for Taman K, who remained in bed. 1In the
evening, a lay brother from the Catholic church arrived,
along with a few of the village elders, and they sat in the
main room of the house conversing gquietly until dark. At
dark the shutters of the main room were closed as usual, and
an oil lamp lit and placed in the centre of the room. In
the adjoining bedroom, family members helped Taman K rise
from his bed, seated him on a low stool, and wrapped him in
a blanket. The female healer took a packet from her banyet
(a woven rattan sack carried on the back), unwrapped nine
small parcels containing seeds, bark, and other materials as
follows:

Rhizome of lung bala (Homalomena rubra Hassk. var. 1,
Araceae); seeds of two undetermined species of labu
(Cucurbita spp., Cucurbitaceae) cultivated for food; bark of
tuba aka (Derris elliptica (Wallich) Benth., Fabaceae);
dried fruits of beleng la' (Litsea cubeba (Lour.) Pers.,
Lauraceae); seeds of lesayat (Sesamum indicum L.,
Pedaliaceae); diseased heartwood of kayu sekau/gaharu
(Aquilaria beccariana van Tiegh., Thymelaeaceae); fur of
sapangan (Ratufa affinis, Sciuridae); and resin from an
unidentified species of tree.

The healer arranged small amounts from each parcel on a
small tray. The lay brother extracted a plastic bottle in
the shape of the Virgin Mary from his jacket pocket, and
sprinkled holy water from it onto the tray. The female
healer then placed the oil lamp below Taman K's stool, and
dropped pinches of the material on the tray into the flame,
allowing the smoke (siap) to rise into the blanket. Taman K
perspired heavily under the blanket. When the material on
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the tray had all been burnt, Taman K's wife helped him back
into bed.

While the herbs were being burnt, the rest of us sat in the

- darkened main room. The elders chatted with the healer and

. the lay brother about various events of interest in Long

Sungai Barang. When Taman K had returned to bed, the healer
began a long chant; simultanebusly the lay brother said a
long Catholic prayer aloud, and others in the room
participated in one or the other or both, or continued
chatting about unrelated events. After about 15 minutes,
everyone was silent, then said guodnight and went home. The
healer collected their banyet and went to sleep in the house
of a relative in the village. In the morning, Taman K's
headache was gone, and he looked extremely well.
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Appendix 4.1. Non-malaria remedy extracts used as controls in Plasmodium

Jalciparum and human epidermoid carcinoma (KB) assays

The following remedies used for ailments other than malaria
by the Kenyah of the Apo Kayan were sampled for comparison
with malaria remedies in the Plasmodium falciparum and KB
cell assays. The format here is: scientific
name/family/Kenyah name/herbarium specimens/part used:
medicinal or other use.

Ageratum conyzoides L./Asteraceae/udu tai/JTA & RY 92-6
UO0/leaves, stems: fever, stomachache, wounds.

Albizia chinensis (Osbeck) Merr./Fahaceaé/enep/JTA & RY 92-6
U0/ bark: fish poison.

Dianella nemorosa Lam. {cf. D. ensifolia L.
Redouté} /Liliaceae/ bete'/JTA & RY 92-7 UO/whole plant:
ritual.

Diospyros borneénsis Hiern/Ebenaceée/kayu kelelingan/HS &
DJL 92-8 UO/leaves: fish poison.

Etlingera eliator (Jack) R.M. Smith (formerly Nicolaia
eliator (Jack) Rosc.; N. speciosa
Horan) /Zingiberaceae/nyanding/HS & DJL 92-9 UO/fruit:
insgect stings, dog mange, dart poison antidote,
anthelmintic; stalk: eye infections, ritual.

Etlingera sp. l/2ingiberaceae/lamei/HS & DJL 92-10 UO/buds:
stomachache, heartburn, appetite stimulant, insect
stings, and as tonic to treat a condition (ya'a tudep,
"very difficult") the symptoms of which are paleness
and jaundice; stalk: not used.

'Homalomena pendula (Bl.) Bakh.f./Araceae/JTA & RY 92-8
JO/not used by Kenyah.

Leucosyke alba 2Zoll. & Mor./Urticaceae/kayu te pa'ei/HS &
DJL 92-11 UO/leaves, bark: fatigue, stomachache,
diarrhea.



Parkia speciosa Hassk. (cf. foxburghii)/Fabaceae/kayu
beta/JTA & RY 92-2 UO/bark: burns; leaves: dart poison
antidote. ‘

Plectranthus scutellaroides (L.) R. Br./Lamiaceae/udu

~ lang=au, udu ngeau/JTA & RY 92-10 UO/leaves: rashes,
wounds. ,
Pongamia pinnata (L.) Merr./Fabaceae/tuba jek/JTA & RY 92-11
- UO0/roots: fish poison; stem: not used by Kenyah.

Smilax barbata Wall./Smilacaceae/padi/HS & DJL 92-12

UO/rhizome: fish poison. '

274



Appendix 5.1. Selection frequency and remedy importance value

IV:emeay) Of plant parts used in Kenyah remedies

No. = Sel. No. Sel. Mean
Plant part Spp. Freg.'  remedies Freq® Viameay’ * S.E.
Leaf ‘ 124 0.61 229 C.54 32 * 02
Stem 58 0.29 100 0.23 28 + 02
Bark 25 0.12 40 0.0% 3t + 04
Wood 5 0.02 10 0.02 32° + 09
Sap 12 0.06 14 0.03 18 + 03
Fruit 15 0.07 34 0.08 38 + 1.0
Flower 5 0.02 10 0.02 28 + 0.7
Seed 9 0.04 21 0.05 44 + 08
Root 22 0.11 37 0.09 20 + 02
Rhizome 24 0.12 60 0.14 4.1 + 05
All aerial parts 13 0.06 16 0.04 23 + 04

* Total number of medicinal species = 203.
® Total number of remedies = 438. Mean |Vremedy for some plant parts exceeds

maxdimum IVremedy (=4) because some remedies require mare than one part.
Mean of remedy importance values for parts used medicinally.

Standard error of the mean.

7
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Appendix 5.3. Selection frequency and species importance value
(IVypeaes) Of plant life forms used in Kenyah remedies

No. Sel. Mean .
Plant life form Spp. _ Freq.' Wg...." + S.ES
Herb 79 0.39 36 + 03
Epiphyte/ parasite 5 0.02 52 + 06
Vine 45 022 34 + 04
Shrub 18 0.09 41 + 09
Tree 56 0.28 36 =+ 04

® Total number of medicinal species = 203.

° Species importance value = sum of remedy importance values for each
species,

© Standard error of the mean.
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Appendix 5.7. Selection frequency and medicinal importance value (mean IV, qe)

of superorders in the Apo Kayan medicinal flora compared with the estimated available
fiora of Bomeo

Division Kenyah medicinal flora Bomeo flora

Ciass No. Sel Mean Est. no. Regression
Superorder” +D48" Freq.t Vipecies + S.E.° spp." __ Residual’

Lycophyta (clubmosses) 2 0Mm 1.0 + 00 ?

Pleraphyta (fems) 8 004 34 + 05 700 -9.4455 (-)*

Pinophyta (gymnosperms) 0 0.00 00 + 00 26 -0.7223 ()

Anthaphyta {angiosperms)

Dicotyledonae
Annoniflorae 15  0.07 52 + 11 261 7.7496 (+)"
Nymphaeifiorae ¢ 0.00 06 * 0O 3 -0.0833 (-)
Rafiftesiiflorae 1 <0.01 40 =+ 00 6 0.8333 (+)
Theiflorae 11 0.05 31 + 05 499 -2.8618
Violiflorae 6 003 38 + 08 100 3.2221 (+)
Malviflorae 18  0.09 34 =+ 04 602 1.2769
Santaliflorae 2 0.01 55 + 04 78 -0.1668
Geraniiflorae 1 <0.01 60 =+ 00 52 -0.4445 (-)
Chenopodiiftorae 2 0.01 20 + 07 12 1.6666 (+)
Hamamelidiforae G 0.00 00 3+ 00 51 -1.4167 {-)
Proteiflorae 1 <0.01 40 + 0.0 1 0.9722 (+)
Rutiflorae 18 0.09 44 + 10 372 7.6661 (+)*
Pasiilorae 2 0.0 25 + 04 38 0.9444 (+)
Myttiflorae 7 0.03 31 + 05 304 -1.4449
Gentianiflorae 22 D011 25 + 04 709 2.3045
Solaniflorae 6 003 40 + 10 44 4.7177 (%)
Comiflorae 7 003 37 + 08 105 4.0832 (+)
Lamiiflorae 10 0.05 23 * 05 €9 8.0832 (+)*
Asteriflorae 9 0.04 41 =+ 0¢ 38 7.9444 (+)*
Monocotyledonae
Lilliflorae 7 003 24 =+ 06 767 -14,307 (-)*
Triuridifiorae 0 0.00 00 =+ 00 5 -0,1389 ()
Alismaliflorae G 000 00 + 00 8 -0.2222 ()
Ariflorae 8§ 004 34 + 09 195 25831 (+)
Areciflorae 4 0.02 35 * 17 212 -1.8802 (-)
Commeliniflorae 36 0.18 43 + 05 428 241100 (+)*

& Superorders follow Thome (1981).
® Number of species used medicinally by the Kenyah.
Frequancy of superorder in the medicinal flora. Total number of medicinally used species = 203,

Species importance value = sum of remedy importance values for each species, SE. =
standard error of the mean.

{continued on next page)
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Appendix 5.7 continued

* Number of Bomeo species in each supernrder was estimated from Merrill (1921) for angiosperms
and gymnosperms; from Copeland {1917) for pteridophytes. More recent reports of individual
taxonomic groups suggest that these sources underestimate the total number of species in the
Borneo fiora by 40-50 % (Merrill 1921; Kiew 1984; Mat-Salieh, Beach, and Beaman 1990).

! Residual values were derived from an unweighted, least-squares linear regression of the number
of Apo Kayan species used medicinally by the Keayah against the estimated number of Borneo
species per superorder (P=0; r2=0.640). Residuals above or below 95% confidence intervals
are over-represented (+) or under-represented (-) in the Apo Kayan medicinal flora; significant
outliers (*) exceed the standard error of the regression estimate (+6.82).
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Appendix 5.8. Selection frequency and medicinal importance value (mean 1Vepeces) Of families
in the Apo Kayan medicinal flora compared with the eslimated availab'e flora of Bomeo

Division
Class
Superorder” Kenyah medicinal flora Bomeo flora
Order Na. Sel, Mean Est. no. Regression
Family spp®  Freq.® Wipeie + S.E° spp.* Residual’
Lycophyta (clubmosses)
Lycopsida
Lycopodiaceae 2 0010 1.0 + 00 ?
Selaginellaceae 0 0000, 00 * 0.0 ?
Pterophyta (ferns)
Filicopsida
Adiantaceae 0 0.000 00 <+ 00 ?
Aspleniaceae 1 0.005 20 * 00 ?
Blechnaceae ¢ 0.000 00 + 00 ?
Davalliaceae 0 0.000 00 + 00 ?
Dennstaedtiaceae 0 0.000 00 + 00 ?
Gleicheniaceae 1 0.005 20 =+ 00 10
Polypodiaceae 3 0.015 a7 + 07 587
Schizaeaceae 1 0.005 30 + 00 8
Thelypteridaceae 2 0010 45 + 14 ?
Gymnosperms
Cycadopsida
Cycadaceae 0 0000 a0 + 00 1 -0.0188 ()
Gnetopsida
Gnetaceae 0 0.000 00 * 0.0 8 -0.1508 (-)
Pinopsida
Pinaceae 0 0000 00 =+ 00 6 ~0.1131 ()
Taxopsida
Taxaceae 0 0000 00 *+ 0.0 1 -0.2073 ()
Anthophyta (angiosperms)
Dicotyledonae
Annoniflorae
Annonales
Annonaceae 3 0015 20 + 03 54 1.8822 (+)
Aristolochiaceae 0 0000 00 + 00 6 01131 ()
Chloranthaceae 0 0.000 00 + 0.0 2 -0.0377 (-)
Hemandiaceae 0 0.000 060 + 00 1 -0.0188 (-)
Lauraceae 5 0025 54 + 20 74 3.6053 (+)*
Magnoliaceae 0 0.000 co0 + 0.0 7 «0.1319 ()
Monimiaceae 0 0000 00 + 00 4 -0.0754 (=)
Myristicaceae ¢ 0.000 00 + 00 37 -0.6874 ()
Piperaceae 4 0.020 85 *+ 19 36 3.3215 (+)*
Schisandraceae 2 0.010 35 + 04 2 0.9812 (+)
Winteraceae 1 0.005 40 + 00 1 0.9812 (+)



Appendix 5.8. continued

Division
Class
Superorder” Kenyah medicinal flora Borneo flora
QOrder No. Sel. Mean Est. no. Regression
Family Spp®  Freq.® Vypecies + S.E.° spp.* Residual’
Berberidales
Menispermaceas 0 0.000 g0 + 00 26 -0.4900 (-
Ranunculaceae 0 0.000 00 * 00 4 -0.0754 (-)
Nymphaeiflorae
Nymphaeales
Nymphaeaceae 0 0000 00 + 00 3 -0.0565 ()
Raffiesiiflorae
Rafflesiales
Rafflesiaceae 1 0.005 40 + 0.0 6 0.8869 (+)
Theiflorae
Ebenales :
Ebenaceae 1 0.005 40 + 00 29 0.4534 (+)
Sapotaceae 1 0.005 20 + 0.0 57 -0.0743 (-)
Styraceae ¢ 0.000 00 =+ 0.0 1 -0.0188 (-
Ericales
Epacridaceae 0 0000 00 + 00 4 -0.0754 (-
Ericaceae 0 0.000 00 =+ 00 70 -1.3193 ()
Polygonales
Polygonaceae 1 0.005 50 + 0.0 7 0.8681 (+)
Primulales
Myrsinaceae 3 0015 37 + 14 81 1.4733 (+)
Theales
Aquifoliaceae 1 0.005 20 + 00 16 0.6984 (+)
Clethraceae 0 0.000 00 =+ 0.0 2 -0.0377 ()
Clusiaceae 4 0.020 25 + 08 54 29822 (+)*
Dilleniaceae 1 0.005 20 + 0.0 57 -0.0743
Icacinaceae 0 0.000 00 =+ 0.0 18 -0.3393 (-)
Lecythidaceae 0 0.000 00 =+ 00 11 -0.2073 (-)
Nepenthaceae 0 0.000 00 + 00 26 -0.4900 (-)
Ochnaceae 0 0.000 00 + 00 19 -0.3581 (=)
Symplocaceae ¢ 0.000 0.0 + 00 24 -0.4523 ()
Theaceae 0 0000 00 + 00 23 -0.4335 (-)
Vidliflorae
Capparsles
Capparaceae c 0.000 00 + 0.0 5 -0.0942 (-)
Violales
>goniaceae 0 0.000 00 + 00 26 -0.4900 (-)
Caricateae 1 0.005 20 + 00 1 0.8812 (+)
Cucurbitaceae 2 0,010 45 =+ 04 28 14723 (+)
Datiscaceae 0 0.000 00 + 0.0 1 -0.0188 (5
Flacourtiaceae 1 0.005 70 +* Q0 22 0.5853 (+)



Appendix 5.8. continued

Division
Class _
Superorder” Kenyah medicinal flora Bormneo flora
Order No. Sel. Mean Est. no. Regression
Family spp”  Freq.° WVopeces * S.E.° spp.* Residual’
Passifloraceae 1. 0.005 10 + 00 6 0.8869 (+)
Scyphostegiaceae 1 0.005 40 + 00 1 0.9812 (+)
Tumeraceae 0 0.000 060 + 00 1 -0.0188 ()
Violaceae 0 0.000 00 + 0.0 9 -0.1696 ()
Malviflorae
Euphorbizles
Dichapetalaceae 0 0.000 00 + 0.0 2 -0.0377 ()
Euphorbiaceae 10 0.04¢ 36 + 06 195 6.3247 (+)*
Malvales
Bixaceae 0 0.000 00 + 00 1 -0.0188 ()
Bombacaceae 1 0.005 50 + 0.0 23 0.5665 (+)
Dipterocarpaceae 0 0.000 00 + 00 103 -1.9413 ()
Elaeocarpaceae 0 0.000 00 + 00 22 -0.4147 (-)
Malvaceae 2 0.010 25 + 04 12 1.7738 (+)
Sterculiaceae 0 0.000 00 =+ 00 37 -0.68974 (-)
Thymelaeaceae 1 0.005 7.0 + 0.0 14 0.7381 (+)
Tiliaceae 0 Q000 "00 =+ 0.0 19 -0.3581 ()
Rhamnales
Rhamnaceae 1 0.005 1.0 + 0.0 5 0.9058 (+)
Utticales
Moraceae 1 0.005 30 + 00 116 -1.18863 (=)
Ulmaceae 0 0.000 00 + 0.0 7 =3.1319 (=)
Udicaceae 2 000 35 + 04 46 1.1330 {+)
Santaliflorae
Balanophorales
Balanophoraceae 0 0.000 00 + 00 4 -0.0754 {-)
Celastrales
Celastraceae 0 0.000 00 + 0.0 14 -0.2839 ()
Santalales
Loranthaceae 2 0010 55 *+ 04 47 1.1142 (+)
Olacaceae 0 0.000 00 + 00 7 -0.1319 (=)
Santalaceae 0 0.000 00 + 00 8 -0.1131 (=)
Geraniiflorae
Geraniales
Balsaminaceae 1 0.005 60 + 00 8 0.8889 (+)
Erythroxylaceae 0 0.000 00 + 0.0 2 -0.0377 ()
Linaceae 0 0.000 00 =+ 0.0 5 -0.0842 (-)
Malphighiaceae 0 0000 .00 + 0.0 4 -0.0754 (=)
Onxalidaceae 0 0.000 00 * 0.0 10 -0.1885 (-)
Polygalaceae 0 0.000 00 + 00 25 -0.4712 ()



Appendix 5.8. continued

Division
Class
Superorder” Kenyah medicinal flora Bomeo flora
Order No. Sel, Mean Est. ne. Regression
Family spp”  Freq.® Wipeies + S.E.° spp.* Residual'
Chenocpodiiflarae
Chenopodiales
Aizoaceae 0 0.000 00 =+ 0.0 1 -0.0188 {-)
Amaranthaceae 1 0.005 30 + 00 10 0.8115 (+)
Caryophyllaceae 1 0.005 10 + 00 0 1.0000 (+)
Pertulacaceae ¢ 0.000 00 =+ 00 1 -0.0188 (-)
Hamamelidiflorae
Casuarinales
Casuarinaceae 0 0.000 00 + 0.0 3 -0.0565 (-)
Fagales
Fagaceae 0 0.000 00 + 0.0 48 -0.9047 ()
Proteiflorae
Proteales
Proteaceae 1 0.005 4C + 00 1 0.9812 (+)
Rutiflorae
Rutales
Anacardiaceae 0 0.000 00 + 0.0 34 -0.6408 (-)
Burseraceae 1 0.005 10 + 00 24 0.5477 (+)
Connaraceae 1 0.005 20 =+ 00 14 0.7361 (+)
Fabaceae 10  0.049 48 + 13 174 - 6.7208 (+)*
Juglandaceae 0 0.c00 00 =+ 00 1 -0.0188 (=)
Meliaceae 2 0010 40 + 0.0 52 1.0199 (+)
Myricaceae ¢ 0.000 00 + 00 2 =0.0377 (4
Rutaceae 1 0.005 140 + 0.0 19 0.6419 (+)
Sabiaceae 0 0.000 0.0 + 040 8 -0.1508 (-)
Sapindaceae 2 0.010 1.5 + 04 49 1.0765 (+)
Simaroubaceae 1 0.005 30 + 00 3 0.9435 (+)
Rosiflorae
Pittosporales
Pittosporaceae 0 0.000 00 + 0.0 1 -0.0188 ()
Rosales
Crassulaceae 1 0.005 36 + 00 1 0.9812 (+)
Cunoniaceae 0 0.000 00 + 0.0 1 -0.0188 (-)
Droseraceae 0 0000 00 + 00 3 -0.0565 (-)
Rosaceae 1 0.005 20 + 00 24 0.5477 (+)
Saxifragaceae 0 0.000 00 + 0.0 7 -0.1319 (=)
Staphyleaceae 0 0.000 00 + 0.0 1 -0.0188 (-)
Myrtiflorae
Myrtales
Combretaceae 0 0.000 00 + 00 11 -0.2073 {-)
Lythraceae 0 0.000 00 + 0.0 4 -0.0754 (-)



Appendix 5.8. continued

Division
Class .
Superorder” Kenyah medicinal flora Borneo flora

Order No. Sel Mean Est. no. Regression
Family spp®  Freq.® Vypecies *+ S.E! spp.* Residual’
Melastomataceae 3 0015 4C =+ 038 171 -0.2230
Myrtaceae 3 0015 23 + 05 111 0.9079 (+)
Onagraceae 1 0.005 30 + 00 4 0.9246 (+)
Punicaceae 0 0.000 00 + 00 1 -0.0188 (-
Sonneratiaceae 0 0.000 0.0 + 0.0 2 -0.0377 ()

Gentianiflorae

Bignoniales
Acanthaceae 2 0.010 10 + 00 51 1.0388 (+)
Bignoniaceae 1 0.005 10 + 00 3 0.9435 (+)
Gesneriaceae 3 0015 17 + 03 112 0.8890 (+)
Lentibulariaceae 0 0.000 00 + 00 7 -0.1319 ()
Orobanchaceae 0 0000 006 =+ 00 1 -0.0188 (-)
Pedaliaceae 1 0.005 40 =+ 00 1 0.9812 (+)
Plantaginaceae 0 0.000 00 + 00 1 -0.0188 (=)
Scrophulariaceae 0 0.000 co + 00 26 -0.4900 (-)

Gentianales
Apocynaceae 1 0.005 10 + 00 7 -0.3382
Astlepiadaceae 1 0005 60 + Q0 48 0.0853
Gentianaceae 0 0.000 00 + 00 5 -0.0942 (-)
Loganiaceae 2 0.010 65 + 18 30 1.4346 (v)
Rubiaceae 11 0.054 20 * 03 333 4.7237 (+)*

Oleales
Oleaceae 0 0.000 00 + 0.0 20 <0.3770 ()

Solaniflorae

Campanulales
Campanulaceae 0 0.000 00 *+ 0.0 5 ~0.0842 (-)
Goodeniaceae 0 0.000 00 + 00 2 -0.0377 (-)

Solanales ‘

Convolvulaceae 2 0.010 3.0 + 07 26 1.5100 (+)
Solanaceae 4 0.020 45 + 15 11 3.7927 (+)*
Comiflorae '

Araliales :
Apiaceae 1 0.005 70 + 00 5 0.80£8 (+)
Araliaceas 1 0.005 50 + 0.0 22 0.5853 (+)

Comales
Comaceae (Aralidiacea 0 0.000 60 =+ 00 7 -0.1319 (=)
Haloragidaceae 0 0.000 00 =+ 00 2 -0.0377 (-)
Leeaceae 1 0.005 10 + 00 7 0.8881 (+)
Rhizophoraceae 0 0.000 00 + 00 20 -0.3770 (-)
Vitaceae 3 0015 a7 + 07 a8 2.2838 (+)
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Appendix 5.8. continued

Division
Class ‘
Superorder” Kenyah medicinal flora Bomneo flora
Order No. Sel. Mean Est. no. Regression
Family spp®  Freq.® Ny + S.E.* spp.* Residual’
Dipsacales
Caprifoliaceae 0 0.000 0.0 + 00 4 -0.0754 (-)
Lamiiflorae
Boraginales
Boraginaceae 0 0.c00 0.0 =+ 00 3 -0.0565 ()
Lamiales
Lamiaceae 6 0.030 20 + 086 19 5.6419 (+)
Verbenaceae 4 0.020 28 + 07 47 3.1142 (&)
Asteriflorae
Asterales .
Asteraceae 9 0.044 41 + 09 3s 7.2838 (+)"
Monocotyledonae
Liliflorae
Liliales
Burmanniaceae 0 0.000 00 + 00 12 -0.2262 (=)
Dioscoreaceae 0 0.000 00 =+ 0.0 1 -0.2073 (-)
Iridaceae 0 0.co0 00 + 00 2 -0.0377 (=)
Liliaceae 4 0.020 40 + 1.0 34 2.5477 ()
Orchidaceae 0 0.000 00 + 0.0 702  -15.8312 (-)*
Pontederiaceae ¢ 0.c0 00 + 00 3 -0.0565 (-)
Smilacaceae 2 0010 30 *+ 07 10 0.8115 (+)
Taccaceae 1 0.005 10 =+ 0.0 3 0.9435 (+)
Trivridiflorae
Triuridales
Triuridaceae 0 0.000 06 + 0.0 5 -0.0942 ()
Alismatifiorae
Alismatales
Butomaceae 0 0.000 00 =+ 0. 1 -0.0188 (-)
Hydrocharitales
Hydrocharitaceae 0 0.000 00 + 0.0 5 -0.0942 ()
Najadales
Najadaceae G 0.000 00 + 0.0 1 -0.0188 (-)
Potamogetonaceae 0 0.000 00 =+ 00 1 -0.0188 ()
Ariflorae
Arales
_ Araceae 8 003 34 + 09 185 3.3247 (+)*
Areciflorae
Aracales
Arecaceae 4 0020 35 + 17 . 179 0.6262 (+)
Pandanales
Pandanaceae 0 0.000 0.0 = 33 -0.6220 (-)

0.0
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Appendix 5.8. continued

Division
Class
Superorder” Kenyah medicinal flora Borneo flora

Order Neo. Sel. Mean Est. no. Regression

Family spp®  Freq.® Wipecies * S.E° spp.* Residual’
Commeliniflorae

Commelinales
Bromeliaceae 1 0.005 10 + 00 1 0.8812 (+)
Centrolepidaceae 0 0.000 00 + 0.0 1 -0.0188 (-)
Commelinaceae 1 0.005 20 + 00 21 0.6042 (+)
Cyperaceae 2 0.010 30 + 07 126 -0.3748
Eriocaulaceae 0 0.000 00 + 00 6 -0.1131 ()
Flagellariaceae 0 0.000 00 + 00 3 -0.0565 (+)
Poaceae 9 0.044 g8 + 09 131 6.5309 (+)*
Xyridaceae ¢] 0.c00 00 + 00 4 -0.0754 (-)

Zingiberales
Cannaceae 0 0.000 g0 + 00 1 -0.0188 ()
Marantaceae 0 0.000 00 + 0.0 7 -0.1319 ()
Musaceae 2 0.010 45 + 18 9 1.8304 (+)
Zingiberaceae 21 0.103 48 + 06 118 18.7760 (+)*

® Superorders and orders follow Thome {1981). Families follow Mabberley (1987).

® Number of species used medicinally by the Kenyah (AKne).

€ Frequency of superorder in the medicinal flora. Total number of medicinally used species = 203.

° Species importance value = sum of remedy importance values for each species. S.E. =
standard error of the mean.

® Number of Bomneo species {BO) in each family was estimated from Merrill (1821) for
angiosperms and gymnosperms; from Copeland {1917) for pteridophytes. More recent repaorts
of individual taxonomic groups suggest that these sources underestimate the total number of
species in the Borneo flora by 40-50 % (Merrill 1921; Kiew 1984; Mat-Salleh, Beach, and
Beamnan 1990).

! Residual values were derived from an unweighted, least-squares linear regression of the number
of Apo Kayan species used medicinally by the Kenyah against the estimated number of species
in the Borneo flora (P=0; r’=.27). Residuals above or below 85% confidence intervals are
over-represented (+) or under-represented {-) in the Abo Kayan medicinal flora; significant

outliers {*) exceed the standard error (+2.36) of the estimated regression line:
AKneg= 0 + 0.0188 (BO).
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Appendix 5.11. Selection frequency and medicinal importance

value (mean [Vyo.,) of Kenyah medicinal plants according to
their avatlability

No. Sel, Mean
Availability"  SPP. ___Freq.”  Wypeie® *S.E°
Common 120 0.58 39 + 03
Rare 58 0.29 35 =+ 03
Uncertain 25 0.12 22 + 03

* Status based on consensus of survey participants.
® Total number of medicinal species = 203.

© Species importance value = sum of remedy importance.
values for each species.

d Standard error of the mean.
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Appendix 5.13. Selection frequency and medicinal importance value
(mean IV,,..es) according to management strategies for Kenyah
medicinal piants

Management No. Sel. Mean

strateqy® Spp. _Freq.” Vipecies” *S.E.°
Wild 164 0.78 33 + 019
Transplanted 10 0.05 5.1 + 1.20
Cultivated and wild 14 0.07 89 + 0.88
Cultivated 21 0.10 , 46 + 0.81

* Defined by Kenyah treatment categories.
® Total number of medicinat species = 203.

© Species importance value = sum of remedy importance values
for each species. '

d Standard error of the mean.
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Appendix 5.15, Frequency distribution by medicinal
impoertance value (IV, ...} of the medicinally used

Apo Kayan flora
Vopecies. No. spp.” Freq.
1 43 0.21
2 45 0.23
3 26 0.13
4 33 0.18
5 14 0.07
6 16 0.08
7 10 0.05
8 4 0.02
9 4 0.02
10 3 0.01
11 0 0.00
12 0. 0.00
13 0 0.00
14 2 0.01
15 1 0.00
16 1 0.00

® Species importance value = sum of remedy importance

values for each species.
® Total number of species = 203,
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