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Abstract It is well known that ethnobotanical knowledge
can vary significantly among societies. However, it often
remains difficult to fully capture the factors underlying
differences in perceptions of usefulness. A quantitative ethno-
botanical study was conducted in Indigenous Territory and
National Park Isiboro-Sécure (TIPNIS), Bolivia, to compare
the plant use knowledge and management of the Yuracarés
and Trinitarios, two indigenous groups that share the same
living environment. Results show that the Trinitarios have
higher knowledge of plants from anthropogenic environments
and maintain a significantly larger pharmacopoeia than the
Yuracarés. By contrast, the Yuracarés are more knowledgeable
of wild flora and particularly excel in their knowledge of wild
food plants. I relate these differences to: (1) cultural heritage,
customs and practices; (2) ethnomedicinal system; (3) (histor-
ical) mode of subsistence; (4) provenance; (5) history of
contact with Western society; and (6) modernization and
social position. I argue that although contemporary Yuracarés
are semi-sedentary, their plant use knowledge and manage-
ment reflect their previous semi-nomadic foraging lifestyle.
Similarly, Trinitarios’ current plant use knowledge and man-
agement reflects their legacy of having developed one of the
most advanced pre-Colombian agricultural societies in
the tree savannahs of Moxos.
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Introduction

What is considered useful varies from one society to another
(Prance et al. 1987; Balée 1994; Phillips et al. 1994). Differ-
ences in plant use, knowledge and management among
traditional living societies have been related to a number
of factors, including:

– provenance (Hoffman 2009);
– the ecological and anthropogenic characteristics of

people’s living environment, as well as access to differ-
ent ecological units (Milliken and Albert 1997; van
Andel 2000; Ladio 2001; Ladio and Lozada 2004;
Ladio et al. 2007; Thomas et al. 2008, 2009a,b);

– ethnic affiliation or cultural background (Prance et al.
1987; Heinrich et al. 1998; Pieroni and Quave 2005;
Ladio et al. 2007; Albuquerque et al. 2008; Perrault-
Archambault and Coomes 2008; Hoffman 2009; Pieroni
et al. 2011);

– sensory perception (Shepard 2004);
– contact history and intensity withWestern society, as well

as the importance of interethnic contacts (Balée 1994;
Milliken 1997; Voeks 2004; Perrault-Archambault and
Coomes 2008; Thomas et al. 2008; Thomas and Van
Damme 2010);

– (historical) lifestyle and mode of subsistence (Brown
1985; Balée 1994; Voeks 2004);

– degree of isolation (Leonti et al. 2003; Pieroni and
Quave 2005; Perrault-Archambault and Coomes
2008);
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– economic characteristics and level of market access and
integration (Reyes-García et al. 2006; Ladio et al. 2007;
Perrault-Archambault and Coomes 2008; Hoffman
2009);

– modernization (Benz et al. 2000; Hoffman 2009).

Ethnobotanists have developed numerous methods to
assess and quantify intra- and interethnic variation in plant
use knowledge, among which the use value index of Phillips
and Gentry (1993) is probably one of the more popular.
Begossi (1996) proposed an interesting alternative method
using ecological diversity indices for comparing the use or
knowledge of plants by different human populations. I apply
the methods of both Phillips and Gentry (1993) and Begossi
(1996) to compare the plant knowledge and management of
the Yuracarés and Trinitarios, who share the same living
environment in the central-southern part of Indigenous Ter-
ritory and National Park Isiboro-Secure, Bolivia (TIPNIS)
(Fig. 1) but differ in their contact histories, historical modes
of subsistence, provenances and cultural backgrounds.
Cross-cultural comparisons of this type are still strongly
underrepresented in scientific literature (Pieroni and Quave
2005; Albuquerque and Hanazaki 2009; Hoffman 2009).

Since the Trinitarios of south-central TIPNIS are relatively
new to the area, have long practiced subsistence agriculture
and have a long contact history, I postulate their knowledge of
useful wild plants is significantly lower but their knowledge of
managed vegetation proportionally higher than that of the
Yuracarés, who are native to the area, were until recently
semi-nomadic foragers and have a relatively brief contact
history. I expect this trend not to be limited to the overall plant

use knowledge, but also be reflected in different use categories
separately. My comparison particularly focuses on differences
in medicinal and food plant knowledge (see Thomas et al.
2009c and Thomas and Van Damme 2010 for a detailed
survey of the joint knowledge of Yuracarés and Trinitarios
of wild and managed plants, respectively, and Thomas et al.
2011 for a brief introduction to their ethnomedical systems).

Background

The Trinitarios are a subgroup of the Mojeños and belong to
the Arawak language family (Querejazu 2008). The Moje-
ños reached a high level of development in pre-Hispanic
times in the Bolivian municipality of Moxos (Beni depart-
ment) to the north of TIPNIS. They had well-developed
agriculture, control of the major river systems, a complex
social structure, and large populations (Denevan 1980;
Erickson 2000; Bert et al. 2004; Querejazu 2008). At the
time of first contact, they had domesticated ducks and
practiced swidden agriculture with stone axes, in combina-
tion with plantations on artificially elevated plains (Erickson
1980; Denevan 1980; Querejazu 2008). The first explorers
mentioned corn cribs on pilings, numbering up to 700 in a
single field, each holding 30–45 bushels (Denevan 1980).
According to Denevan (1980), bananas, plantains and sugar
cane had already been introduced prior to the first Jesuit
contact in 1595. Between 1667 and 1767 the Jesuits intro-
duced new agricultural technologies and exotic crops such
as coffee, rice and fruit trees (orange, lime, tamarind).

Fig. 1 Location of the
participating indigenous
communities (El Carmen, Tres
de Mayo, San Antonio, San
Jose and Sanandita) in TIPNIS
(grey area), Bolivia (map
elaborated with DIVA-GIS;
www.diva-gis.org)
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Numerous references confirm the high population density
of the plains of Moxos at the time of contact (Block 1997;
Lehm 1999; Querejazu 2008). According to Gantier (1991)
in 1696 there were 19,760 Arawakan-speaking people living
in Jesuit missions along with 70,000 other natives (Bert et
al. 2004). Mojeño villages were extraordinarily large com-
pared to those of other lowland groups, comprising up to
2,000–3,000 people (Denevan 1980; Querejazu 2008).
Mojeños maintained interethnic relations with many differ-
ent societies (Denevan 1980; Plotkin 1999; Querejazu 2008)
and had built a network of tens of thousands of kilometres of
causeways on embankments that were used for travel on
foot and in combination with canoes in excavated canals at
one or both sides of these embankments during the wet
season when the savannah flooded. It is probable that these
“roads” played an important role in maintaining contacts
and alliances with other groups (Erickson 2000).

Cattle were introduced by the Jesuits in 1686 (Plotkin
1999) and up until about 1850, the Mojeños either owned
cattle or hunted the numerous wild herds that had multiplied
and roamed the savannahs, and became dependent on live-
stock for both meat and hides. At that time an increasing
demand for hides in Brazil led to massive cattle slaughter, to
which the Mojeños responded by large scale dispersion
away from the former mission posts (Lehm 1999). Starting
in 1887, the Trinitarios in response to these developments
embarked upon a series of massive migrations in search of
the “Holy Land” or Loma Santa that lasted until the 1990s1

(Riester 1976; Lehm 1999; Querejazu 2008). One of the last
major migrations in the early 1950s was triggered by rising
beef prices in the highlands and the availability of cheap
surplus United States warplanes which suddenly significant-
ly increased the commercial value of cattle in Moxos. With
the prospect of quick profit “white” ranchers indiscriminate-
ly slaughtered the remaining wild cattle as well as cattle
owned by Mojeños, threatening their livelihoods (Wagley
n.d.). Mojeños who had not migrated were faced with in-
creasing numbers of cattle ranches occupying their land
which led to the resurgence of the messianic movement
(Denevan 1963; Lehm 1999). The Trinitarios who partici-
pated in the present research opted for a full-blown tropical
forest adaptation and established themselves in TIPNIS
from the 1970s onwards as a result of one of the last major
migration waves (Thomas 2009b).

The Yuracarés, indigenous inhabitants of TIPNIS, speak
an unclassified language (Querejazu 2005). Until recently
they were semi-sedentary hunter-gatherers with limited
practise of agriculture. Their social organization was based
on large families, grouping up to ten independent nuclear
families in a highly scattered settlement pattern (Paz 1991;

Querejazu 2005). Although the first reference made to the
Yuracarés dates from 1584 (Kelm 1966; Nordenskiöld
1924), they were not contacted until 1768, and then only
marginally (Miller 1917; Richter 1930a; d’Orbigny 1958).
TIPNIS was never controlled by missionaries and as a con-
sequence the Yuracarés retained their independence and
traditional life style until the arrival of migrating Trinitarios
and highland settlers around the 1970s (Paz 1991; Querejazu
2005; 2008). This immigration coincided with the inaugura-
tion in 1970 of the road that traverses the southern part of
TIPNIS (Paz 1991; Lilienfeld and Pauquet 2005).

Research Area

TIPNIS was declared a protected area in 1965. Its 12,000 km²
area (between 16°23′–16°40′S and 65°41′–65°57′W) is cut in
half by the border separating the departments of Beni and
Cochabamba. The research area is located below 300 m.a.s.l.
between the ultimate Andean foothills and the lowland plains.
It is characterized by a warm subtropical climate with mean
annual temperature and precipitation of about 27°C and
4000 mm, respectively (Rico Pareja et al. 2005). Vegetation
largely consists of tropical old-growth forest, interspersed
with small patches of secondary forest in different stages
of succession that are the result of small-scale swidden
agriculture.2

TIPNIS is inhabited by the Yuracarés, Mojeños, Tsimane’
and Andean settlers, in relatively low population densities.
The approximately 13,000 Andean settlers live principally
along unpaved roads bordered by secondary growth vege-
tation (Rico Pareja et al. 2005). The Bolivian census of
1992–1993 recorded fewer than 5,000 indigenous inhabi-
tants in TIPNIS: 68% Mojeño, 26% Yuracaré and 4% Tsi-
mane’, 93% of whom lived in small3 dispersed communities
deeper in the forest, on high riverbanks and close to old
growth forest (Andina and Fabricano 1994). Rico Pareja et
al. (2005) reported that at the time of this research the
Mojeños and Yuracarés were still the main indigenous
groups in TIPNIS, being distributed over 53 settlements
and representing some 900 families and 5,000 inhabitants.

Research was carried out in five indigenous communities
from TIPNIS. Four of the participating communities are
situated near to the geographical centre of the park, in the
upstream area of Rio Ichoa and Rio Moleto: the Trinitario
communities of San Jose de la Angosta and El Carmen de la
Nueva Esperanza, the Yuracaré community of San Antonio
de Moleto, and the mixed community of Tres de Mayo
(Fig. 1). The fifth, the Yuracaré village of Sanandita, is

1 Although the Jesuits departed from the region in 1768, present day
Mojeños largely maintain the original missionary culture (Lehm 1999).

2 For a detailed description of the tropical forest vegetation see Navarro
and Maldonado 2002, and Thomas 2009a.
3 Only four communities had over 200 inhabitants.

Hum Ecol



located near the south-eastern border of TIPNIS on the
banks of Rio Isiboro. These communities are basically sed-
entary, but movement of houses or even entire settlements
within an area or to nearby locations is not uncommon. The
main economic activity of these communities is swidden
cultivation, principally cassava, rice and plantain, supple-
mented with fishing and hunting. Coca (Erythroxylum coca
Lam.) is grown as a cash crop to a limited extent.

Methods

Ethnobotany

Acceptance of the research project by leaders of competent
indigenous umbrella councils and the participating commu-
nities was formalized by written agreements between Ghent
University, indigenous representatives, and the Centro de
Biodiversidad y Genética from the UniversidadMayor de San
Simon, Cochabamba. These agreements represent the prior
informed consent of the indigenous communities concerned,
as well as the terms of benefit sharing (sensu the Nagoya
Protocol on Access and Benefit Sharing to the Convention
of Biological Diversity (CBD); www.cbd.int/abs/).

The results presented here are part of a comprehensive
quantitative ethnobotanical study between March 2004 and
February 2006 (Thomas 2009b). I inventoried a total of 888
different taxa during transect, walk-in-the-woods and home-
garden and swidden sampling (Thomas et al. 2007; 2009c;
Thomas 2009b; Thomas and Van Damme 2010). I identified
all collected plants with the help of several international
taxonomic specialists (see acknowledgements) and deposit-
ed them in the national Bolivian herbaria of Cochabamba
(BOLV) and La Paz (LPB).

Ethnobotanical information about sampled plant species
was gathered through in situ interviewing during transect,
walk-in-the-woods and homegarden sampling, supple-
mented with ex situ interviewing using fresh plant speci-
mens, dried specimens, and photographs (Thomas et al.
2007). Participants were comfortable with looking at photo-
graphs; during a small experiment a higher level of plant
recognition was obtained with photographs as compared to
dried vouchers (Thomas et al. 2007). A total of 26 partici-
pants provided ethnobotanical information: nine male and
three female Yuracarés, and ten male and four female Trini-
tarios. Participants were selected through peer recommen-
dations (Davis and Wagner 2003). The majority were
laypeople, but five female herbalists and midwives, one male
traditional healer and one Trinitario shaman were included.
Interviews were in Spanish since all participants were fluent.

I grouped plant uses into use categories according to
Cook’s (1995) Economic Botany Data Collection Standard.
However, following other ethnobotanical studies in tropical

forest environments (Prance et al. 1987; Phillips and Gentry
1993; Phillips et al. 1994; van Andel 2000), I classified
construction materials separately from materials. The eight
resulting use categories are: medicines; food, including bev-
erages; construction, i.e., all materials used in house and
canoe construction, and timber; materials, including crafts,
hunting gears, dyes, hygienic substances, toys, etc.; fuel;
social uses, including ritual and magical uses, smoking
materials/drugs, etc.; environmental uses, i.e., exclusively
ornamentals in the present study; and poison, including fish
poison. I adapted Cook’s (1995) classification by re-organizing
plants used as food additives under food, and plants used for
female sterility under medicine.

I assessed the usefulness of each plant species s accord-
ing to the simplified formula of Phillips and Gentry (1993):

UVs ¼
Pn

i
Uis

ns

whereby Uis equals the number of uses of species s men-
tioned by informant i and ns is the number of informants
interviewed on species s. I calculated use values for each use
category separately (i.e., medicine, food, material…) and
hereafter refer to these as categorical use values. The overall
use value of a plant species represents the sum of all categor-
ical use values for that species.

A total of 884 taxa was shown to a variable number of
Trinitario and Yuracaré participants (range: 1 to 19; average:
4.9±3.8 SD), yielding 5,315 responses (or citations) and
2,789 different plant uses. I define a response or citation
as an answer from a participant with regard to a use of a
particular plant species, and a plant use as a well-defined
use of a particular plant species for one particular goal
confirmed by one or more participants. I obtained plant
use knowledge from 1 to 10 Trinitarios and 1–9 Yuracarés
per species. On average, I interviewed slightly more Trini-
tarios (3.2±2.0SD) than Yuracarés (2.8±2.0SD) per plant
species (p<0.001; t-test). A total of 732 species was consid-
ered useful (i.e., 83% of all inventoried species) (Thomas et al.
2009c). Relatively low participant numbers per plant species
are largely due to the fact that a large number of species were
only collected in vegetative conditions during transect sam-
pling, complicating ex situ recognition by participants other
than those accompanying me during the sampling.

Participant Background

Neither age nor gender was signficant in explaining the
variation in plant use knowledge of Yuracaré and Trinitario
participants (see Thomas 2009b). No significant correlation
was found between participant age (range 22–68) and plant
use knowledge either for all participants together or for each
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group considered separately. Gender was significant only in
explaining the (expected) higher knowledge of men and
women relating to plants used in construction and for orna-
mental purposes, respectively. By contrast, ethnomedical
specialization of participants was relevant in explaining
medicinal and social plant use knowledge. Social uses in-
volve mainly magical or ritual plant uses (Thomas 2009b),
which are generally in the domain of specialists such as
healers and particularly shamans. Because all but one ethno-
medical specialists were Trinitarios, there was a bias in their
favor for the medicinal and social use categories.

Managed Plants

For each ethnic group I made a distinction between wild and
managed species. A total of 151 managed species was
recorded: 105 cultivated and 46 tolerated species (see Thomas
and VanDamme 2010). In cases where the management status
of a species was confusing because management practices
differed among members of the same ethnic group, I assigned
it to the highest hierarchical management status using the
order: wild, tolerated and cultivated. Hence, a plant that was
tolerated in home gardens by one Yuracaré participant and
considered wild by another was classified as ‘tolerated.’

One way to compare plants managed by each group is to
identify plants belonging predominantly to the cultural
sphere of either group. I hypothesized that the greater the
difference in the number of reported uses per species be-
tween groups, the more likely it is that that plant species has
a longer and/or more intensive management history among
members of either one of both ethnic groups.4

Plant Use Knowledge Diversity

I followed Begossi (1996) to compare categorical plant use
knowledge of the Yuracarés and Trinitarios for different
management statuses. Begossi applied the Shannon-Wiener
diversity index H0 ¼ �P

pi � log10 pið Þð Þ to compare the

diversity of plant use knowledge across different human
populations. This index is popular in biodiversity analysis
since it takes into account both number of species (richness)
and the evenness (equitability) of individuals per species
occurring in a sample. In addition, it is only moderately
sensitive to differences in sample size. Similar to biodiver-
sity calculations where pi is calculated as the proportion of
individuals of the ith species in a sample, Begossi (1996)
interpreted it as either (1) the number of different unique
uses of the ith species (independent of preparation/utilization
or plant part used), or as (2) the number of participants that
confirmed the use of the ith species. Calculating H’ based on
the number of participants that acknowledge category uses
per species is equivalent to measuring diversity of knowl-
edge (Benz et al. 2000). Use knowledge diversity increases
with (1) higher numbers of species considered useful by
(any) member(s) of an ethnic group or community (rich-
ness); and (2) a more even distribution of either the number
of different unique uses, or the number of participants who
report uses of these plant species (evenness). For this anal-
ysis I included only those species that were shown to at least
two participants per ethnic group. Given the moderate sen-
sitivity of H’ to sample size, I expect that the bias created by
different numbers of participants interviewed per plant spe-
cies does not substantially alter the real patterns in the data.
Since my dataset drew upon a limited number of informants,
the results are valid for the five participating TIPNIS commu-
nities but should not be extrapolated to Yuracaré or Trinitario
societies as a whole.

Calculation of H’ and related t-test comparisons were
performed in PAST programme (Hammer et al. 2007). SPSS
12.0 was used for performing all other statistical tests,
including t-tests, χ²-tests, Mann–Whitney tests and Kruskal
Wallis tests.

Results

Overall Patterns in Plant Use Knowledge

Yuracarés identified more useful species (597 species) than
Trinitarios (554 species) (Fig. 2). In total 463 plant species
were considered useful by members of both ethnic groups
(i.e., 52% of the pooled total number of species). More
importantly, Trinitarios had knowledge of the medicinal
and material properties of a higher number of species,
whereas Yuracarés knew more edible plant species, inde-
pendently of management status (Fig. 2).

Use data for wild species provided by Trinitarios
yielded higher mean medicinal, material, fuel and social
use values as compared to Yuracarés (Table 1). On the
other hand, the more extensive knowledge of Yuracarés
about wild food plants is reflected in a mean food use

4 I acknowledge this is a challenging position. First of all, plant use
knowledge is dynamic. Knowledge is transferred between members of
the same or different ethnic groups, and new applications of plants are
frequently being “discovered” (Milliken and Albert 1997; van Andel
2000; Perrault-Archambault and Coomes 2008; Thomas and Van
Damme 2010). A second critique is the possibility that one or the other
group simply has more use applications for certain plant species
cultivated by both over generations. For example, tobacco (Nicotiana
tabacum L.) and ginger (Zingiber officinale Roscoe) have far more
diversified uses among Trinitarios than among Yuracarés even though,
early ethnographers noted their cultivation by Yuracarés (Von Holten
1877; Nordenskiöld 1924). The method of subtracting uses is addi-
tionally subject to bias related to the number and background of the
participants who provide use data. Clearly a more ideal approach
would also have included a linguistic assessment of indigenous plant
names (cf. Leonti et al. 2003), but this was beyond the scope of this
study.
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value that is more than twice as high as that of the Trinitarios
(0.24 vs. 0.11).

Trinitarios managed slightly more species (131 species)
than Yuracarés (115). Also the mean overall use value of
managed species is significantly higher for Trinitarios than
for Yuracarés (Table 2), mainly due to the higher mean
medicinal use value of plant species they managed. All other
mean categorical use values have equal scores for both
groups. It is interesting to note here that all the medicinal
plants that were managed by Yuracarés in home gardens and
swiddens (40 species) were also managed by Trinitarios
(101 species). Of all managed plants, 96 and 88 different
species (82 species overlapping) were reported cultivated by
Trinitario and Yuracaré participants, respectively. Categori-
cal mean use values of cultivated plants follow an almost
identical trend as managed species (Table 2), but the actual
values are higher. Trinitarios and Yuracarés tolerated 35

and 25 species (with 22 overlapping), respectively. Likewise,
mean categorical use values of tolerated plants follow the
same trend as managed plants, with the exception that plants
tolerated by Yuracarés have a higher mean food use value than
plants tolerated by Trinitarios (p<0.01, Mann–Whitney).

Thirty-three cultivated and two tolerated plant species
(representing 31% of all cultivated and 23% of all managed
species, respectively) are introduced from the Old World
(Eurasia and Africa). Introduced plants make up about one
third of cultivated food or medicinal plants, both for Yuracarés
and Trinitarios, but the Trinitarios use more than three times as
many introduced species as medicines than Yuracarés (26 vs.
8 species).

The proportion of wild food plants on the total number of
edible species known by Yuracarés (72%) is significantly
higher than for Trinitarios (55%) (χ²06.23, p00.01). Simi-
larly, although Trinitarios clearly used more medicinal

Fig. 2 Numbers of plants used for all combinations of use category and management status

Table 1 Mean use values and standard deviations for Yuracarés and Trinitarios of wild plants for different use categories; highest values are
marked in bold

UVs UVme UVfo UVma UVc UVfu UVe UVso UVp

Trinitarios (N0573) 1.01±0.92 0.22±0.46 0.11±0.35 0.16±0.27 0.22±0.45 0.25±0.37 0.01±0.06 0.02±0.11 0.004±0.063

Yuracarés (N0637) 0.99±0.88 0.16±0.47 0.24±0.31 0.12±0.40 0.22±0.37 0.21+0.35 0.01±0.05 0.01+0.06 0.005±0.053

significance NS *** *** *** NS ** NS *** NS

UVs overall use value; UVme medicinal component; UVfo food component; UVma materials component; UVc construction component; UVfu fuel
component; UVe environmental uses (i.e. ornamental use) component; UVso social uses component; UVp poison component

*** 0 p<0.01; ** 0 p<0.05; NS not significant (Mann–Whitney tests)
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species than Yuracarés (282 vs. 186 species), the latter had
proportionally higher knowledge of the wild medicinal flora
than the former (78% versus 64%, respectively; χ²04.76,
p00.03).

Use Knowledge Diversities

Shannon-Wiener (H′) use knowledge diversity values based
on numbers of participants confirming categorical uses of
species are significantly higher for Trinitarios than for Yur-
acarés for all management statuses in the categories of
medicines, fuel and social uses (p<0.001 in all cases; t-

tests; Fig. 3). By contrast, overall use knowledge diversity
of wild plants is significantly higher for Yuracarés (5.74)
than for Trinitarios (5.62) (p00.001, t-test). This is because
Yuracaré participants named a greater number of useful wild
species than Trinitarios (362 vs. 331 species) and these uses
were confirmed by a more even number of participants as
compared to Trinitarios (evenness 0.86 vs. 0.83). Also, the
diversity of food use knowledge of all plants pooled togeth-
er is considerably higher for Yuracarés (5.20) than for Tri-
nitarios (4.86) (p<0.001, t-test). This is basically the
consequence of the higher H′ obtained for wild food plants
(4.97 vs. 4.43; p<0.001, t-test).
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Fig. 3 Shannon-Wiener index representing the diversity of use knowl-
edge based on numbers of participants confirming categorical plant
uses. Trinitario use knowledge diversity is significantly higher than or
equal to that of Yuracarés for all, except three management and use

category combinations. As indicated by the arrows, Yuracarés score
significantly higher for overall use knowledge diversity of wild plants
and food use knowledge diversity of wild plants and all plants

Table 2 Mean use values and standard deviations for Yuracarés and Trinitarios of managed plants for different use categories; highest values are
marked in bold

UVs UVme UVfo UVma UVc UVfu UVe UVso UVp

Trinitarios (N0131) 1.86±1.17 0.83±0.76 0.46±0.65 0.27±0.60 0.09±0.33 0.07±0.19 0.07±0.23 0.05±0.15 0.02±0.14

Yuracarés (N0115) 1.32±0.83 0.23±0.40 0.53±0.58 0.28±0.58 0.07±0.28 0.03+0.12 0.11±0.28 0.04+0.17 0.02±0.12

significance *** *** NS NS NS NS NS NS NS

UVs overall use value; UVme medicinal component; UVfo food component; UVma materials component; UVc construction component; UVfu fuel
component; UVe environmental uses (i.e. ornamental use) component; UVso social uses component; UVp poison component

*** 0 p<0.01; NS not significant (Mann–Whitney tests)
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Figure 4 is based on the number of different individual
uses per plant species reported by members of each ethnic
group. H′ is higher for Trinitarios than for Yuracarés for most
combinations of use categories and management statuses.
However, significantly higher use knowledge diversity values
were obtained for Yuracarés for (1) all plant species together
(6.08 for Trinitarios and 6.19 for Yuracarés; p00.03, t-test)
and (2) wild plant species (5.84 for Trinitarios and 6.01 for
Yuracarés; p<0.001, t-test) (Fig. 4). Yuracaré food use knowl-
edge diversity is also significantly higher than that of Trinitar-
ios for (3) all species taken together (5.55 vs. 5.10; p<0.001,
t-test); (4) wild species (5.36 vs. 4.80; p<0.001, t-test), and (5)
tolerated species (1.89 vs. 1.10; p<0.05, t-test).5

In sum, Yuracarés had higher knowledge about useful
wild species than Trinitarios, who were clearly more
knowledgeable about managed plant species. Yuracarés
particularly knew the edible wild flora better, whereas
for Trinitarios higher medicinal use knowledge diversity
values were obtained for both managed and wild plants.

For other use categories, participants from both ethnic
groups showed comparable levels of knowledge diversi-
ty. Nonetheless, generally higher levels of participant
consensus and higher numbers of uses per species were
obtained for Trinitarios than for Yuracarés.

Typical Yuracaré and Trinitario Plants

During interview sessions on managed plant species, certain
plant species were frequently claimed as being a part of the
cultural sphere of either ethnic group. For example, Phyllan-
thus brasiliensis (Aubl.) Poir. ssp. glaber (Pax & K.Hoffm.)
and Tephrosia vogeliiHook.f. are two shrub species cultivated
for the ichthyotoxic properties of their leaves. Although both
plants were observed growing in gardens of both groups, the
former species was recognized as a Trinitario plant and the
latter as a Yuracaré plant, which is intriguing since T. vogelii
was introduced from Africa (Mabberley 1990).

To distinguish between plants that are more typically
cultivated in Yuracaré and Trinitario home gardens and/
or swiddens, respectively, I compared the number of uses
for each species reported by participants from each
group. Despite the drawbacks discussed earlier, this com-
parison uncovers the remarkably higher usefulness Trinitarios

5 The fact that comparable results were obtained from both ways of
calculating use knowledge diversity corroborates my earlier presump-
tion that the bias created by different numbers of participants inter-
viewed per plant species would not substantially alter the real patterns
available in the data.
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Fig. 4 Shannon-Wiener use knowledge diversity based on the numb-
ers of different unique uses per plant species. Trinitario use diversity is
significantly higher than or equal to that of Yuracarés for all except five
management and use category combinations. As indicated by the

arrows, Yuracarés score significantly higher for overall use diversity
of wild plants and all plants, as well as for food use diversity of
tolerated, wild plants and all plants
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attributed to a far larger number of cultivated plants (68
species) as compared to Yuracarés (14 species). Trinitarios
attributed more uses to 20 introduced species, whereas
Yuracarés to only two species.

The difference in knowledge of cultivated species is even
more apparent for medicinal plants. Trinitarios knew more
medicinal uses for 62 cultivated species versus four for
Yuracarés. Fifteen of the medicinal plants for which Trini-
tarios mentioned more uses are introduced species, whereas
Yuracarés mentioned more uses for only one introduced
species.

The list of cultivated plants with more diverse food uses
in each ethnic group is much more limited. Trinitario par-
ticipants named more food uses than Yuracarés for ten
species, of which four are introduced. The food application
of these plants was also known to Yuracarés but it was less
diverse. For example, while Yuracarés mentioned only eat-
ing the sweet seed coat of cacao (Theobroma cacao L.),
Trinitarios reported also preparing refreshing drinks and
vinegar from the seed coats, and processing the seeds into
chocolate drinks. Yuracarés assigned more diverse food uses
to six species, two of which are introduced. For tolerated
plants, much the same pattern is observed. Of the plants
tolerated by Trinitarios, nearly six times more species have a
superior number of overall uses as compared to Yuracarés
(29 vs. 5 species, respectively). For tolerated medicinal
plants, this factor rises to almost nine.

Discussion

Results suggest that Yuracarés rely significantly more on the
natural environment for extraction of medicinal and food
plants than Trinitarios, who have greater knowledge of
managed plants. In terms of numbers of useful species, the
Trinitarios have superior knowledge of medicinal plants,
while the Yuracarés are much more knowledgeable about
edible plants. I hypothesize that these differences are related
to the following factors: (1) cultural heritage, customs and
practices; (2) ethnomedicinal system; (3) mode of subsis-
tence; (4) provenance; (5) history of contact with Western
society; and (6) modernization and social position.

Cultural Heritage and Current Cultural Practices

The uses of certain plants by indigenous cultures are deter-
mined by cultural factors (Heinrich et al. 1998; Leonti et al.
2003; Pieroni and Quave 2005; Thomas et al. 2008). For the
Yuracarés and Trinitarios a good example concerns the
epiphytic orchid Gongora scaphephorus Rchb.f. & Warsz,
which is used by the Trinitarios to treat swellings and
furuncles (Thomas and Vandebroek 2006), but avoided by
the Yuracarés as they believe sorcerers use it for black

magic. Several studies have shown how cultural background
also influences the composition of plants managed in home
gardens (e.g., Rico-Gray et al. 1990; Perrault-Archambault
and Coomes 2008). For example, Marsdenia macrophylla
(Schult.) E. Fourn. is occasionally cultivated by Yuracarés
for its stem fibres that are used to attach feathers to arrow
shafts (Fig. 5) while Trinitario use other plants for this
purpose like cotton thread. Thevetia peruviana (Pers.) K.
Schum., on the other hand, is cultivated only by Trinitarios,
who use its fruits to make foot-rattles for traditional dances
of the Macheteros (Fig. 6).

Some specific plant uses reflect a particular worldview and/
or ontology. The Trinitarios believe that all animal and many
plant species are owned by species-specific spiritual masters
(Querejazu 2008; Thomas et al. 2009d). For example, ‘chosí-
jare (the hallucinogenic Brugmansia suaveolens (Willd.)
Bercht. & J. Presl), is believed to be owned by an old man
who grants human beings supernatural powers after they
ingest a preparation of the flowers and/or leaves of the plant.
In addition to a hallucinogen, they use B. suaveolens for a
number of pharmacological applications. The Yuracarés do
not use this plant as a hallucinogen, but, like the Trinitarios,
they do use it to treat muscle pains (Thomas and Vandebroek
2006). This suggests that B. suaveolens has a longer manage-
ment history among the Trinitarios and that the Yuracarés
might have adopted this application from them.

Ethnomedical System

The Trinitario people have a more developed and specialised
ethnomedical system than Yuracarés, which partly explains

Fig. 5 Yuracaré male manufacturing arrows for hunting
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their knowledge of a higher number of medicinal plants. In the
Trinitario ethnomedical systems different health conditions
are often cured by different health specialists, leading to a
higher overall knowledge of medicinal plants. While Trini-
tario shamans mainly use spiritual powers for healing,
herbalists and traditional healers, such as midwives and bone-
setters, predominantly use empirical medicine largely based
on medicinal plants to treat their patients (see also Thomas et
al. 2011 for the role of shamans in Trinitario traditional
medicine). On the other hand, while there are a number of
references to the ample knowledge of medicinal plants among
the Yuracarés in the past (Lacueva 1918; Richter 1930b;
d’Orbigny 1958; Querejazu 2005) these authors do not speci-
fy whether they made a distinction between shamans and
herbalists. Hirtzel (2010) describes the traditional healing
practices of Yuracaré shamans, but these predominantly
entailed rituals focused on settling personal or group imbal-
ances with the spiritual realm in which the use of medicinal
plants was rather marginal. He adds that at present there are no
practicing shamans. In all the participating Yuracaré commu-
nities, there was only one female participant who reported
acting as a midwife in her community. Many Yuracarés actu-
ally consulted Trinitario healers when their own remedies
were insufficient.

Mode of Subsistence

Mode of subsistence has consequences not only for the
overall number of plants managed, but also for the breadth
of indigenous pharmacopoeias. It has been postulated that
cultivating societies maintain significantly larger pharmaco-
poeias than their foraging counterparts due to the wider

range of illnesses (especially viral diseases) (Brown 1985;
Voeks 2004) and because higher population densities favour
the rapid spread of epidemics (Alchon 1991; Voeks and
Sercombe 2000). With their high population densities and
livelihood dependency on cattle introduced by Jesuits, the
Trinitarios would hence have been particularly vulnerable to
infectious diseases. It is likely that this higher exposure to
disease stimulated the development of both the larger phar-
macopoeia and the specialized ethnomedical system of the
Trinitarios.

By contrast, the organization of Yuracaré society,
based on large families and characterised by low popu-
lation densities, probably meant that they were generally
healthier and less vulnerable to infectious diseases, and
hence made limited use of medicinal plants (Voeks and
Sercombe 2000). In addition, this might also account for
their generally fewer numbers of uses per plant. As Balée
(1994) argued: “the lack of agriculture among foragers in
Amazonia implies much more than a lack of domesti-
cates per se. In ethnobotanical terms, it means fewer uses
for plants also.”

Provenance

The provenance of the Yuracarés and Trinitarios has a
significant effect on their plant knowledge and management.
Since Yuracarés are indigenous in TIPNIS, local plant use
knowledge has been developed and passed on over gener-
ations. Given the significant altitudinal (±200–1500 masl.;
Rico Pareja et al. 2005) and ecological variation across their
extensive territory, their semi-nomadic lifestyle relied on a
profound knowledge of the wild flora (cf. Milliken and
Albert 1997). The Trinitarios, on the contrary, have more
limited experience with the high forest vegetation of
TIPNIS, which is quite different from the vegetation of
their homeland in the Moxos plains (Navarro and
Maldonado 2002).

As a basically sedentary people with advanced agricul-
ture, the Trinitarios brought part of their society’s plant
repository from Moxos, as well as a number of other useful
plant species they accumulated during the many years of
peregrinations throughout the Bolivian lowlands preceding
their arrival to TIPNIS (Thomas 2009b). The Yuracarés, on
the other hand, most likely did not acquire and/or maintain
an extensive repository of cultivated plants because the
movement of settlements associated with a semi-nomadic
lifestyle tends to result in the loss of cultivates (Balée 1994).
Through recent decades of interchange, the Yuracarés have
probably learned about the uses of some of the plants
cultivated by the Trinitarios and adopted them in their
own homegardens. My results suggest that this process is
on-going.

Fig. 6 Trinitario male performing the dance of the macheteros
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History of Contact

There is increasing evidence supporting the hypothesis that
the longer the history of contact of a community with
western civilisation, the higher the number of medicinal
plants used, as well as the higher number of ailments treated
(Prance 1972; Davis and Yost 1983; Balée 1994; Milliken
1997; van Andel 2000; Voeks and Sercombe 2000; Thomas
et al. 2008). The underlying assumption is that a lower
degree of contact is associated with a better nutritional status
as well as with a lower level of diseases afflicting a society
(Davis and Yost 1983; Balée 1994; Milliken 1997; Voeks
and Sercombe 2000; Voeks 2004; Izquierdo 2005). Pre-
Colombian America lacked many contagious diseases of
the Old World such as measles, smallpox, bubonic plague,
cholera and influenza (Alchon 1991), and early reports
mentioned numerous indigenous societies composed of
strong and healthy people (Clement 1999). Ethnobotanical
research among recently contacted forager groups has con-
firmed that their principal health issues were related to basic
parasitic-type infections and a narrow range of bacterial
diseases (Davis and Yost 1983; Voeks and Sercombe 2000;
Voeks 2004). At the same time, research has shown that the
number of medicinal plants recognized and used depends on
the length of time a group has been exposed to introduced
diseases, and the seriousness of the health consequences of
these epidemics (Milliken 1997). The longer the contact the
more ample the pharmacopoeias developed among indige-
nous groups (Balée 1994). This corroborates my finding that
the pharmacopoeia of the Trinitarios, who have a long
history of intense intercultural contacts, was significantly
larger than that of the Yuracarés, who were much more
isolated and have a far more recent contact history. An
interesting note in this respect is that according to the reports
of early ethnographers, the Yuracarés avoided as much as
possible all contact with Caucasians, Mestizos and Andean
people, whom they considered to be carriers and spreaders
of disease (Hirtzel 2010).

An additional consequence of intercultural contacts is
that “new” (exotic) cultivated plants were introduced into
existing indigenous repositories of useful plants (Milliken
1997; van Andel 2000; Begossi et al. 2002; Voeks 2004;
Miller and Nair 2006; Albuquerque et al. 2008). Most plants
were introduced originally as foods or ornamentals and
relatively few for their exclusive medicinal value. Through
an on-going process of ethnomedical experimentation, the
medicinal potentials of many ornamentals and food plants
were and likely still are being “discovered” (Bennett and
Prance 2000; Albuquerque et al. 2008; Thomas and Van
Damme 2010). As a result, the pharmacopoeias of societies
with long contact histories contain numerous introduced
plant species (Voeks 2004; Thring and Weitz 2006). This
again corresponds with the finding that Trinitarios use more

than three times as many introduced medicinal plants than
Yuracarés. The corollary to this is that longer contact with
the western world and its food culture also results in less
dependence of wild food resources (Davis and Yost 1983;
Ladio 2001), which contributes to explaining the lower
food plant knowledge of the Trinitarios compared to the
Yuracarés.

Modernization and Social Position

Although the participating Yuracarés and Trinitarios are still
knowledgeable about useful plants available in their living
environments, much of their traditional knowledge is no
longer transmitted to the younger generation. As these soci-
eties become more involved in the market economy (mainly
through contacts with highland settlers) people tend to re-
place traditionally used plants by cultivated or market-based
consumer goods.

However, during this study I also observed how the
relative social position of a group can be important in
explaining rates of modernization. In TIPNIS, moderniza-
tion seemed to be occurring at a higher rate among the
Yuracarés than among Trinitarios. Most Yuracaré children
now only learn to speak Spanish, while nearly all Trinitario
children from the participating communities first learned to
speak Trinitario before they started learning Spanish. Fur-
thermore, traditional Trinitario customs, such as the mache-
teros dance (Fig. 6) and shamanistic healing techniques,
described by early ethnographers and missionaries, are still
actively practiced (Thomas et al. 2011). Higher moderniza-
tion rates among the Yuracarés partly relate to the fact that
they were somewhat marginalised by many Trinitarios and
highland settlers, and considered as ‘savages of the forest’
because of their traditional semi-nomadic lifestyle.6 The
Trinitarios and Andean settlers also showed a stronger social
cohesion, which is likely due to the dominant positions both
societies historically occupied in the Bolivian highlands and
lowlands, respectively. As a consequence, the Yuracarés
often felt ashamed to express their culture, resulting in a
decreasing use and cross-generational transmission of tradi-
tional knowledge and cultural practices.

Conclusions

Although contemporary Yuracarés are semi-sedentary, their
ethnobotanical knowledge system still seems to partly cor-
respond to that of semi-nomadic foragers. Similarly, the
ethnobotanical knowledge system of the Trinitarios largely
reflects their legacy of one of the most advanced pre-
Colombian agricultural societies. Since their migration to

6 This may also be part of the reason why Trinitarios showed little
interest in learning about wild fruit plants from the Yuracarés.
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TIPNIS, the Trinitarios have adapted to life in a high forest
environment and have assimilated knowledge about the
usefulness of an impressive number of plant species that
were not available in their original homeland area.

Both the Yuracarés and Trinitarios have drawn on each
other’s ethnobotanical knowledge to their mutual benefit. It
is likely that the Trinitarios’ swift adaptation to their new
living environment in TIPNIS is partly due to the fact that
they could rely on knowledge and experience concerning
the use and management of the local flora, built up by the
Yuracarés over generations. The Yuracarés in turn, have been
able to take advantage of the Trinitarios’ stronger tradition in
plant breeding and traditional medicine, allowing them to
cope more effectively with changing patterns in their diet
and the illnesses that likely accompanied their transition to a
semi-sedentary lifestyle. Knowledge exchange and transfer
between Yuracarés and Trinitarios is on-going, although at
different rates in different knowledge domains. Further re-
search is needed to provide a better understanding of the
dynamics and factors controlling exchange and transfer of
knowledge between both groups.
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