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Valuation of Forests and Plant Species in Indigenous Territory and National Park Isiboro-
Sécure, Bolivia. A quantitative ethnobotanical study was conducted in Indigenous Territory and
National Park Isiboro-Sécure (TIPNIS), Bolivia, to assess the usefulness assigned by local Yuracaré
and Trinitario ethnic groups to different terra firme and floodplain forests. Furthermore, we
investigated which variables are good predictors for the use value attributed to plant species in
the research area. Plants were collected during transect, walk-in-the-woods and homegarden
sampling. Ethnobotanical and ethnoecological data of the inventoried plants were obtained
from 12 Yuracaré and 14 Trinitario participants through semistructured interviews. On average,
84% of species in transects were claimed to be useful to people. The understorey (2.5 cm≤dbh
<10 cm) of the sampled forest types contained more useful species than the overstorey (dbh≥
10 cm), particularly for species with a medicinal and/or social use function. The local use value
of plant species can be predicted, in part, from their botanical family, growth form, density,
frequency, mean and maximum dbh, and ecological importance value. Our data confirm the
hypothesis that density and frequency of plants in the landscape are both related to perceived
plant accessibility. Accessibility of plants partly seems to guide their usefulness in TIPNIS. Indi-
genous assessment of accessibility and abundance of plants also covaried with their perceived
usefulness and therefore has a potential for uncovering patterns in the perceived utility of plants.

Key Words: TIPNIS; 0.1-ha transects; quantitative ethnobotany; Yuracaré; Trinitario; Mojeño;
use value; accessibility.

Introduction
Ethnobotanical research in combination with

quantitative ecological sampling methods that
make use of plots or transects has gained
considerable importance over the past twenty
years. Such quantitative ecological and ethnobo-
tanical data have been used to calculate the
proportion of useful plant species over available
species (De Walt et al. 1999; Galeano 2000;
Prance et al. 1987; Thomas et al. 2008; van
Andel 2000) and to distinguish “more useful”
vegetation types from others (Phillips et al. 1994;
Thomas et al. 2009b). Obviously, a particular

vegetation type owes its overall perceived plant
usefulness to the variable usefulness of the plant
species it contains. Some plant species are clearly
considered more useful than others by local
people. Ethnobotanists have frequently linked
plant usefulness to a number of phylogenetic,
physical, ecological, physiognomic, and organo-
leptic parameters (Galeano 2000; Lawrence et al.
2005; Phillips and Gentry 1993b; Thomas et al.
2009a, b; Voeks 2004). For example, it is a
widely accepted notion that people are more
likely to learn, name, and use those plants that are
more accessible and/or salient to them (Adu-Tutu
et al. 1979; Byg et al. 2006; Lawrence et al. 2005;
Moerman et al. 1999; Phillips and Gentry 1993b;
Thomas et al. 2009a, b; Torre-Cuadros and
Islebe 2003; Turner 1988; Voeks 2004). This
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kind of ethnobotanical data can enhance our
understanding of human-environment interac-
tions and help design more efficient biodiversity
management and conservation plans (Galeano
2000; Phillips et al. 1994).
In this paper, we present the results of a

quantitative ethnobotanical investigation that was
undertaken in Indigenous Territory and National
Park Isiboro-Sécure (TIPNIS), Bolivia, in order
to (1) investigate the usefulness local Yuracaré
and Trinitario communities assign to four locally
occurring forest types, and (2) examine which
variables are good predictors for the use value
attributed to plant species in TIPNIS.

Methods
RESEARCH AREA

Research was conducted at two different sites
in the southern part of TIPNIS. The park was
declared a protected area in 1965. Its 12,000 km2

surface area (between 16°23′–16°40′S and 65°
41′–65°57′W) is cut in half by the still
inaccurately-defined frontier that separates the
Bolivian departments of Beni and Cochabamba.
The first study site was situated near the
geographical center of TIPNIS, in the upstream
area of Rio Ichoa and Rio Moleto (Fig. 1), near
the Trinitario and Yuracaré communities of El
Carmen de la Nueva Esperanza, San Jose de la
Angosta, Tres de Mayo, and San Antonio de
Moleto. The second study site was located near
the southeastern margin of TIPNIS at the Yuracaré
village of Sanandita, on the banks of Rio Isiboro.
The research area is characterized by a warm
subtropical climate with mean annual temperature
and precipitation of about 27°C and 4,000 mm,
respectively (Rico Pareja et al. 2005). A detailed
description of the tropical forest vegetation is
provided in Thomas (2009) and Navarro (2002).
The Yuracaré speak an unclassified language.

In origin, they were hunter-gatherers with limited
practice of agriculture. TIPNIS is one of their
original habitats (Querejazu 2005). The Trinita-
rios (a subgroup of the Mojeños) belong to the
Arawak language family (Rico Pareja et al. 2005).
In the Bolivian municipality of Moxos (Beni
department), the Mojeños reached a high level of
development in pre-Columbian times. From the
nineteenth century onwards, many Trinitarios
migrated from Moxos in search of the Holy Land
(Loma Santa) as a response to land pressure
problems in their homeland area, and ended up

in TIPNIS. The participating Trinitario commu-
nities were established from the 1970s onward.

ECOLOGICAL SAMPLING

During several fieldwork periods between
October 2004 and June 2005, four 0.1-ha trans-
ects consisting of ten 2×50 m2 transects, were
laid out in the southern part of TIPNIS (Thomas
2009). Two transects were located in terra firme
forest in the surroundings of El Carmen and San
Antonio, respectively (Fig. 1). The other two
transects were established in floodplain forests
near El Carmen and Sanandita, respectively. All
plants with a stem diameter at breast height (dbh)
of ≥ 2.5 cm and rooted within the transect area
were included in the sample. A detailed
description of the results from this sampling is
provided in Thomas (2009). Data on size,
frequency, and density of trees, shrubs, lianas,
and hemi-epiphytes were gathered by measuring
stem diameters of 1,564 stems ≥ 2.5 cm dbh
belonging to 447 (morpho)species in the four
0.1-ha forest transects.
According to a recently developed detailed map

of Bolivian vegetation based on international
standards (Josse et al. 2007), the two terra firme
forests we sampled belong to the southwestern
Amazon subandean evergreen forests that are
characterized as dense, tall, and multistratified
Amazonian forests with some Yungas elements,
highly diverse in angiosperms and poorly studied.
From a local perspective, these forests correspond
to the Chapare upland Amazonian rainforest
(Navarro 2002), which constitutes the local
potential climax vegetation with a canopy height
of 25–30 m covering 75% of the surface with
emergent trees of up to 40 m. The understorey
consists of two tree layers, one 15–18 m high,
covering 40%, and another about 10 m high,
covering 60%. Beneath these understorey layers, a
shrub layer of 2–4 m prevails, covering 75% of
the surface area, and a herb layer of 0.5–1 m
high, covering 60%.
The floodplain we sampled in the vicinities of

Sanandita belongs to southwestern Amazon white-
water floodplain forests, which are seasonally
flooded by waters carrying loads of sediments,
and that develop in the (sub-)recent alluvial plains
of the southwestern Amazon (Josse et al. 2007).
Locally, this ecological system corresponds with
the Chapare Varzea forests described by Navarro
(2002). Finally, the Carmen floodplain transect

230 ECONOMIC BOTANY [VOL 63



was laid out in southwestern Amazon piedmont
forest, which is an assemblage of several types of
forests developed on the alluvial glacis of the
eastern piedmont of the Andes, primarily on well-
drained topsoils but with poor drainage or a high
water table in the subsurface zone (Josse et al.
2007). The combination of upland (i.e., terra
firme) species together with species from the
white-water floodplains is characteristic of this
ecological system. Navarro (2002) classified it as
Preandean Amazonian Chapare wetland forest.
This forest type is characterized by the coexis-
tence of species from Chapare upland Amazonian
rainforest and the seasonally flooded Chapare
Varzea forests. The families with highest ecological
importance values in each of the sampled forest
transects are listed in Table 1 (adopted from
Thomas 2009).

Between March 2004 and February 2006,
numerous plant collection trips were undertaken
in the research area. During walk-in-the-woods,
participants were encouraged to actively lead field
trips and seek out useful plants they use and/or
know (Phillips and Gentry 1993a). A substantial
number of plants were additionally gathered in

homegardens and swiddens. Altogether 441 species
were inventoried exclusively during walk-in-the-
woods and homegarden sampling.

All collected plants were identified by the first
author with the help of international taxonomic
specialists and deposited in the national Bolivian
herbaria of Cochabamba (BOLV) and La Paz
(LPB).

ETHNOBOTANY

Ethnobotanical and ethnoecological informa-
tion about sampled plant species was recorded
according to the techniques described in Thomas
et al. (2007). This included in situ interviewing
during transect, walk-in-the-woods, and home-
garden sampling, and ex situ interviewing using
fresh plant specimens, dried specimens, and
photographs. A total of 26 participants provided
ethnobotanical information: 9 male and 3 female
Yuracarés, and 10 male and 4 female Trinitarios.
Participants were selected through peer recom-
mendations (Davis and Wagner 2003). The
majority were lay people, but also included were
five female herbalists and midwives, one male
traditional healer, and one shaman. Most of the

Fig. 1. Location of the participating indigenous communities (study site 1: El Carmen, Tres de Mayo, San
Antonio and San Jose; study site 2: Sanandita) in TIPNIS (grey area), Bolivia (map elaborated with DIVA-GIS;
http://www.diva-gis.org).
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medicinal plant specialists were Trinitarios who
still activily engage in shamanistic curing rituals
(Thomas et al. 2009c).
Plant uses were grouped into categories accord-

ing to Cook’s (1995) Economic Botany Data
Collection Standard. However, in line with other
ethnobotanical studies in tropical forest environ-
ments (Boom 1987; De Walt et al. 1999;
Galeano 2000; Phillips and Gentry 1993a;
Phillips et al. 1994; Prance et al. 1987; van
Andel 2000) and for reasons of comparison,
construction materials were classified separately
from materials. The latter are categorized in most
other studies as “handicrafts.” The eight resulting
use categories are: medicines, including human
and veterinary medicines; food, including bever-
ages; construction, i.e., all materials used in house
construction, timber and species used for manu-
facturing canoes; materials, including handicrafts,
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. Cook’s
classification (1995) was adapted by reorganizing

plants used as food additives under food, and
plants used for female sterility under medicine.
The usefulness of individual plant species was

assessed by calculating use values as proposed by
Phillips and Gentry (1993a). Categorical use values
were obtained by averaging for each use category
(i.e., medicine, food, material…) the number of
uses of each plant species by all interviewed
Yuracaré and Trinitario participants. The overall
use value of a plant species represents the sum of
all categorical use values for that species. A total
of 884 species from the entire plant inventory
(i.e., from transects, walk-in-the-woods, and home-
gardens) was shown to a variable number of
participants (range: 1 to 19), with an average of
approximately five (4.9±3.8) participants per spe-
cies. Collected plants were shown to all partic-
ipants, to the extent possible. Hence, plants
collected in the second study site were presented
to participants from the first study site and vice
versa. One hundred and fifty-two (152) species had
no use at all. Thus, a total of 732 useful species was
recorded (i.e., 83% of all inventoried species).
Vernacular names (Spanish, Yuracaré, and/or Tri-
nitario) were recorded for the majority of useful

Table 1. COMPARISON OF THE TEN FAMILIES WITH HIGHEST FAMILY IMPORTANCE VALUES (FIV) (IN BOLD) FOR

EACH OF THE FOUR 0.1-HA TRANSECTS. THE FIV WAS CALCULATED AS THE SUM OF ITS RELATIVE DIVERSITY, ITS

RELATIVE DENSITY, AND ITS RELATIVE DOMINANCE (MORI ET AL. 1983).

Terra firme (Carmen) Terra firme (San Antonio) Floodplain (Carmen) Floodplain (Sanandita)

Annonaceae 5.9 6.1 8.3 11.5
Arecaceae 18.2 12.4 9.9 14.2
Celastraceae 8.2 6.8 8.1 3.8
Chrysobalanaceae 10.6 10.8 3.5 6.9
Ebenaceae 10.0
Elaeocarpaceae 4.3 6.1 8.0 14.6
Euphorbiaceae 22.6 10.1 47.7 25.6
Fabaceae 22.7 17.6 21.4 16
Lauraceae 9.5 16.9 3.6 3.5
Lecythidaceae 7.6 11.1 3.4 10.9
Malvaceae 5.7 5.6 2.8 13.6
Meliaceae 6.2 8.7 8.7 5.3
Moraceae 20.3 17.6 26.0 14.1
Myristicaceae 7.5 13.0 6.4 9.4
Myrtaceae 10.8 7.1 6.0 2.9
Salicaceae 12.7 2.5 8.2 2.4
Sapotaceae 16.4 18.6 12.7 12.2
Siparunaceae 4.2 14.6 2.6 3.9
Ulmaceae 1.9 2.8 2.3 12.0
Urticaceae 0.8 15.9 3.0 7.5
Violaceae 10.0 13.3 5.2 14.7
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species (686 species; 94%), whereas most of the
“useless” species were nameless (133 species; 88%).

In the following analysis, it is presumed that
0.1-ha transects are representative samples of the
respective forest types. We compared the useful-
ness of different forest types as perceived by
Yuracaré and Trinitario participants, based on (1)
percentages of useful species in transects, (2)
averaged use values per stem (cf. Phillips et al.
1994), and (3) summed categorical use values of
all stems in transects. The use categories environ-
mental uses and poison were not taken into
account here because they contain only a few
plant species.

Use values of individual species were compared
to a number of variables, including the following:
(1) classification at the family level; (2) growth
form; (3) average plant density across four 0.1-ha
transects; (4) plant frequency in 40 component
0.01-ha transects; (5) average and maximum stem
diameter in four 0.1-ha transects; and (6) species’
ecological Importance Values (IV). Analyses of
the first two variables were based on the entire
plant inventory, whereas all other analyses were
solely based on the transect data set. IVs were
calculated as the sum of the relative density,
frequency, and dominance (i.e., basal surface) of
species (Curtis and McIntosh 1951). An overview

of the species with highest IVs in the four
sampled forest transects is provided in Table 2.

It is often presumed in the literature that
density and/or frequency of plants in the land-
scape are related to (perceived) plant accessibility
to people (e.g., Byg et al. 2006; Phillips and
Gentry 1993b). However, to the best of our
knowledge this assumption has rarely been tested.
We evaluated the validity of this supposition by
systematically asking participants to assess acces-
sibility of plant species by answering the following
question: “Is this plant easy to find or do you
have to look for it?” Answers were coded in a
binary format, whereby “1” represents easy access
and “0” the opposite. Next, participants’ judg-
ments were evaluated per species, and only those
species that were perceived as easy to find by
more than half of all interviewed participants
were classified as “easily accessible” (at least three
participants per species). A similar procedure was
followed for classifying plants that were perceived
as difficult to find. Our data related to 96 species
for which both accessibility data assessed by
participants and density and frequency data
measured in transects were available.

We also tested whether the usefulness to people
of plants that are perceived as more abundant is
higher than plants that are perceived as rare.

Table 2. SPECIES WITH HIGHEST ECOLOGICAL IMPORTANCE VALUES (IV) IN THE FOUR SAMPLED FOREST TRANSECTS.

Species Family Growth form IV

Hura crepitans L. Euphorbiaceae tree 24.7
Iriartea deltoidea Ruiz & Pav. Arecaceae tree 11.3
Pseudolmedia laevis (Ruiz & Pav.) J.F.Macbr. Moraceae tree 5.6
Siparuna decipiens (Tul.) A.DC. Siparunaceae tree 5.3
Iryanthera juruensis Warb. Myristicaceae tree 4.6
Lunania parviflora Spruce ex Benth. Salicaceae tree 4.5
Pouteria torta (Mart.) Radlk. subsp. glabra T.D.Penn. Sapotaceae tree 4.5
Leonia crassa L.B.Sm. & A.Fernandez Violaceae tree 4.4
Cordia nodosa Lam. Boraginaceae shrub 4.3
Ficus coerulescens (Rusby) Rossberg Moraceae hemi-epiphytic strangler 4.2
Eschweilera coriacea (DC.) S.A.Mori Lecythidaceae tree 4.2
Diospyros dalyom B.Walln. Ebenaceae tree 3.9
Otoba parvifolia (Markgr.) A.H.Gentry Myristicaceae tree 3.8
Cyathea pungens (Willd.) Domin Cyatheaceae tree fern 3.4
Quararibea wittii K.Schum. & Ulbr. Malvaceae tree 3.2
Rinorea lindeniana (Tul.) Kuntze Violaceae tree 3.2
Calyptranthes sp. C nov sp. Myrtaceae shrub 2.9
Celtis schippii Standl. Ulmaceae tree 2.9
Clarisia racemosa Ruiz & Pav. Moraceae tree 2.9
Rinorea viridifolia Rusby Violaceae tree 2.8

233THOMAS ET AL.: VALUATION OF FORESTS AND PLANT SPECIES2009]



Participants were asked to determine for each plant
whether it was present in local vegetation in a
large, moderate, or small quantity. The
corresponding score (i.e., large, moderate, or small)
that was confirmed by more than half of the
interviewed participants was assigned to every
individual plant species (at least three participants
per species). Based on the limited number of plant
species in the “moderate” class (11 species), it was
excluded from further analysis. Our data related to
185 species for which both abundance data
assessed by participants and density and frequency
data measured in transects were available.
We note that there is an inherent difference

between measuring the known potential uses per
species and the actual levels of use by a
community. Therefore, results presented here
only give an indication of “potential” usefulness
instead of “actual” use.
SPSS 12.0 was used for all statistical tests,

including ANOVA, Mann-Whitney tests, Krus-
kal Wallis tests, and Kendall correlation.

Results and Discussion
PRIMARY DATA

All inventoried species (i.e., from transects,
walk-in-the-woods, and homegardens) are distrib-
uted over 116 different families and 446 genera.
Best-represented families are Fabaceae (80 spe-
cies), Rubiaceae (44), Lauraceae (29), Moraceae
(26), Melastomataceae (25), Sapotaceae (25),
Solanaceae (25), Euphorbiaceae (24), Bignonia-
ceae (21), and Annonaceae (19). The majority of
inventoried plant species (59%) have a tree or
shrub habit (46% and 13%, respectively), fol-
lowed by lianas and climbers (24%), herbs
(10%), hemi-epiphytes (5%), and graminoids
(1%, including Poaceae and Cyperaceae). Also,
five hemiparasites (including two with a tree
habit) and four fungi were collected.
Table 3 lists all species with an overall use value

of 3.00 or more; six of the 21 are palms. The
most important families in terms of average use
values are Arecaceae (mean UVs=3.54), Myristi-
caceae (2.17), Burseraceae (2.17), Sapotaceae
(2.07), Poaceae (2.01), Anacardiaceae (1.89),
and Annonaceae (1.86).

USEFULNESS OF DIFFERENT FOREST TYPES

Eighty-four percent (84%) of all species and
89% of individuals sampled in transects were
claimed to be used in at least one way (Fig. 2).

More than two-thirds (68%) of species and
individuals (70%) can be used as fuel, whereas
more than half are used for construction (56% of
species and 61% of individuals). Thirty-nine
percent (39%) of species and 41% of individuals
have a food use, whereas approximately one-third
of species (29%) and individuals (36%) are used
in traditional medicine. Plants in the material use
category represent on average 32% of species and
37% of individuals. Finally, about 10% of species
and 15% of individuals provide social uses.
These use percentages are in agreement with

studies reported in the literature. Estimates of plant
use in plots by Amazonian societies broadly range
between 49–100% for overall uses, 17–40% for
food, 7–35% for medicines, and 3–32% for
construction (Boom 1987; De Walt et al. 1999;
Galeano 2000; Milliken et al. 1992; Phillips et al.
1994; Piñedo-Vasquez et al. 1990; Prance et al.
1987; van Andel 2000). However, most studies
made use of 1-ha plots and measured only plants
with dbh≥10 cm. If only stems with dbh≥10 cm
are considered in our transects (amounting to
191 different species), plant use percentages are
89% for the overall use category, 73% for fuel,
61% for construction, 44% for food, 30% for
material, 22% for medicine, and 7% for social
uses. These values suggest that the proportion of
forest species considered useful to Yuracarés and
Trinitarios is in the upper range of values
obtained in other studies in the Neotropics.
However, our results are based on combined use
data of two ethnic groups, whereas most studies
in the literature present use proportions of one
indigenous group only. Also, results were
obtained from 0.1-ha samples, and these might
not be comparable with data from 1-ha plots.
The downside of studies with sampling stra-

tegies focusing on stems with dbh≥10 cm (i.e.,
the typical sampling strategy in 1-ha plots) is that
they might fail to fully represent the overall
usefulness of vegetation because non-tree habits
make up most of the species sampled in
Amazonian forest plots (Gentry and Dodson
1987). Based on data from seven one-hectare
plots in Guyana, van Andel (2000) showed that
between 20 and 60% of all useful species were
found in the understorey. Likewise, our results
demonstrate that 56% of all useful species in
transects had 2.5 cm≤dbh<10 cm. The large
majority of medicinal plants (69%) and plants
with social uses (72%) are found in this diameter
class, whereas also more than half of all useful
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Fig. 2. Mean percentage of species per use category and forest type, based on values of respective component
0.01-ha transects. Significant differences are recorded for fuel, materials and social uses (p<0.01 for all three cases;
ANOVA). Equal mean use percentages of different forest types are indicated by vertical lines (Duncan post hoc
test). Error bars represent standard errors of the mean.

Table 3. CATEGORICAL USE VALUES OF ALL INVENTORIED SPECIES WITH AN OVERALL USE VALUE OF 3.0 OR MORE;
ONLY SPECIES THAT WERE SHOWN TO AT LEAST THREE PARTICIPANTS ARE INCLUDED. ALL SPECIES ARE TREES, EXCEPT

FOR G. SAGITTATUM AND C. GONGYLODES, WHICH ARE A GRASS AND VINE, RESPECTIVELY.

Species and family UVs UVme UVfo UVc UVma UVfu UVso UVp np

Attalea phalerata Mart. ex Spreng. (Arecaceae) 6.13 0.75 2.13 0.75 2.38 0.13 8
Bactris gasipaes Kunth (Arecaceae) 5.88 3.00 2.63 0.13 8
Attalea butyracea (Mutis ex L.f.) Wess.Boer
(Arecaceae)

5.83 0.17 2.00 0.83 2.83 6

Jessenia bataua (Mart.) Burret (Arecaceae) 4.63 0.63 1.88 0.88 1.25 8
Guarea macrophylla Vahl (Meliaceae) 4.23 1.69 1.92 0.08 0.46 0.08 13
Gynerium sagittatum (Aubl.) P.Beauv. (Poaceae) 4.22 1.89 2.33 9
Swietenia macrophylla King (Meliaceae) 4.00 1.50 2.00 0.50 4
Myroxylon balsamum (L.) Harms (Fabaceae) 3.80 1.00 0.80 1.20 0.80 5
Socratea exorrhiza (Mart.) H.Wendl. (Arecaceae) 3.43 0.14 0.21 2.50 0.43 0.07 14
Genipa americana L. (Rubiaceae) 3.38 0.75 0.75 1.63 0.25 8
Hura crepitans L. (Euphorbiaceae) 3.33 1.58 1.00 0.08 0.08 0.58 12
Guarea purusana C.DC. (Meliaceae) 3.33 0.33 2.00 1.00 3
Persea americana Mill. (Lauraceae) 3.20 1.20 1.80 0.20 5
Iriartea deltoidea Ruiz & Pav. (Arecaceae) 3.18 0.27 0.27 2.27 0.18 0.18 11
Theobroma cacao L. (Sterculiaceae) 3.17 1.17 1.83 0.17 6
Clarisia racemosa Ruiz & Pav. (Moraceae) 3.17 0.25 0.75 1.75 0.42 12
Calophyllum brasiliense Cambess. (Clusiaceae) 3.10 0.30 0.10 2.10 0.30 0.30 10
Aspidosperma rigidum Rusby (Apocynaceae) 3.09 1.55 0.09 1.27 0.18 11
Guarea guidonia (L.) Sleumer (Meliaceae) 3.00 1.50 0.08 1.17 0.25 12
Pouteria cf. multiflora (A.DC.) Eyma
(Sapotaceae)

3.00 0.33 1.33 0.67 0.67 3

Cissus gongylodes (Baker) Planch. (Vitaceae) 3.00 3.00 3

UVs=overall use value; UVme=medicinal component; UVfo=food component; UVc=construction component; UVma=
materials component; UVfu=fuel component; UVso=social uses component; UVp=poison component; np=number of
participants interviewed
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material, fuel, construction, and food species
collected in transects had dbh < 10 cm (61, 56,
55, and 54%, respectively). Hence, the under-
storey (2.5 cm≤dbh<10 cm) seems to be slightly
more useful than the overstorey (dbh≥10 cm),
especially so for the categories of medicinal and
social uses.
Although 0.1-ha transects allow more time-

efficient sampling of diversity than 1-ha plots
(Phillips et al. 2003), 0.1-ha studies seem less
widely used for quantifying the usefulness of
vegetation types. Torre-Cuadros and Islebe
(2003) studied the usefulness of Mexican forests
by means of 0.1-ha plots wherein all stems ≥ 5 cm
dbh were sampled. They calculated that 19% of
all inventoried species was used in traditional
medicine, 10% as food, 18% for manufacturing
crafts, and 36% for construction purposes.
Toledo and Salick (2006) applied a similar
methodology and found that, on average, 52%
of recorded species in Bolivian lowland forest
plots were used by the Gwarayo people. Finally,
Cerón et al. (1994) and Cerón and Montalvo
(1998) sampled 0.1-ha transects among the
Cofanes and Huarani from Amazonian Ecuador,
resulting in use proportions of 99 and 100%,
respectively. These values suggest that the pro-
portion of forest species considered useful to
Yuracarés and Trinitarios is in the upper range of
values obtained in other 0.1-ha studies in the
Neotropics.
Table 4 summarizes the usefulness of forest

transects according to different measures: percen-
tages of useful species and individuals, mean use
values per stem, and summed use values of all
stems in transects. This overview shows that there
is no apparent congruence between measures
based on percentages and use values, respectively.
While no significant differences were observed for
percentage of useful species in transects (Fig. 2),
differences in mean overall use values are signif-
icant (p=0.015, ANOVA) and would suggest

floodplain forest to be more useful than terra
firme forest. However, this difference is only
significant for the San Antonio terra firme transect
(p<0.01; ANOVA post hoc Duncan test).
Hence, our results only partly corroborate the
findings of Phillips et al. (1994), who showed
that floodplain forests were more useful than
other forest types in Amazonian Peru.
Of all the figures in Table 4, summed use

values of all stems in transects might best
represent the actual usefulness of forests, as these
incorporate plant diversity in transects. A more
comprehensive understanding of the usefulness of
different forest types is provided by breaking
down the summed use values of stems in each
transect into component (i.e., categorical) use
categories (Fig. 3). Construction, fuel, and food
use dominate all forest types. High construction
use values in the present study reflect the presence
of Annonaceae, Myristicaceae, Anacardiaceae,
Arecaceae, and Lecythidaceae. High food use
values are mainly a consequence of a high
abundance of Arecaceae, Anacardiaceae, Myrsina-
ceae, Sapotaceae, Myrtaceae, Fabaceae (Inga
spp.), and Moraceae. Medicinal uses appear to
be slightly more important in floodplain forests,
which is partly due to the abundance of the
medicinal species Cyathea pungens (Willd.)
Domin, Triplaris americana L., Hura crepitans,
Uncaria tomentosa (Willd.) DC., and Guarea
macrophylla (Thomas and Vandebroek 2006).

PREDICTING CATEGORICAL USE VALUES

OF PLANT SPECIES
Data from TIPNIS corroborate the finding

that plant family and growth form are among the
dominant factors that determine a particular
plant’s use value (Table 5) (Byg et al. 2006;
Moerman et al. 1999; Phillips and Gentry 1993b;
Thomas et al. 2009a). This is in part because
plant family and/or genus are related to growth

Table 4. USEFULNESS OF FOREST TYPES BASED ON USE VALUE TECHNIQUES AND PERCENTAGE USEFUL SPECIES AND

INDIVIDUALS.

Forest type

Species

inventoried

Stems

inventoried

Mean use value

per stem

Summed use values

of stems

% useful

species

% useful

individuals

terra firme San Antonio 183 414 1.26 521.6 73.9 85.3
terra firme Carmen 180 395 1.43 564.9 78.9 89.9
floodplain Sanandita 168 404 1.46 589.8 73.8 87.9
floodplain Carmen 146 351 1.51 530.0 81.9 91.7
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from. Trees have the highest mean overall
usefulness of all growth forms, whereas those
values of hemiepiphytes and lianas are significant-
ly lowest (p<0.001; Mann-Whitney tests). In
terms of mean medicinal use value, herbs score
highest in the present study, whereas the mean

medicinal use value of trees is the lowest of all
growth forms (p<0.01; Mann-Whitney), except
for lianas that score even lower (p=0.01; Mann-
Whitney). For trees, climbers, and shrubs the
highest food use values were observed. The
findings that herbs and trees have higher medic-

Table 5. PREDICTIVE POWER OF PHYLOGENETIC, PHYSIOGNOMIC, AND ECOLOGICAL CHARACTERISTICS IN EXPLAINING

USE VALUES OF SPECIES.

UVall uses UVmedicine UVfood UVmaterial UVconstruction UVsocial uses UVfuel

Family1 232.57 160.90 148.70 118.67 209.73 39.90 217.05
*** *** *** *** *** N.S. ***

Growth form2 254.56 195.74 50.45 43.66 226.30 46.41 392.40
*** *** *** *** *** *** ***

Density3 0.25 0.19 0.15 0.21 0.21 0.18 0.15
*** *** *** *** *** *** ***

Frequency3 0.27 0.20 0.19 0.24 0.24 0.17 0.17
*** *** *** *** *** *** ***

Mean dbh3 0.22 0.01 0.10 0.061 0.19 0.0002 0.19
*** N.S. * N.S. *** N.S. ***

Max dbh3 0.28 0.04 0.13 0.11 0.24 0.049 0.23
*** N.S. ** * *** N.S. ***

IV3 0.278 0.149 0.158 0.173 0.227 0.127 0.189
*** *** *** *** *** ** ***

The predictor variables are listed by row, the response variables by column. Kruskal Wallis χ2 and Kendall’s coefficient
of rank correlation τb values are given for categorical variables (plant family and habit) and quantitative variables (density,
frequency, mean dbh, max dbh, and IV), respectively.
1N=622 species in 32 families (families with < 10 species dropped; based on entire data set, i.e., transects, walk-in-the-
woods, and homegarden sampling).

2N=877 species (trees: 406 species; lianas: 175; shrubs: 118; herbs: 90; [hemi-]epiphytes: 45; [non-woody] climbers: 34;
graminoids: 9; based on entire data set).

3N=426 species with stems dbh ≥ 2.5 cm (based on transect data set).
*=p ≤ 0.01; **=p ≤ 0.001; ***=p ≤ 0.0001; N.S.=not significant.
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Fig. 3. Summed overall use values of all stems in forest transects are displayed as a combination of component
use categories. Use categories environmental uses and poison are not included as their contribution is negligible.
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inal and food use values, respectively, are in
agreement with the literature (Stepp and Moer-
man 2001; Voeks 2004).
The results presented in Table 5 show that

highly positive correlations are found between the
density and frequency of species in transects and
their corresponding categorical use values, thus
providing support for the hypothesis in literature
that more abundant and/or accessible plants are
more likely to be perceived as useful (e.g., Adu-
Tutu et al. 1979; Byg et al. 2006; Lawrence et al.
2005; Phillips and Gentry 1993b; Thomas et al.
2009a, b; Torre-Cuadros and Islebe 2003; Voeks
2004). Accessibility of plants is, in turn, often
assumed to be associated with plant abundance.
Further on, we test the relationship between these
variables specifically for our research area. The
fact that mean density and frequency yield equal
results (Table 5) is because they are collinear (i.e.,
they are strongly and significantly correlated;
Kendall’s τb=0.89 and p<0.001).
Two other collinear variables (Kendall’s τb=

0.82 and p<0.001), mean and maximum dbh,
also have predictive power for plant usefulness,
although for fewer use categories than density and
frequency (Table 5). The higher usefulness of
larger plants may be a consequence of their better
“visibility” as compared to smaller plants (Phillips
and Gentry 1993b). Indeed, apart from abun-
dance and accessibility, salience of species is
known to affect their use (Byg et al. 2006;
Turner 1988). More salient species are easier to
find than more inconspicuous plants. For
humans, plant salience mainly depends on size
and color, although smell and structure may also
be important (Byg et al. 2006; Jain 2000; Turner
1988). Hence, mean and maximum dbh are
salience-related attributes. The fact that mean
and maximum dbh correlate significantly with
food use value might be because larger trees
produce more fruits and hence are more valued
by people. Likewise, larger trees are more useful
for construction purposes, for material uses, and
as a source of fuel than smaller individuals, at
least if one has access to a chainsaw to cut and
process the wood. We probably failed to detect a
correlation between mean and maximum dbh,
and the medicinal use values of plants, because
trees represent the highest diameters in any forest
type and they are the least useful growth form for
herbal medicines.
If most categorical use values of plant species

are predictable from variables such as density,

frequency, and/or dbh, then the same could be
valid for a common parameter in ecology that is
used to quantify the ecological importance of
plants, i.e., the Importance Value index (IV). De
Walt et al. (1999) also hypothesized the existence
of such a positive correlation for their study
among the Bolivian Tacana people, but they did
not actually test it. Table 5 shows that the IV
indeed correlates significantly with all categorical
use values of plant species in TIPNIS. Hence, the
higher the ecological importance of a species in a
forest, the higher will be its categorical use values,
confirming the findings of Torre-Cuadros and
Islebe (2003) among Maya people in Mexico.
Although outside of the scope of this paper, it
deserves mentioning that the positive correlation
between species’ IVs and UVs might add value to
the hypothesis of long-term anthropogenic influ-
ences on forest composition. Hereby it is assumed
that some (Amazonian) forests have been enriched
with useful species as a consequence of centuries
of indigenous plant management (Clement 1999).

INDIGENOUS ASSESSMENT OF PLANT

ACCESSIBILITY AND ABUNDANCE

Plant species that are perceived as easily
accessible by the majority of participants have a
significantly higher density and frequency than
plants that were assessed as difficult to find (1.70
vs. 0.86 individuals per 0.1-ha and 11% vs. 7%
of all forty 0.01-ha component transects, respec-
tively; p=0.01 for frequency and p=0.003 for
density [Mann-Whitney tests]). These results
suggest that plant density and frequency are good
predictors for accessibility in TIPNIS.
Plant accessibility as assessed by local parti-

cipants is not a good predictor for the mean
categorical use value of species. Only the mean
medicinal value of plants that are difficult to find
is significantly lower than the mean medicinal
value of easily accessible plants (p=0.045; Mann-
Whitney test), adding support to the hypothesis
that more accessible plants are more likely to be
used in traditional medicine (Turner 1988;
Thomas et al. 2008, 2009a; Voeks 2004).
Analysis furthermore shows that plants that are
easily accessible have a significantly higher num-
ber of overall and medicinal uses than plants that
are difficult to find (p=0.01 and p=0.015, respec-
tively; Mann-Whitney tests).
Mean categorical use values of species which,

according to participants, are present in large
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abundances were then compared with those of
species with perceived abundances rated as small
(Mann-Whitney tests). Mean medicinal (p≤
0.0001) and social use values (p≤0.05) are higher
for plants that are perceived as abundant as
compared to rare plants, once more corroborating
the hypothetical relationship between the per-
ceived abundance of plants and their usefulness in
traditional medicine (Turner 1988; Voeks 2004).
By contrast, mean construction (p≤0.0001) and
fuel use values (p≤0.0001) of species classified as
having a “small” quantity score are significantly
higher than for species with “large” quantity
scores. Possibly this could indicate local depletion
of valuable construction (and fuel) species as a
consequence of excessive harvesting (cf. Galeano
2000). However, further research is needed to
substantiate this conjecture.

Conclusions
In this paper, we have demonstrated that

Yuracarés and Trinitarios from the southern part
of TIPNIS still hold extensive knowledge of the
forests that surround them for fulfilling subsis-
tence needs. Proportions of useful plant species
and individuals in sampled transects are in
accordance with most other Amazonian studies.
Our finding that the understorey (2.5 cm≤dbh<
10 cm) was regarded as more useful to local
people than the overstorey (dbh≥10 cm), stresses
the added value of ecological sampling techniques
with sampling protocols that incorporate small
diameter classes (i.e., ≥ 2.5 cm). Clearly, the
traditional 1-ha method, which samples only
stems ≥ 10 cm, fails to record a highly significant
portion of useful plants in a forest.

We have also been able to confirm for our
research area some of the correlations between
categorical use values of species and several
phylogenetic, physiognomic, and ecological vari-
ables reported in literature. Factors that determine
(categorical) use values of plants include plant
family, growth form, density, frequency, mean
and maximum dbh, and ecological importance
value. Furthermore, our data showed that the
correlation between density and frequency of
plants in the landscape and their perceived
accessibility by local people is highly significant.
This could suggest that accessibility of plants in
TIPNIS partly guides their usefulness.

Indigenous assessment of accessibility and local
abundance of plants also has a potential for
uncovering patterns in the perceived utility of

plant species. For example, significantly higher
medicinal use values were obtained for species
that were perceived by people as more easily
accessible or as more abundant. However, in
order to obtain reliable results from these
variables, it is important to understand at which
scale people assess abundance and accessibility.
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