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Abstract

Bolivia is a country exceptionally rich in biodiversity and home to about 20,000 vascular plant species and 15 plant
formations. Therefore, it is particularly important to document the biodiversity of this territory. The aim of the Bolivian
Vegetation Ecology Database (BOVEDA; GIVD ID SA-BO-005) is to record floristic and ecological data of Bolivian
vegetation. In the first stage, the database hosts 320 relevés from one of the most unique biogeographical units in the
country, the Chaco. In total, 633 species belonging to 114 families have been recorded. Data on vegetation structure, soil,
flooding regime and geomorphology have also been stored. The following nine vegetation structural types were iden-
tified: (1) deciduous forests of alluvial plains on well to moderately well drained soils; (2) deciduous to semideciduous
Chaco forests transitional to the Andes; (3) deciduous and sclerophyllous Cerrado thorn-woodlands and shrublands
transitional to the Chaco (Abayoy); (4) xeromorphic thorn shrubland and thickets on vertic, poorly drained soils; (5)
woodlands and savannas on sand dunes and aeolian surfaces; (6) freshwater swamp forests; (7) saltwater swamp forests;
(8) phreatophytic forests; (9) deciduous to semideciduous Chaco forests transitional to the Chiquitania. Further steps
will be to incorporate new types of vegetation already recorded in the field such as Altiplano shrublands, Andean wet-
lands, Andean Polylepis forests, and vegetation of the dry inter-Andean valleys.

Taxonomic reference: Jorgensen et al. (2015).

Abbreviations: BOVEDA = Bolivian Vegetation Ecology Database; GIVD = Global Index of Vegetation-Plot Databases.
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GIVD Fact Sheet: Bolivian Vegetation Ecology Database
(BOVEDA)

GIVD Database ID: SA-BO-005

Bolivian Vegetation Ecology Database
(BOVEDA)

Database manager(s): Gonzalo Navarro (gonzalonavarrosanchez@gmail.com); José Antonio Molina (jmabril@ucm.es)
Owner: Gonzalo Navarro, José Antonio Molina

Scope: Bolivian Vegetation Ecology Database (BOVEDA) includes floristic and ecological data of the vegetation types in Bolivia. All vegetation
plots record the co-occurrence of vascular plants. Most plots also comprise substrate information (soil/water features). Currently, the database
includes mostly original georeferenced relevés of forests in areas typically of 2000 m?, conducted mainly on the Bolivian Chaco, covering ca. 128
000 km?

Abstract: Bolivian Vegetation Ecology Database (BOVEDA) is a floristic and ecological database of the Bolivian vegetation
Availability: according to a specific agreement
Database format(s): Excel

Plot type(s): normal plots

Last update: 2022-09-16
Web address:

Online upload: no Online search: no
Export format(s): CSV file

Plot-size range (m?): 100 to 4000

Non-overlapping plots: Estimate of existing plots: Completeness: Status:

320 1000 32% completed and continuing
Total no. of plot observations: Number of sources (biblioreferences, data collectors): Valid taxa:

320 6 633

Countries (%): BO: 92; PY: 5; BR: 3
Formations: Forest: 98% = Terrestrial: 98% // Non Forest: 2% = Aquatic: 2% (Fresh water: 2%)
Guilds: all vascular plants: 10%; only trees and shrubs: 80%

Environmental data (%): altitude: 29.3; slope inclination: 8; other soil attributes: 4.69; other attributes: vegetation series (27%); type of formation
(37%); canopy height (17.2%); slope orientation (1.56%); degradation status (9%); soil specifications (54.4%); electrical conductivity (uS):4(.69%);
additional info.:(in Spanish, transcribed literally form the field journal): 89.4

Performance measure(s): presence/absence only: 3%; cover: 97%
Geographic localisation: GPS coordinates (precision 25 m or less): 100%
Sampling periods: 1990-1999: 60%; 2000-2009: 40%
Information as of 2022-09-16; further details and future updates available from http://www.givd.info/ID/SA-BO-005

Introduction

Bolivia has one of the highest ecosystem diversities in the
Neotropics (Jorgensen et al. 2015). The country includes
four biogeographical regions: Amazonian, Brazilian-Para-
nean, Chacoan and Tropical Andean (Navarro and Mal- U
donado 2002; Navarro and Ferreira 2009; Rivas-Martin-
ez et al. 2011). This biogeographical mosaic leads to an
immense amount of biodiversity in 1,098,581 km?. This
includes 12,245 known vascular plant species with an ad-
ditional 8,000 more expected to be described in the future,
leading to a total richness of approximately 20,000 species
(Jorgensen et al. 2015; Moraes and Sarmiento 2018).

The appearance of databases of relevés, and their com-
pilation in global archives of metadata, meant a para-
digm shift in the study of vegetation and biogeography.
The GIVD (Dengler et al. 2011) and the sPlot Consorti-
um (Bruelheide et al. 2019) lead this paradigm shift. The
Bolivian Vegetation Ecology Database (BOVEDA) was

created to fill a gap in the lack of information on the out-
standingly biodiverse country, and to facilitate the shar-
ing of data and connect researchers (Figure 1). For this
purpose, our project aims to include floristic and ecolog-
ical data for the vegetation types of the country, and for
the metadata to be available online in the GIVD archive.
Here we present the first step of the database, focusing
on the Chaco.

Figure 1. Logo of the Bolivian Vegetation Ecology Da-
tabase (BOVEDA). The logo characterizes an Altipla-
no plant-landscape of cactus and shrubland in the
background and in the foreground the silhouette of
the South American continent including within it that
of Bolivia bordered by the name of the database (Bo-
livian Vegetation Ecology Database) and its acronym
(BOVEDA).
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Study area

As a first step in BOVEDA development, we included our
data from the Chacoan region (Neotropical-Austroamer-
ican Realm, Rivas-Martinez et al. 2011) in Bolivia. The
Gran Chaco is one of the great biogeographic units of the
Neotropics, and one of the most interesting and distinct
eco-regions in South America (Cabrera 1971; Navarro
2011; Rivas-Martinez et al. 2011), including territories
from five different countries. The Gran Chaco is divided
into the northern Chaco (Boreal Chaco) and the south-
ern Chaco (Austral Chaco) along a decreasing tempera-
ture gradient. Furthermore, the dry and wet parts of the
Chaco can be distinguished along an increasing rainfall
gradient from west to east (Cabrera 1971, 1994; Navarro et
al. 2011). One of the vastest extensions of the Chaco Bore-
al is found inside Bolivia’s borders, a lowland xeric biome
(Navarro and Molina 2021), covering more than 127,700
km?, of which 34,411 km? are part of the largest protected
area in the country, the Kaa-Iya of the Gran Chaco Na-
tional Park and Integrated Area (Taber et al. 1997).

The bioclimate of the Bolivian Chaco is xeric, with a dry
and semiarid precipitation zone (Navarro and Maldonado
2002; Navarro 2011). From a geological point of view, the
Bolivian Chaco was formed at the end of the Pliocene to
the beginning of the Pleistocene, from the alluvial fans of
the rivers Parapeti, Gande, Pilcomayo and Teuco-Bermejo
(Navarro and Maldonado 2002). This sedimentary origin
leads to a lithology rich in sands, silts and clay deposits, and
the different combination of these three grain sizes in the
soil texture as well as the small topographical differences
determine the internal drainage degree of the soils and
their flooding regime, which is one of the major factors de-
termining the type of forest formation (Navarro et al. 2011).

Data collection

A total of 320 georeferenced relevés were gathered from
fieldwork conducted by the third author mainly in the
Bolivian Chaco and some relevés from neighbouring
countries (Figure 2). Sampling was made between the

Figure 2. Map of South American countries and the location of the Chacoan vegetation relevés (brown dots) from

Bolivia stored in BOVEDA.



194

Jaime Oliveira et al.: Bolivian Vegetation Ecology Database

M shrublands [l palm-tree forests

7] medium and tall forests

[ medium hygrophytic forests [ll low forests

Figure 3. Percentage of the woody vegetation in Bolivian Chaco represented in BOVEDA.

last decade of the 20" century (60%) and the first dec-
ade of the 21* century (40%). A balance of sampling in
physiognomic types of vegetation was made to reflect the
plant-landscape diversity occurring in the area of sur-
vey. Almost all the relevés are 2,000 m* on average, with
a band-transect design. Plot size is 200 m long and 10 m
wide -5 meters on each side of the path-. This method
was followed due to the difficulty of accessibility and the
impenetrability of the vegetation in many cases. Plant
cover estimation was done with the Braun-Blanquet scale
(Braun-Blanquet 1979). Most of the sampling focused on
terrestrial vegetation (98%, within which the 23% have
additional information on epiphytes), although freshwa-
ter vegetation were also recorded. In terrestrial vegeta-
tion, only woody species were recorded since the sam-
pling period was conditioned by the accessibility to the
area in the dry season when herbaceous plants are not
developed. Further, tropical forests have a relatively spe-
cies-poor herb layer compared to temperate forest eco-
systems (Sabatini et al. 2022).

Our database is intended to compile vegetation ecol-
ogy data and this information was considered in the de-
sign of the fields of the database. Environmental data in-
cludes topographical information, such as altitude (30%)
and slope inclination (8%). More than half of all samples
comprise substrate information, such as soil specifications
(54%), or water electrical conductivity measured in hy-
gromorphic habitats (5%). Soil texture is classified in the
field according to USDA (2017).

Vegetation structure and typology is also included in
BOVEDA. Thus, information about formation (37%), veg-
etation series (27%) and canopy height (17%) is provided.
Degradation status related to human impact is available
for a smaller proportion of plots (9%). Degradation is
mostly caused by overgrazing as well as close proximity to
human settlements or roads and sometimes fires.

A few relevés (< 2%) do not provide plant cover but
only plant presence, which is noted as “p”. Our database
comprises a single spreadsheet. The storage format is in
xls and the export format is in csv. Upon request, the data

are available according to a specific agreement.

Database content

A total of 633 taxa were identified to species level, while 836
were assigned to genus level only and 1010 remained uni-
dentified at the time of survey. The taxa belong to 114 fami-
lies. Taxonomic nomenclature followed http://www.world-
floraonline.org data and the Catalogue of the Vascular
Plants of Bolivia, accessible through the Tropicos database
by the Missouri Botanical Garden, in http://legacy.tropicos.
org/Project/BC (Jorgensen et al. 2015; WFO 2021).

The most predominant structure of the wooded veg-
etation were shrublands and woodlands (35%), followed
by palm tree forests (17%) (Figure 3). A preliminary
classification of our data suggests that the Bolivian Cha-
coan woody vegetation encompasses nine different units
(Figure 4): (1) deciduous forests of alluvial plains on well
to moderately well drained soils (Figure 4a); (2) decidu-
ous to semideciduous Chaco forests transitional to the
Andes (Figure 4b); (3) deciduous and sclerophyllous
Cerrado thorn-woodlands and shrublands transitional
to the Chaco (Abayoy); (4) xeromorphic thorn shrubland
and thickets on vertic, poorly drained soils (Figure 4c);
(5) woodlands and savannas on sand dunes and aeolian
surfaces (Figure 4d); (6) saltwater swamp forests (Fig-
ure 4e); (7) freshwater swamp forests (Figure 4f); (8)
phreatophytic forests; (9) deciduous to semideciduous
Chaco forests transitional to the Chiquitania. An anal-
ysis of species revealed that the richest forests were the
Chaco forests transitional to the Chiquitania, and the
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Figure 4. Representative examples of woody vegetation from Bolivian Chaco. a) deciduous forest of alluvial plains
on well to moderately well drained soils; b) deciduous to semideciduous Chaco forest transitional to the Chiquitania
and to the Andes; c) xeromorphic woodland and shrubland on vertic, poorly drained soils; d) savanna and woodland
on sand dunes and aeolian surfaces; e) saltwater swamp palm forest; f) freshwater swamp forest.

woodlands and savannas on dunes and sands (Figure 5).
In contrast, the least rich in species were the swamp for-
ests, while the other forest types were intermediate. Ac-
cording to the floristic information within relevés, the
five most species-rich families were Cactaceae (23%),
Fabaceae (22%), Capparaceae (12%), Bromeliaceae (11%)
and Apocynaceae (8%).

Future perspectives

BOVEDA, the Bolivian Vegetation Ecology Database
(SA-BO-005), is a new project unique in the country, and
one of the very few on the South American continent
(see Dengler et al. 2011). In this first stage of our pro-
ject, the relevé count in BOVEDA is already higher than



196 Jaime Oliveira et al.: Bolivian Vegetation Ecology Database

100 —

80 —

60 —

SPECIES RICHNESS

20

1 2 3 4 5 6 7 8

0

FOREST TYPE

Figure 5. Boxplots representing the woody species richness in nine woody vegetation types in Bolivian Chaco: (1)
deciduous forests of alluvial plains on well to moderately well drained soils (n = 37); (2) deciduous to semideciduous
Chaco forests transitional to the Andes (n = 8); (3) deciduous and sclerophyllous Cerrado thorn-woodlands and
shrublands transitional to the Chaco (Abayoy) (n = 7); (4) xeromorphic thorn shrubland and thickets on vertic, poor-
ly drained soils (n = 34); (5) woodlands and savannas on sand dunes and aeolian surfaces (n = 20); (6) freshwater
swamp forests (n = 25); (7) saltwater swamp forests (n = 7); (8) phreatophytic forests (n = 11); (9) deciduous to
semideciduous Chaco forests transitional to the Chiquitania (n = 51). Boxes represent the interquartile range of the
data (50%), thick horizontal lines show median species richness, whiskers correspond to the variability outside of

the interquartile range, and unfilled dots are outliers. Plot size = 2000 m?.

in any other GIVD-registered plot database from Bolivia
(https://www.givd.info/info_organisation.xhtml).

The BOVEDA is projected to gather data from all
eco-regions in Bolivia. After Chacoan vegetation, the
following vegetation types will be added as updates: the
Bofedales wetlands, the Polylepis forests, the Altiplano
shrublands, the dry inter-Andean valleys vegetation,
and a set of relevés of Altiplano aquatic flora. With
these data collections, the estimate of 1,000 existing
plots will be reached, although the intent behind the
project is for it to be continued further with data from
multiple sources. Further data from past and current
fieldwork conducted in areas of other South American
countries including Argentina, Chile, Brazil, Venezuela
and Ecuador are intended to be stored as well. The ex-
pectations of this database rest on two steps: the first
extending over the next year will deal with including
the raw data of works already published by us (Navar-
ro et al. 2005; Molina et al. 2007; Navarro et al. 2010;
Navarro 2011; Molina et al. 2016; Navarro and Molina
2019), while the second will then also include unpub-
lished information from areas such as the inter-Andean
dry valleys vegetation or hygrophytic vegetation such as
High-Andean wetlands.

With the registration of BOVEDA in the GIVD da-
tabase and the following actualization updates to come,
BOVEDA provides a great opportunity for botanists and

ecologists to use large amounts of original data from
areas where published field data are rare and difficult
to obtain. Thus, our database offers countless possibili-
ties, such as: biodiversity analysis and mapping, species
range mapping, biogeographical analysis, degradation
and deforestation measured throughout the years, re-
sistance and resilience measures of ecosystems in cases
of perturbation like forest clearing, overgrazing or fire,
and many others.
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