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Abstract: The database of the Brazilian Program for Biodiversity Research (PPBio; GIVD ID SA-BR-001) includes data on the envi-

ronment and biological groups such as plants. It is organized by site, which is usually a grid with 10 to 72 uniformly-distributed plots, 

and has already surveyed 1,638 relevés across different Brazilian ecosystems. The sampling design is based on the RAPELD system to 

allow integration of data from diverse taxa and ecosystem processes. RAPELD is a spatially-explicit sampling scheme to monitor bio-

diversity in long-term ecological research sites and during rapid appraisals of biodiversity that has attracted support from many man-

agement agencies, which are using it as their long-term monitoring system. Vegetation surveys include measurements of cover, bio-

mass and number of individuals from woody and herbaceous vascular plants, along with environmental data. We have recently mi-

grated to a metadata catalog and data repository which allows searching for specific groups across all sites. All RAPELD data have 

been collected since 2001, though the site also allows data from other long-term plots to be archived as associated projects. 
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Introduction 

Mindful of its obligations under the Con-

vention on Biological Diversity, the Bra-

zilian Federal Government launched the 

Program for Biodiversity Research 

(PPBio) in 2004, after three years of 

workshops and meetings to plan the pro-

gram. The program involves many ac-

tions, ranging from support for biological 

collections, training of taxonomists and 

production of field guides to support field 

surveys (http://ppbio.inpa.gov.br/guias), 

to field surveys themselves (Costa & 

Magnusson 2010) and bioprospecting 

(Beattie et al. 2010). However, one aspect 

that permeates all components of the pro-

gram is that data should be made publicly 

available as soon as possible, and this is 

made explicit in the data-policy document 

(http://ppbio.inpa.gov.br/politicadados). 

Most field surveys follow the RAPELD 

methodology (Magnusson et al. 2005, 

Costa & Magnusson 2010, briefly de-

scribed below), which facilitates integra-

tion of vegetation and faunal data with 

environmental variables. The name 

RAPELD originated from the combina-

tion of two words that represent the work-

ing scales of the method: RAP, which 

stands for rapid assessments and PELD, 

which is the acronym for Long Term Eco-

logical Research (LTER) in Portuguese. 

Trail grids link permanent plots at a scale 

that facilitates analysis of landscape di-

versity and complementarity of manage-
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ment units, such as conservation reserves, 

forestry coupes, and sustainable-

development reserves. Because the sys-

tem generates data useful to management 

agencies as well as academic researchers, 

it is being implemented by many different 

organizations, such as state conservation 

agencies, the Federal Forest Service, and 

agencies responsible for environmental-

impact studies. Since the methodology is 

standardized, field infrastructure installed 

by an agency interested in monitoring 

physical-chemical parameters can be used 

by researchers studying plants or fauna. 

This has resulted in the system becoming 

the fastest growing biodiversity monitor-

ing system in Brazil, and possibly of the 

world (Fig. 1). 

Because of the huge areas involved, 

simple random sampling is not an option 

for a large megadiverse country such as 

Brazil, and is probably not economically 

viable in most regions of the world. De-

signing a monitoring system is much 

more complicated than designing a moni-

toring study (Watson & Novelly 2004). 

The RAPELD system is designed to allow 

modeling of species distributions with 

nonrandom sampling (see section on De-

sign), based on environmental characteris-

tics (see section on Ancillary Informa-

tion). As the data are publicly available 

(see section on Data Management), they 

can be used by government agencies, 

NGOs and the private sector for manage-

ment decisions. Management decisions 

are usually based on extrapolation of plot 

data to larger scales using remote sensing, 

so it is important to maximize the suitabil-

ity of data for calibrating remote sensing 

techniques (see section on Remote Sens-

ing). The standardized relevés allow in-

vestigation of relationships among differ-

ent plant life forms and relationships be-

tween plant composition or forest struc-

ture and the distribution of fauna (see sec-

tion on faunal studies and vegetation 

data). 

 

GIVD Database ID: SA-BR-001 Last update: 2012-05-18 

Brazilian Progam for Biodiversity Research (PPBio) Information System 
Scope: Amazon Plants 

Status: completed and continuing Period: 2001-2011 

Database manager(s): Flávia Fonseca Pezzini (flaviapezzini@gmail.com) 

Owner: [NA] 

Web address: http://ppbio.inpa.gov.br 

Availability: after blocking period Online upload: yes Online search: yes 

Database format(s): CSV file, TXT file Export format(s): CSV file 

Publication: [NA] 

Plot type(s): normal plots Plot-size range: 1-10000 m² 

Non-overlapping plots: 1,843 Estimate of existing plots: [NA] Completeness: [NA] 

Total plot observations: 1,843 Number of sources: [NA] Valid taxa: [NA] 

Countries: BR: 100.0% 

Forest: [NA] — Non-forest: [NA]  

Guilds: all vascular plants: 100% 

Environmental data: altitude: 100%; slope inclination: 35%; soil pH: 92%; other soil attributes: 92% 

Performance measure(s): cover: 100%; number of individuals: 100%; biomass: 100% 

Geographic localisation: GPS coordinates (precision 25 m or less): 100% 

Sampling periods: 2000-2009: 69.3%; 2010-2019: 30.7% 

Information as of 2012-07-19; further details and future updates available from http://www.givd.info/ID/SA-BR-001 

 

Design 

Collection of data under the PPBio is un-

dertaken on a standardized RAPELD sys-

tem of trails and plots. Trails are organ-

ized into grids, and the standard RAPELD 

grid system for intensive studies of local 

processes is a 25-km2 square, crossed by 6 

trails in the East-West and 6 trails in 

North-South direction, crossing at 1 km 

intervals. Trails are marked with a geo-

desic GPS system, so that the measured 

length along trails is the map length. 

Stakes with tags containing the coordi-

nates on the grid system are placed at 

50 m intervals along the trails. Altitude is 

recorded for each stake by a professional 

topographer. Plots are installed along 

trails in one direction (usually East-West), 

at 1-km intervals, and the standard grid 

has 30 regularly-spaced plots. 

The RAPELD system also has smaller 

modules for assessments over larger areas 

using methods that are comparable to 

those used in the regular grids. These 

modules are smaller than the standard 

grid, but have the same structure: trails 

and plots with the same size and the same 

distance apart. The most frequently used 

module consists of only two parallel 5 km 

trails 1 km apart, with 10 regularly-spaced 

plots. 

Regularly-spaced plots do not have a 

fixed shape, but have a 250 m center line 

that follows the elevational contour. The 

width of the plots varies according to the 

biological group being sampled (Fig. 2). 

Since plots do not have a fixed regular 

shape, the area is not exactly the width 

multiplied by the length, and must be cal-

culated for each plot to allow calculation 

of correct density estimates. However, the 

difference is small, and generally less 

than the difference between the plan area 

and the ground area in conventional 

square plots. As the plots follow the con-

tour line, variation in altitude within each 

plot is small, and this allows the use of 

altitude as a predictor variable. Although 

altitude per se probably does not directly 

affect organisms in the tropical lowlands, 

it is related to many other characteristics 

which may directly affect organisms, such 

as drainage, soil, light and litter deposi-

tion, and is easily retrieved from maps or 

satellite images. 

The vegetation sampling is conducted 

on both sides of the center line. Along this 

line there is a 0.6 to 1 m wide access trail 

for access by researchers. All surveys are 

undertaken along the entire long axis of 

the plot (250 m), but the width varies for 

each life-form depending on its size. The 
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Fig. 1: Distribution of RAPELD 25 km
2
 grids (squares) and modules (triangles), 

which are smaller units, generally 5 km
2
, in Brazil. Red squares and yellow triangles 

represent research sites financially installed by PPBio and blue squares and orange 

triangles by partners. Stars represent regional hubs. 

objective is to adjust the plot size to have 

enough representation for that life-form, 

in a reasonable time and cost. Trees with 

a diameter at breast height (DBH) greater 

or equal to 30 cm and lianas with diame-

ter (D) ≥ 5 cm at 130 cm from the rooting 

point are surveyed in a 40 m wide strip, 

20 meters to each side of the center line. 

The strip is 20 m wide for trees with DBH 

of 10 cm or more, and 1.5 to 4 m for 

small trees and shrubs with DBH ≥ 1 cm. 

Lianas with D ≥ 1 cm at 130 cm from the 

rooting point are surveyed in 10 m wide 

plots. Herbs are usually surveyed in 1.5 to 

2 m wide plots. Each tree, shrub and liana 

stem has its diameter measured providing 

information to calculate density, basal 

area and biomass. Biomass is calculated 

using published allometric equations. 

Herbs are counted considering clumps as 

individuals, and cover measurements are 

made by the point method (Buckland 

1997). Because plots are narrow, it is rela-

tively easy to locate marked individuals 

within a plot. It generally takes about four 

days to mark all woody plants > 1 cm 

DBH in the subplots. 

The taxonomy of the first metadata was 

documented using the Cronquist system 

for plant names. Currently, plant names 

follow the APG II and the researchers and 

data managers are instructed to revise the 

names according to the International Plant 

Name Index (http://www.ipni.org/), but 

we intend to consult other initiatives in 

near future, such as The Plant List 

(http://www.theplantlist.org/). 

Riparian plots are also established 

where drainages cross the trails, because 

regularly spaced plots do not fall fre-

quently in this important habitat. Riparian 

plots are similar to the regularly spaced 

plots, but instead of following the contour 

line, they follow the stream margin. In 

some biomes, other plots are placed 

where special vegetation or landform fea-

tures intersect trails, such as plots in forest 

patches in the Pantanal wetlands. The ob-

jective is to maintain the general confor-

mation of regularly space plots, while al-

lowing distribution of plots to intercept 

strata that may be of special interest to 

individual researchers, but that are under 

represented by regular sampling. 

Ancillary information 

Basic data on abiotic variables available 

for all plots include plot coordinates, soil 

type, altitude and slope. Soil samples are 

taken in each plot at 50 m intervals along 

the main axis of the plot, totaling 6 sam-

ples, which are analyzed for texture and 

chemical properties. Slope measurements 

are taken with a clinometer perpendicu-

larly to the main axis of the plot at the 

same points that soil samples are col-

lected. Altitude where the plot adjoins the 

trail is measured with a theodolite, by a 

professional topographer. 

Additional abiotic data available for 

some of the plots include distance to the 

nearest water course (measured with a 

tape laid perpendicularly to the main axis 

of the plot to the margin of the water 

course); water table fluctuation (measured 

with dip wells); understory light (meas-

ured with hemispherical photographs or 

light sensors); litter quantity (measured as 

dry mass per area or depth), and percent-

age of burned plot area in fire prone areas.  

The environmental measures from each 

plot can be used to investigate the distri-

bution of plant taxa throughout the land-

scape or along environmental gradients. 

Analysis of the mesoscale response of 

trees, palms, shrubs, herbs and ferns in 

relation to topography, soil and water-

sheds has already been undertaken for 

some sites (Costa et al. 2005, 2009, 

Kinupp & Magnusson 2005, Costa 2006, 

Carvalho et al. 2007, Zuquim et al. 2007, 

2009 Drucker et al. 2008).  

We found that composition of all plant 

groups studied to date varies along topog-

raphic gradients, with many species re-

stricted to sandy lowland areas and others 

to clayey uplands. However, variation in 

composition is not homogeneous along 

topographic gradients. Gradients within 

gradients are found in riparian plots, 

linked to the distance from watercourses 

(Drucker et al. 2008, Costa et al. 2009). 

An unexpected finding was a significant 

difference in composition between 

neighboring watersheds within a single 

grid, which differ little in soil properties, 

which is probably attributable to land-

scape configuration (Costa et al. 2005, 

Kinnup & Magnusson 2005). 

Data management 

An aspect that permeates all compo-

nents of the program is that data should be 

made publicly available as soon as possi-

ble, and this is made explicit in the data-

policy document. The Information Man-

agement Committee, the Scientific Com-

mittee, and the core of the Information 

Technology group, plan, maintain and 

execute the Data Policy of the PPBio. Ac-

cording to the Data Policy, all metadata 

should be available to the Information 

Management Committee within 30 days 

of data collection, and the preliminary 

data within 12 months of data collection 

(http://ppbio.inpa.gov.br/politicadados). 

Researchers interested in using the data 

for publications should contact those 
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listed as responsible for the data in the 

metadata to discuss authorship. 

Promoting a data-sharing culture has 

always been an important goal of the 

PPBio. Standardized RAPELD field sur-

veys generate heterogeneous data sets, 

which make data documentation an issue 

of great importance to enable integration 

with data from other sources. Therefore, 

researchers have been encouraged to pro-

vide metadata describing their data sets 

based on the EML specification (Ecologi-

cal Metadata Language, Fegraus et al. 

2005). Metadata and data collected since 

2005 in more than 1,600 RAPELD 

relevés are available in the PPBio website 

(http://ppbio.inpa.gov.br/) (Fig. 3). Some 

researchers were reluctant to make data 

available early in the program, but the 

data-sharing culture is now entrenched in 

the PPBio community. The program pro-

vides an open-access database on Amazo-

nian biodiversity freely available to soci-

ety. The possibility to analyze data inte-

grated across temporal and regional scales 

has led researchers to increase the range 

of answerable questions and encourage 

more researchers to participate.  

A key difference from other programs 

is that the PPBio has a full-time data 

manager, exclusively responsible for 

guaranteeing that time limits of the data 

policy are respected, checking data qual-

ity and uploading metadata and data. 

Therefore, the researchers do not upload 

the data directly into the database, a proc-

ess that is prone to errors and idiosyncra-

sies. Interaction between the data manager 

and researchers occurs mostly through 

email or, in some cases, through direct 

conversation, and usually takes three 

weeks between the first contact, revision, 

and the metadata and data being made 

available online. All researchers are also 

encouraged to store their field data (field 

sheets, notebooks) scanned in PDF format 

in the website as a security copy. Provi-

sion of a dedicated data-repository man-

ager has avoided the “empty-archive” 

syndrome (Nelson 2009). 

 

Fig. 2: Schematic representation of a RAPELD plot. The 250 m center line follows the altitudinal contour in straight-line seg-

ments of 10 m. Different taxa are surveyed in plots of different width. For example, trees with diameter at breast height (DBH) ≥ 

30 cm and lianas with D ≥ 5 cm at 130 cm from the rooting point are surveyed in a plot that is 40 m wide (discounting the 1 m 

wide access trail in the middle) (A). Trees (including palms) with DBH ≥ 10 cm is surveyed in a 20 m wide plot (B). Small trees 

and shrubs with DBH ≥ 1 cm have been surveyed in plots that are 4 m wide. Herbs are surveyed in still narrower plots (D). Also 

lianas with D ≥ 1 cm at 130 cm from the rooting point are surveyed in a plot that is 10 m wide. 
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A Plate: Vegetation types featured by 

the PPBIO database GIVD ID SA-BR-

001. 

A:  ### (photo by ###). 

B:  ### (photo by ###) 

C:  ### (photo by ###) 

 

 

Plate: Vegetation types featured by 

the PPBio database GIVD ID SA-BR-

001. 

A:  Flooded forest at BR-319 research 

site (Photo: F. Penna Espinelli). 

B:  Stream at Ducke Forest Reserve 

(Photo: D. Drucker). 

C:  Vegetation at Viruá National Park 

(Photo: F. Costa). 
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Fig. 4: Ground LIDAR survey used for calibration of relevés based on remote sens-

ing technology (Photo: J. Bryant; http://www.envirofoto.com). 

 

Fig. 3: Cumulative increase in RAPELD relevés in the PPBio data repository with 

time. 

To address complications concerning 

the heterogeneity of ecological data and 

data integration, the datasets are stored in 

a repository with some pre-defined attrib-

utes common for every data set, such as 

research site, plot identifier and date. 

Other attributes are specific to each data 

set. Therefore our database is suitable to 

any type of data. The plot identifiers in 

the pre-defined attributes are also stan-

dardized to avoid misspelling. As relevés 

are based on the plot identifier, use of 

idiosyncratic names (e.g. LO_1500 and L-

1500) for the same plot will create confu-

sion in the future. Use of generic identifi-

ers, such as “Plot 1”, which could refer to 

plots in other systems, is potentially even 

more misleading. In addition, manipula-

tion generally degrades data in a way that 

the information in the raw data cannot be 

recovered, and this limits future analyses. 

Therefore, we strongly recommend that 

researchers make available raw data that 

can be easily manipulated to other formats 

when required. 

Data validation consists in a careful ex-

amination of outliers, errors and missing 

data using graphical exploratory data 

analysis. When an outlier or extreme 

value is found, the researcher responsible 

for the data set is alerted. If the value is 

correct, the data set is published in the 

website. If the value is an error, the cor-

rection is made and only then the data is 

made available on the website. No outlier 

or extreme values are discarded. In addi-

tion, a major concern is the correct re-

cording of missing data. Often the distinc-

tion between a numeric value of zero (e.g. 

the absence of individuals of a given spe-

cies in a plot) and absence of data is not 

clear. Zero values are sometimes repre-

sented by blank cells, which confound 

zeros with missing data. 

Metadata and data, after their validation 

by the data manager, are stored in a meta-

data repository on a web server and are 

available for viewing and downloading 

directly from the PPBio web site. Meta-

data were initially stored in manually cre-

ated pages in HTML format, the data ta-

bles attached in PDF and CSV formats, 

and organized by research site. This sys-

tem has proved to be useful for the 

amount of information gathered in the 

first five years of the program. However, 

new features were developed and have 

recently been incorporated into the PPBio 

information system as a result of the in-

creased value given to data sharing and 

the rapid increase in the volume of data, 

which required new data-querying tools. 

To facilitate data searches, all the meta-

data were converted to XML, and the 

PPBio has installed a METACAT server 

(http://knb.ecoinformatics.org/software/ 

metacat/) to integrate with the Knowledge 

Network for Biocomplexity (KNB), a 

network which aims to assist ecological 

and environmental research. The META-

CAT server is a repository for metadata 

and data that makes datasets discoverable 

through consistently described metadata. 

This system allows the storage of any 

kind of data as an attached file in the 

metadata, whereas storing the data itself 

in a database system such as MySQL or 

PostgreSQL requires defined and fixed 

attributes. Such database systems can be 

developed for specific purposes from the 

data repository (e.g. DB for tree biomass 

measurements). Some metadata are still in 

Portuguese, but translation of all metadata 

to English will be available shortly. 

Remote sensing 

The uniformly-distributed RAPELD plots 

are 250 m in length for all organisms sur-

veyed, and this allows evaluation of the 

possibility of using remote sensing to 

model distributions. RAPELD sites are 

being used by the remote-sensing com-

munity for a variety of calibrations. 

Schietti et al. (2007) used ground eleva-

tion data from several RAPELD Long 

Term Ecological Research (LTER) sites 

with distinct vegetation types to calibrate 

http://www.envirofoto.com/
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Fig. 5: Field course for federal management agencies to show data collection pro-

cedures and to teach how data from field surveys can be used for making manage-

ment decisions. 

Shuttle Radar Topography Mission 

(SRTM) data and evaluate the use of this 

radar for association with species distribu-

tion patterns. A consortium of Brazilian 

and North American researchers (http:// 

www.amazonpire.org/) are using data of 

tree live biomass, tree growth and mortal-

ity rates and coarse wood debris from 

RAPELD and other long-term monitoring 

sites in Amazonia to calibrate air-borne 

Light Detection and Ranging (LIDAR) 

data. Airborne LIDAR and RAPELD 

vegetation data are also being calibrated 

against ground LIDAR (Fig. 4), and in the 

future will be used to calibrate satellite-

borne LIDAR (Vierling et al. 2011). The 

calibration among vegetation, ground LI-

DAR and airborne LIDAR data is being 

undertaken in the RAPELD plots at Adol-

pho Ducke Forest Reserve and calibra-

tions between vegetation structure and 

ground LIDAR data are being conducted 

in 11 RAPELD sites. 

Faunal studies and vegetation 
data 

The PPBio standardized relevés allow not 

only investigation of the spatial distribu-

tion of plant species but also the land-

scape patterns of diversity and species 

distribution of animals and their relation-

ships with vegetation structure. As in 

plant studies, different widths of plots or 

subsamples are taken along the 250 m 

center line of each plot to adjust the scale 

of sampling organisms in accordance with 

body size, local abundance and movement 

patterns. Some examples of these studies 

are the effects of sessile palm density on 

scorpion abundance (Araujo 2007) and 

oribatid mites assemblage composition 

(Moraes 2011); the influence of tree den-

sity on the spatial distribution of frog spe-

cies (Menin et al. 2007) and frog assem-

blage composition (Condrati 2009); the 

relationship between tree, shrub and herb 

dominance and the diversity patterns of 

coprophagous scarab beetles (Tissiani 

2009). Most of these studies are based on 

Masters and PhD theses and can be freely 

accessed through the PPBio web site 

(http://ppbio.inpa.gov.br/public). 

Conclusion 

The PPBio database has provision for 

making available data collected under 

other systems. The possibility of inte-

grated biodiversity surveys that are useful 

to management agencies (RAPELD sys-

tem) has revolutionized the relationship 

between scientists and practicing conser-

vationists. Biologists are now having dif-

ficulty keeping pace with the RAPELD 

field-survey infrastructure being installed 

by conservation agencies and the private 

sector (Fig. 5). RAPELD grids and mod-

ules have been installed in Brazilian sa-

vannas, the Pantanal wetland, agricultural 

areas in São Paulo State, and plans are 

underway to install them in the sea. The 

system has been adopted in Australia and 

Nepal (http://ppbio.inpa.gov.br/ppbio 

inter/). Biologists in other countries, such 

as Bolivia and Peru are seeking funds to 

install RAPELD infrastructure, and a grid 

is planned to be installed in Oregon in the 

USA in 2012 (M. Hero, pers. comm.). 

The effort to work at scales that are of 

interest to land managers, such as park 

administrators and governmental envi-

ronmental agencies, using techniques that 

allow integration of data from different 

taxa and ecosystem processes has not re-

duced the academic quality of the studies. 

In fact, most researchers that have worked 

within the RAPELD system have actually 

increased their academic output (see pub-

lications in http://ppbio.inpa.gov.br/ 

public). The RAPELD system has been 

used as the basis for programs financed 

by the Federal Education Ministry to in-

crease scientific output of post-graduate 

students and professors. Perspectives for 

the future include increased demand for 

information on biodiversity from profes-

sionals in various areas associated with 

land-use planning, which will put pressure 

on politicians for maintenance of herbaria 

and zoological collections, and taxono-

mists training. We invite readers to con-

sider the installation of the RAPELD in-

frastructure in their areas. 

Ecological data sharing is necessary to 

measure the success of research projects 

and to enable integration in large-scale, 

long-term multi-disciplinary ecological 

projects (Reichman et al. 2011). Some 

funding agencies already require a Data 

Management Plan for project applica-

tions; many important journals have dedi-

cated special issues to address advantages 

and the main challenges, and most of 

these require that the datasets of published 

papers are available in an electronic data 

repository. However, this culture is still 

not widely accepted by all groups within 

the scientific community. Technological 

issues are not barriers to open access to 

data. In PPBio, as in many other projects, 

the cultural barrier is the principal diffi-

culty, and this is the reason that the pres-

ence of a data manager has a major im-

pact in the project’s success in data shar-

ing. 

Since its creation in 2004, the PPBio 

Amazonia has made available more than 

270 metadata and 180 datasets. It has pro-

duced 11 field guides, published books on 

research in the grids installed in Reserva 

Ducke in the Amazon and the Pirizal in 

the Brazilian Pantanal (Oliveira et al. 
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2008, Fernandes e. al. 2010), coordinated 

more than 70 outreach events and con-

tributed to the production of numerous 

collaborative research papers, all of which 

are available in the website. The metadata 

and data summaries provided by the 

PPBio are contributing to collaborative 

strategic actions by several Brazilian in-

stitutions to meet the goals set by the 

Convention on Biological Diversity. 
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