Supporting Online Material for

Biodiversity Conservation Research, Training, and Policy in &0 Paulo

Carlos A. Joly,* Ricardo R. Rodrigues, Jean Paul Metzger, Célio F. B. Haddad,
Luciano M. Verdade, Mariana C. Oliveira, Vanderlan S. Bolzani

*To whom correspondence should be addressed. E-mail: cjoly@unicamp.br

Published 11 June 2010, Science 328 (2010)
DOI: 10.1126/science.1188639

BIOTA/FAPESP Science Plan & Strategies for the next decade

00 BioTA

A FAPESP

SCIENCE PLAN & STRATEGIES FOR THE
NEXT DECADE

Carlos A. Joly 7 IB/UNICAMP
Célio F. B. Haddad i UNESP/Rio Claro
Luciano M. Verdade i ESALQ/USP
Mariana Cabral de Oliveirai IB/USP

Vanderlan da Silva Bolzani i UNESP/Araraquara

December/2009


mailto:cjoly@unicamp.br

http://www.sciencemag.org/cgi/content/full/328/5984/1358/DC1

RAYAAAS

17 Introduction
2 - Aregional overview of biodiversity

3 -The BIOTA/FAPESP Program

3.1 - The creation of the Program

3.2 -The Environmental Information System, SinBiota-

http://sinbiota.cria.org.br

3.3 - Atlas BIOTA/FAPESP - http://sinbiota.cria.org.br/atlas

3.4 - SpeciesLink
3.5 - The BIOTA/FAPESP meetings

3.6 - Biota Neotropica (http://www.biotaneotropica.org.br)

3.7 - BlIOprospecTA - Sédo Paulo State Bioprospecting Network
(http://www.bioprospecta.org.br)

3.8 - Improving public policies of biodiversity conservation and

restoration
3.9 - Publications & human resources

3.10 - Internet 2

4 - Planning the next 10 years
4.17 Including native biodiversity restoration as one main
objective of the BIOTA/FAPESP Program
4.2'7 Development and implementation of a new information
system for the BIOTA/FAPESP Program
4.3 7 Biodiversity Inventories T DNA Barcoding
4.47 Phylogeny & Phylogeography

4.5 - Ecosystem functioning & Landscape Ecology

11 JUNE 2010 VOL 328 SCIENCE www.sciencemag.org
Published by AAAS

04
05

07

26


http://sinbiota.cria.org.br/
http://sinbiota.cria.org.br/atlas
http://www.biotaneotropica.org.br/
http://www.bioprospecta.org.br/

http://www.sciencemag.org/cgi/content/full/328/5984/1358/DC1

RAYAAAS

4.6 7 Marine biodiversity

4.771 Applied ecology and human dimensions in biological

conservation

4.8171 Invasive species & GMOs
497 Modeling

4.107 BIOprospecTA

4.117 BIOTA NEOTROPICA

4.12 i Education & Public Outreach

57 Acknowledgements 60

6 - References 61

11 JUNE 2010 VOL 328 SCIENCE www.sciencemag.org
Published by AAAS



http://www.sciencemag.org/cqgi/content/full/328/5984/1358/DC1

RAYAAAS

1 - Introduction

Biological diversity, or biodiversity, is the term given to the variety of life on
Earth. It is the combination of life forms and their interactions with one another, and
with the physical environment that has made Earth habitable for humans.
Ecosystems provide the basic necessities of life, offer protection from natural
disasters and disease, and are the foundation for human culture. The Millennium
Ecosystem Assessment (2005) 0 a scientific undertaking involving over 1300
experts working in 95 countries 8 recently confirmed the overwhelming
contributions made by natural ecosystems to human life and well-being. Yet even
as we begin to better understand what is at stake, genes, species and habitats are
rapidly being lost.

Concern over the loss of biodiversity and the recognition of its important role
in supporting human life motivated the creation, in 1992, of the Convention on
Biological Diversity/CBD, a legally binding global treaty. The Convention
encompasses three equally important and complementary objectives: the
conservation of biodiversity, the sustainable use of its components, and the fair and
equitable sharing of benefits arising out of the utilization of genetic resources.
Participation in the Convention is nearly universal, a sign that our global society is
well aware of the need to work together to ensure the survival of life on Earth.

The loss of biodiversity constitutes a critical problem for human existence to
the extent that biodiversity science is amply recognized as a priority area of
scientific research in both the developed and developing world. On the other hand,
the chemodiversity associated to biodiversity constitutes one of the most important
defense strategies for maintenance of the planet, due to animals, including humans,
and most of microorganisms depend directly or indirectly on plants as a source of
food. Biodiversity science spans a wide range of basic scientific disciplines ranging
from molecular genetics through to systematics, population through to ecosystem
ecology and macroecology, as well as integrative research areas such as
conservation biology, biocultural conservation, impacts of climate change, complex

systems, ecological economics and environmental ethics (Arroyo et al 2009).
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2 - Aregional overview of biodiversity

The Neotropical region that stretches from southernmost North America
through to southernmost South America, thus encompassing most of the Latin
American countries, is one of the most diverse biogeographic regions on Earth
(Mufioz & Mondini, 2008).

Palaeogeographic evolution of the Neotropical region over more than 100 Ma
fostered an increasing compartmentalization and resulted in a marked increase in
biome and habitat diversity throughout the Cretaceous, Tertiary and Quaternary.
The arrival of humans 14,500 BP, was followed by intensive cultural diversification
and mostly non-intensive land use. Up until pre-Colombian times, the physiographic
evolution of the Region together with the outstanding cultural diversification of the
Amerindians, reflected in hundreds of languages, generally favored the
accumulation of biodiversity and related cultural knowledge. A reverse trend was
set into motion in post-Col ombi an ti me, cul mi nmseatei ng [
agriculture, plantation forestry and increasing urbanization. In 2006 the UN
Population Division projected that in 2050 Latin America urban population will
exceed the entire population living in the region today (Arroyo et al, 2009). On the
other hand the surviving Amerindians are assembled into 400 groups, representing
34 language families and two special language groups (Montenegro & Stephans,
2006) and represent a mere 1.6% of t he wor
population of Latin America today.

The Neotropical region monopolizes the P
of biogeographical divisions, diversity of ecosystems, diversity of species, diversity
of life forms and functional groups, concentration of endemic organisms, agro-
biodiversity associated with cultural diversity.

Some highlights are: six countries of the Neotropical Region fall into the
Megadiverse league; 32% of global biodiversity in vascular plants, summing to an
estimated 95,000, for a land area constituting 9.6% of total land area worldwide; in
South America: 33% of global biodiversity in birds, 32% of anurans, 25% of
mammals and 20% of reptiles; two Vavilovian Centers of Origin of Agriculture and
Plant Domestication; seven of the 25 Biodiversity Hotspots for Conservation

Priority; a recently-discovered Hotspot for bryophytes at the extreme southern end
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of South America; 22% of global Frontier Forest. Brazil, the largest country in the
region, has an estimated 170-210 thousand described species considering all
taxonomic groups, but is believed to have around 1.8 million in total, taking into
account microorganisms and fungi (Lewinsohn & Prado 2005). If we consider only
vascular plants the country holds 13%

Main threats to biodiversity of the region are deforestation, fire, over-
exploitation, the introduction of exotic species, climate change, and pollution. It is
particular worrying that: South America suffered the greatest ever-net forest
reduction over the years 2000 to 2005; the Brazilian Cerrado is now disappearing at
more than twice the rate as the Amazon rainforest, and; rates of deforestation in
other Megadiverse countries like Mexico are still very high. Neotropical terrestrial,
fresh-water and marine habitat have already received large numbers of exotic
species, spanning the taxonomic hierarchy, but our knowledge regarding specific
impacts on biodiversity is woefully incomplete.

Climate warming should lead to easier pole ward migration of species in the
northern extreme than in the southern part of the Neotropical region, as a result of
the fact that the amount of land increases with an increase in latitude north of the
tropics, while in the South America south of the equator, the opposite is true.
Results of the first modeling studies on the impacts of climate change suggest
certain losses of biodiversity, along with complex feedbacks between drivers such
as deforestation and climate change, leading to an exacerbation of global warming.
However, experimental studies are still few and, overall, biodiversity scientists in
Latin America, particularly ecologists, have been slow to rise to the challenge of
tackling, large-scale, complex problems through networking and data sharing
(Arroyo et al 2009).

As been pointed out by a recent review of ICSU-LAC (Arroyo et al 2009)
huge asymmetries with respect to basic knowledge and/or its accessibility
characterize marine and freshwater versus terrestrial habitats. A serious problem in
general concerns the lack of georeferenced biodiversity data and the willingness of
institutions, with some notable exceptions (e.g. CONABIO, INBio, BIOTA/FAPESP),
to make data available on online. The study of ecosystems services is hindered by
the lack of data on carbon sequestration, nevertheless, economic valuations of

some ecosystem services are beginning to appear, and ecotourism and its variants
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are well developed in the Region. Climate change research at an ecosystem level is
hindered by the lack of long-term data sets and the compilation of Regional data
sets, although there are some notable exceptions.

Close to 8500 plants and animals in the Neotropical region are considered to
have conservation problems by IUCN standards, but this number is concluded to
grossly underestimate the real situation. The most threatened groups are
amphibians (32% of total) and fishes (24%); however, the vast majority of species
catalogued as endangered (67%), are plants. Although 21% of the Neotropical
Region land area is protected - the highest percentage contribution for all
developing regions of the world, and higher than in the developed countries -
distribution modeling and GAP analysis reveals that the present configuration of
protected areas is not always optimally 1| oc
Moreover there are huge imbalances comparing the protection of wet forest
habitats versus dry forest and scrubland habitats, represented, for instance, by the
Cerrado, and the protection of terrestrial habitats versus marine habitats (Arroyo et
al 2009).

The vast and biologically-rich Neotropical Region presents an outstanding
opportunity to develop biodiversity science in many different dimensions. An
overview of institutional arrangements and resources for biodiversity research
shows that, within the Neotropical Region, there are many institutions devoted, at
least in part, to biodiversity science, among which are found several novel
institutions of international standard fully devoted to biodiversity research (Arroyo et
al 2009).

3 - The BIOTA/FAPESP Program

Within this scenario, in April 1996 the scientific community, working within
the large umbrella that encompasses characterization, conservation and
sustainable use of the biodiversity, started to work on the profile of a research
program aiming at solving these problems. Three years later, in March 1999, the
State of S&o Paulo Research Foundation/FAPESP (http://www.fapesp.br)
launched the BIOTA/FAPESP Program: The Virtual Institute of Biodiversity
(http://www.biota.org.br).
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The state of S&o Paulo, located in the Southeastern region of Brazil, is the
most industrialized state of the country, and has a population of over 40 million
people. It currently presents urban and industrial development rates comparable to
those of Western European countries, such as Spain, Italy, UK, France and
Germany. Sao Paulo has a population of 41.541.191 inhabitants, around 22% of
Brazil's population, a demographic density of 135 persons per km? three big

metropolitan areas, and the most complex urban network of Latin America. Sao

Paul o6s GSP is a US&ciaDnbomei ofh €D@0ApSHE 4 0.

year. Currently, the state has 645 municipalities and the largest transport system of
Latin America, with links between highways, railways, airports and waterways,
interconnecting all municipalities and cities with other Brazilian States, as well as
with the majority of the Mercosul countries. The st ate account s
GNP and 42% of the total Brazilian exports, 11% of non manufactured products and
42% of industrialized goods. Approximately 92% of S&o Paulo exports concern
industrialized goods T including airplanes (EMBRAER), cars, trucks & buses. The
State of Sdo Paulo also contributes with significant part of the Brazilian chemical
industry, with net sales of US$ 103.5 billion in 2008, a new record for the country,

becoming one of the 10 largest in the world. It is also Braziian 6 s bi gge st

or

producer (270 million/tons/year), correspondingto 70 % of Br azi (UBfanobs

5,65 billions in 2007) and is expected to increase another 50% in the next five
years.

The two major biomes of the state, Atlantic Forest and Cerrado (Savannah),
have been reduced to 12% and 2% of their original areas, respectively. With the
exception of the coastal mountains (Serra do Mar), which are still covered with
large extensions of remnants of native Tropical Rain Forest, inland forest and
Cerrado remnants are highly fragmented. Although, forest clearing started in early
1 8 0 0 6gsew exponentially in the last half century. From 1962 to 1992 the state
lost more than 60% of its native Cerrado cover (Governo do Estado de S&ao Paulo,

1993; http://www.biota.org.br/info/Saopaulo/index).

The relevance of biodiversity conservation in these two biomes, Atlantic
Forest and Cerrado, has been recently recognized with their inclusion in the list of
i hot s (Mgerssebal 2000). Therefore, it is not surprising that the biodiversity

numbers of the State are extremely high, around 8000 species of higher plants,
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5500 of algae, more than 2000 of vertebrates, more than 500000 of invertebrates
and the number of microorganisms can only be speculated. At least 30% of these
species are endemic, what makes even more urgent the development of tools to,
simultaneously, increase our knowledge, establish sound conservation policies and
learn to use this natural treasure in a sustainable way. However plant and marine
collections of these biomes would require much more effort than in the past, due
largely to the understanding that the State needs to reap some dividends from the
use of their biodiversity. It was also recognized that conservation and economic
development efforts really needs to go hand in hand with drug discovery work.

One of the major problems was the fact that information regarding the
biological patrimony of the State of Sdo Paulo already available, was fragmented,
disperse, of difficult access and, consequently, underused. Besides, as a
consequence of the lack of an updated cartographic base, the location of sampling
sites, key information, was usually inaccurate. The greatest challenge was to
systematize sampling, using GPS to locate the sampling site/area, to develop an
integrated databank for storing this information, and to produce accurate and
reliable maps for plotting the spatial distribution of species within the State.

3.1 - The creation of the Program
The first problem to be tackled was the development of tools and means to

increase connections among researchers and research institutions working with

biodiversity. Therefore, a homepage (http://www.biota.org.br Figure 1) and a
discussion list were the first steps. Through the discussion list we had a long and
very fruitful discussion about the importance of making information on biodiversity
knowledge available to public access via Internet.
The most important issue from this discussion was concerning copyrights of,
for example, a list of birds, or fishes or plants of Sdo Paulo State published only in
the Internet. Once this was s ol ved, by tagbi ngd t pultlhiec af
metadata label with the copyright information, we started publishing the available
species lists for the State.
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The Research Program on Characterization, Conservation and
Sustainable Use of the Biodiversity of the State of S30 Paulo, called

"BIOTA/FAPESP, The Virtual Institute of Biodiversity"”, is the result of
the articulation of the scientific community in compliance to the
Convention on Biological Diversity, signed atthe 1992 Earth Summitin
Rio de Janeiro and ratified by the Brazilian National Congress in 1994.

Biota/Fapesp Program

BlOprospecTA

BIOTA NEOTROPICA journal
Environmental InfFormation System

portuguées

Figure 1 7 Homepage of the BIOTA/FAPESP Program, with links to all the major
features of the program.

These lists were a starting-point for a thorough inventory of the available
knowledge about our native biodiversity. Taking into account that species from Sao
Paulo State (mainly of vertebrates and higher plants) have been recorded, collected
and described sinceearly 18 006 s by Eur op ena decided that ilwas i on s
important to evaluate the existing knowledge about different taxonomic groups,
ranging from virus to mammals and angiosperms, as well as the list of personnel
and institutions working with each taxonomic group, and the State ex situ and in-
situ infrastructure for their conservation. At that stage there were approximately 70
researchers involved.

In order to consolidate these inventories and discuss how to start a
cooperative effort to study the biodiversity of the State, in July 1997 we organized a
Workshop, with over 100 participants from many research areas and institutions.
The quality of the documents prepared for that meeting encouraged us to publish
them in a series of 7 volumes named Biodiversity of the State of Sdo Paulo: a
synthesis of knowledge at the end of the 20" century (Biodiversidade do Estado de
Séo Paulo: sintese do conhecimento ao final do século XX) and to make them fully

available through the Internet (http://www.biota.org.br/publi) (Figure 2) During that

meeting we defined as long-term common objective for all the BIOTA/FAPESP
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research projects, the study of the biodiversity (using the broadest definition of
biodiversity as stated in the CBD) of the State of S&o Paulo aiming:

a) to inventory and characterize the biodiversity of the State of Sdo Paulo, and
define the mechanisms for its conservation and sustainable use;

b) to understand the processes that generate and maintain biodiversity, as well as
those that can result in its deleterious reduction;

c) to standardize sampling, making the use of GPS mandatory;

d) to make information relevant to conservation and sustainable use of biodiversity
available to decision makers;

e) to ensure fast and free public access to this information;

f) to improve teaching standards on subjects related to conservation and

sustainable use of biodiversity.

‘ Ff ) BIOUIVERSIDALE BIODIERSIDADE
TCRe e L YOMMEEIDIE. i

b

U\

r‘[)

eI B0DELSI0ADE BIODIYERSIDADE

(il ole

DO LSTADO uxmww RS
DN ESTADG OF 510 PAUID, BRASE T s wen

taen g

Figure 21 Copy of the covers from the 7 volumes of the Biodiversity of the State
of S&o Paulo: synthesis of knowledge at the end of the XX century series.

The research projects linked to the Program were conducted in order to
increase the academic knowledge a b out t h e biodversity, eand to,
simultaneously, produce data potentially useful for improving State policies on
biodiversity conservation and sustainable use.

All major public universities (USP, UNICAMP, UNESP, UFSCar, UNIFESP),
some private universities (such as PUC, UNAERP, UNITAU, UMC and

UNISANTOS), research Institutes (such as the Instituto de Botanica, Instituto
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Florestal, Instituto Geologico, INPE), EMBRAPA Centers, and NGOs (such as
Instituto Socioambiental, Fundacdo SOS Mata Atlantica, Conservation International
and Reference Center on Environmental Information/CRIA) took part in the first ten
years of the Program. Considering just researchers linked to those institutions
within the State of S&o Paulo, the BIOTA/FAPESP community brings together
approximately 500 PhDs, plus 400 graduate students. In addition there are 100
collaborators from other Brazilian states and approximately 80 from abroad.

An important feature of the BIOTA/FAPESP Program is that the researchers
involved are conducting their research on areas of their specific training and skKill,
but all of them have added common goals to their projects. Furthermore, they are
using a set of common tools that have been developed for integrating data within
the BIOTA/FAPESP Program.

3.2 - The Environmental Information System/SinBiota-

http://sinbiota.cria.orqg.br

The establishment of a standard record form to register sampling data also
enhanced connectivity among projects. All research teams discussed this protocol
during almost one year, before reaching a final agreement on the mandatory fields.
In the end, the following nine mandatory fields were established: sampling author;
date; locality, including the geographical coordinates obtained by GPS; municipality;
watershed; taxal; method; ecosystem and Conservation Unit (if applicable).
Besides these nine mandatory items, there are more than forty supplementary
fields that can be used to give more detailed information, if required, regarding the
specific taxonomic group or research.

As the result of a collective effort, these tools (standard sampling form and
standard form for species lists) have proved to be suitable to all new research
projects and are strongholds of the BIOTA/FAPESP Program. They were also
essential to the construction of a databank for registering all samples collected by
researchers participating in the Program. All data produced is included in the
Environmental Information System (http://sinbiota.cria.org.br) implemented by the

Reference Center on Environmental Information/CRIA (http://www.cria.org.br) in
collaboration with the Instituto de Computacdo (http://www.ic.unicamp.br) of the

State University of Campinas/UNICAMP (http://www.unicamp.br) (Figure 3). This
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system uses free computational languages and software, therefore it can be applied
for developing similar systems in other states of Brazil or elsewhere, at low cost.
During the development of the system major international initiatives, such as
Species 2000 (http://www.sp2000.0rg), were studied and considered, opening
possibilities for future integration of the SinBiota with these worldwide efforts.

A standard pattern of species lists was established for each major taxonomic
group recognized by Margulis & Schwartz, K.V. (1997). Consequently, attached to
the metadata of where, who, when and how sampling was carried out, the
researcher sends the associate list of taxa collected in that specific locality.

3.3 - Atlas BIOTA/FAPESP - http://sinbiota.cria.org.br/atlas

Along with the development of the database and its interface with Internet, a

digital map of the State of Sdo Paulo, in a 1:50.000 scale, was produced in
collaboration with the Instituto Florestal (http://www.iflorestsp.br/) and UNICAMP

(Instituto de Geociéncias http://www.ige.unicamp.br ; Faculdade de Engenharia

Agricola http://www.agr.unicamp.brand CEPAGRI http://www.cpa.unicamp.br). The

map has detailed information about: urban areas; roads; county boundaries; rivers;
areas covered by Eucalyptus spp and Pinnus spp. plantations; Conservation Units;
and remnants of native vegetation. The natural vegetation is divided into: primary
and secondary Atlantic forests; all three physiognomies of Cerrado (open
grassland; grassland with shrubs and trees; predominantly trees and shrubs);
riparian forests; floodplain vegetation and coastal vegetation (mangroves and
restinga, which is a kind of forest growing on sandy plains of coastal regions
seasonally waterlogged by brackish waters). The digital atlas is an assemblage of
the 416 cartographic charts from the 1972 IBGE (Instituto Brasileiro de Geografia e
Estatistica http://www.ibge.gov.br) map of Sdo Paulo State, updated with Landsat 5
or 7 satellite images from 1998/99. (Figures 4 & 5)
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Figure 4 i Map of the remnants of native vegetation of the State of Sdo Paulo.
Brown and Dark Green i Ombrophylus Dense Forest; Yellow 1 Araucaria Forest;
Grey 1 Semideciduous Forest; Blue and Light Green 1 Cerrado.

R
biota ¥, Camadas [ M Buta- Vegetado Secundiria da Firesta Estacional em

Contato Savana/Fleresta Estacional

0O M contato Floresta Estacional Semidecidual/Floresta

Selecione as camadas que queira adcionar ao mapa. Ombrofila Mista

li no icone & par lizar 0 mapa.
Clique no icone & para atuslizar o mapa 0 M Biota - Floresta Estacional em Contato Floresta
EstacionalFloresta Ombrofila Mista

[ Biota - Divisa Estadual &

D Biota - Vegetagio Secundaria da Floresta Estacional em
Diversos Contato Floresta EstacionalFloresta Ombréfila Mista
@ B NASA - Mosaico THT (WMS) &, [[] M Biota - Unidades de conservagio do IF &
O B America do Sul - Mosaico MODIS O Nomes das UCs
0 & Biota - Mosaice [ " Biota - Area Urbana
[0 & MMA-UCs Federais pAms) S [] M siota - Represa
|:| M Brasil - mar territorial (370km) D /V Biota - Hidrografia
O Brasil - Divisa Estadual (com siglas) F Nomes dos Rios
O Brasil - Divisa Municipal [] /¥ Biota - Rodovia
Floresta [0 @ siglas das Rodovias
O Biota - Agrupamento: Floresta Ombrofila Densa & O Nomes das Rodovias
0O M Biota - Floresta Ombrofila Densa Alto-Montana [ [ Biota - Divisa Municipal
O B Biots - Floresta Ombréfila Densa Montana 0 e T &
D M Biota - Florests Ombrfils Densa Submontane O Biota - Unidades de gerenciamento de recusos
0 M Biota - Florests Ombrofila Densa das Terras hidricos
Boios [0 [ Homes das URGRHs
Vegetacio Secundéria T e— =
0 M Biota - Vegetaco Secundaria da 4 - Divisa tetadual transparen
Floresta Ombrdfia Densa Alto-Montana Ll H grid

M Biota - Vegetacdo Secundaria da
Floresta Ombréfila Densa Montana

0 I Biota - Vegetaciio Secundéria da [[] & Todas as coletas do SinBiota
Floresta Ombréfia Densa Submontana

F A Registros do speciesLink no estado de Sio Paulo

Figure 571 Atlas BIOTA/FAPESP i part of the optional layers to be selected for on
the fly map production.
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The geographic coordinates, one of the mandatory fields from the standard
sampling form, connect the database to the digital map, allowing, in this stage, a
di spl ay fhAloyno tdpfatial tdistebution of occurrence sites of species
registered in SinBiota. The system also allows zooms, besides the connection with
the standard sampling form related to the sites plotted on the map, and the

visualization of all the registered information concerning that species (Figure 6)

Figure 6 1 Sampling effort within the State of Sdo Paulo. In blue samples collected
by the BIOTA/FAPESP Program; in red samples deposited in biological collections
(Museum & Herbaria)

3.4 - SpeciesLink

Once solved the problem of a standard method to register samples collected
within the BIOTA/FAPESP Program, we turned our focus to make available the
precious information withhold by Museums, Herbaria, Culture Collections,
Arboretums and other biological collections of the State of S&o Paulo. With this
objective the Program financed the development of the "Distributed Information

System for Biological Collections: Integrating Species Analyst and SinBiota
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(FAPESP)", also known as speciesLink. The main goal of the project was to
implement a distributed information system to retrieve primary biodiversity data
from collections within the state of Sdo Paulo, Brazil, integrated to other networks
and to the observation data registered in the SinBiota database. A number of tools
were also developed to help collections with data cleaning and to enable ecological
niche modeling. The project team aimed at using current advances in databases,
distributed systems, communication protocols, connectivity (Internet 2) and artificial
intelligence, to achieve the following goals:

a) to develop a distributed information system to retrieve biodiversity data from
biological collections within Sdo Paulo State, from SinBiota, and from collections
participating in international information networks;

b) to study and develop mathematical models to predict species' ecological niches
and geographical distribution, using data from the distributed information system as
input;

c) to develop applications to solve specific problems in biodiversity, such as:
invasive species, climate change, endangered species protection, conservation
management, using data from the distributed information system and also the
modeling tools.

At the start 12 collections of the State of S&o Paulo were connected, but the
project gained momentum once curators of biological collections realized the
increase in visibility of their institutions through making their data available to
internet, having assured the recognition and the credit of their scientific authority.
The fear of loosing identity gave place to a great interest in not only making the
effort of digitizing labels, but whenever possible scanning the material and placing
also the image in the internet (one excellent example is the digital collections of
plant type material that most herbaria around the world made available in the last
decade). In the digital era biological collections centuries old gained a new role of
paramount importance, as holders of data on species geographical distribution in
the past to support biogeographical studies as well as species extinction. As a
result of its success further development of the speciesLink project was funded by
GBIF (Global Biodiversity Infrastructure Facility) and JRS Foundation and today
interconnects 159 biological collections from S&o Paulo State (Instituto de

Botanica/IBt, USP, UNICAMP, UNESP, Instituto Agronémico de Campinas/IAC,
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Instituto Florestal/lF, Instituto Butantan, Instituto Bioldgico, Instituto Adolfo Lutz,
Instituto de Pesquisas Tecnoldgicas/IPT), from other Brazilian States (including
INPA, Rio de Janeiro Botanical Garden, Museu Nacional, FIOCRUZ, EMBRAPA,
Federal Universities of CE, ES, PE, PI, PR, RN, SE, PUC Rio Grande do Sul, UE
Londrina, UE Maringd), from abroad (New York Botanical Garden, Missouri
Botanical Garden, University of California, Pontificia Universidad Catolica del
Ecuador) as well as other international initiatives (GBIF, OBIS/Ocean
Biogeographyc Information System). In total the system holds on line information
about 3,000,602 registers, from which 1,362,378 are georeferenced.

3.5 - The BIOTA/FAPESP meetings

In spite of these electronic means of connecting research projects,
researcher meetings are of paramount importance. In ten years the
BIOTA/FAPESP Program organized SiX Symposia

(http://www.biota.org.br/info/historico), with the participation of project leader/senior

researchers along with undergraduate (BSc)/graduate students (MSc and PhD),
and pos-docs.

During the year there is at least another general meeting involving project
leader/senior researchers, and usually one thematic meeting, for example, bringing
together all research teams working with fresh water, from invertebrate to
watershed functioning.

Usually, after the Symposium, an evaluation meeting takes place with the
participation of four/six members of a Scientific Advisory Committee. At these
meetings there are discussions about progresses attained by individual projects
and by the Program as a whole. The reports presented by this panel of experts,
designated by FAPESP to evaluate the BIOTA/FAPESP Program, are available at

http://www.biota.org.br/info/sac/)

3.6 - Biota Neotropica (http://www.biotaneotropica.org.br)

In 2001 the Program launched an open-access electronic peer-reviewed
journal the on-line journal BIOTA NEOTROPICA (Figure 7A), to publish results of
original research, associated or not to the program, concerned with

characterization, conservation and sustainable use of biodiversity within the
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Neotropical region. Papers are submitted within the following categories: articles,
inventories, thematic revisions, taxonomic revisions and short communications, in
English, Portuguese or Spanish.
In nine years the journal is becaming an international reference in its area,
being indexed by The Thomson Scientific Database/ Zoological Record, EBSCO,
CAB International, Directory of Open Access/DOAJ as well as by the Scientific
Electronic Library Online/SciELO.
Since 2008 the journal is publishing four numbers per year, with an average
of 25 papers per number. Bl OTA NEOTROPI CAOGs
40.000 users per month (Figure 7B).

Figure 7A 1 Cover of the April-June/2009 volume of Biota Neotropica.
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Figure 7B - Monthly summary of access to the homepage of Biota Neotropica.

3.7 - BlOprospecTA - Sdo Paulo State Bioprospecting Network
(http://www.bioprospecta.org.br)

In 2002 the program began a new venture called BIOprospecTA

(http://www.bioprospecta.org.br), in order to search for new compounds of

economic interest

Natural products as source of novel drugs continue increasing in the western
pharmaceutical industry, and in the period of 1970-1980 resulted in a fantastic
number of prototype molecules. Of all medicines in the market today, 49% are
natural products, semi-synthetic natural product analogues, or synthetic compounds
based on natural products pharmacophores, indicating the importance of secondary
metabolites in drug discovery. The total drug market in western medicine is about
US$ 250 billion per year. Every year about 40 new drugs are introduced into the
mar ket the so called Abl ockbus5 Ellios per
year.

In recent years the interest in discovering new targets is growing rapidly, and
nature has been reconsidered to be a powerful source of new lead molecules.
Thus, bioprospection research, although viewed as long term and high money
intake process, remains the only valid approach to obtain large amount of lead

11 JUNE 2010 VOL 328 SCIENCE www.sciencemag.org 20
Published by AAAS

havi


http://www.bioprospecta.org.br/
http://www.bioprospecta.org.br/

http://www.sciencemag.org/cqgi/content/full/328/5984/1358/DC1

RAYAAAS

molecules through the screening of thousands compounds isolated from plants, and
other organisms from our biological resources.

Taking in account this scenario a pilot program for bioprospecting plant
species in the State of Sdo Paulo has been pioneered within the initial phase of the
BIOTA/FAPESP Program. The success of this first project, demonstrating the
viability of this integrated approach, led the BIOTA/FAPESP Program to start a
subprogram, BIOprospecTA, focusing on screening of the chemical diversity of
native microorganisms, plants (higher plants and cryptogams) and animals
(invertebrates and vertebrates) both in land and marine, with potential to be
economically explored.

This new cooperative venture was envisaged to transform the economic
potential value of biodiversity, as source of new lead molecules that can be
synthesized by commercial partners of pharmaceutical, cosmetic, food and
agrochemical industries, generating royalties to be partially used in biodiversity
conservation and restoration infrastructures. So, the results of this cooperative
research effort may support a rational

In order to establish a competitive bioprospecting program in the State of
Sdo Paulo to screen thousands of samples, it was necessary to adapt local
expertise to the new needs. It is true that this network would not be able to compete
with developed countries in the search for new drugs, especially those related to
"developed countries diseases". But the large experience of the research groups of
Sédo Paulo State in this area, could allow us to create similar strategies to solve
regional problems, especially to combat orphan diseases like leishmaniasis,
Chagas, dengue, malaria and other tropical diseases. In addition, the chemical
diversity of species from Neotropical forests and savannahs is still a useful source
of new potential anticancer, antioxidant, antifungal, anti-inflammatory or antibiotic
compounds. Thus, these targets must also be taken into consideration, due to the
potential benefits that a new discovery in these areas could bring to the Brazilian
economy.

The BIOTA/FAPESP Program has brought together a large group of
researchers involved in the taxonomical knowledge of our biodiversity, as well as
tools to map the spatial distribution of species within the State. Adding to that, the

State of Sdo Paulo had several research groups working on all areas which are
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important for a successful bioprospection program, with remarkable experience and
proved competences, but isolated. So BIOprospecTA was a way to promote and
improve the integration of these competences within the common goal of achieving
not only a sustainable way to use our biodiversity, but also to make it economically
profitable, helping to improve our competitiveness in the global economy.

The goal of BlOprospecTA was to organize a network of researchers and
laboratories with the following objectives:
a) Standardized collection of biological samples (plants, microorganisms, marine
species, insects, etc.) and pre-processing of raw materials for the subsequent
preparation of extracts;
b) Establishment of a bank of extracts and pure compounds from plants,
microorganisms, marine organisms and other natural sources, with the required
automation and data management facilities;
c) Establish a flow between complimentary research groups from standardized
extracts, fractionation and purification; screening of extracts (ideally High-
Throughput Screening using small sample volumes); identification and
characterization (NMR, Crystallography, LC/GC-MS , et cé) of
extracts/compounds; pharmacology and toxicology of promising bioactive
extracts/compounds; synthesis of bioactive natural products and their derivatives;
medicinal chemistry and drug design applied to the development of promising
compounds, whenever possible with private sector partners.
d) Development of new in-vitro and in-vivo bioassays;

e) Development of a database structure for the data processing of the program.

It is important to emphasize that beside the bioprospecting goal, the program

focused also on the last advances on natural product chemistry (phytochemistry,

molecular biology, and pharmacology).

During the last five yeard BIOprospecTA supported 16 projects, that
published 180 papers and deposited four patents. Cosmetic and Pharmaceutical
companies already showed interest in a partnership to screen BIOprospecTA bank

of extracts for specific targets.
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3.8 - Improving public policies of biodiversity conservation and restoration
During 2006 and 2007 the BIOTA/FAPESP researchers, in collaboration with

the State of S&o Paulo Secretary for Environment/SMA and Conservation
International, made an extraordinary effort to synthesize its databank in a set of 8
maps of biodiversity conservation and restoration priority areas in the State of S&o
Paulo. Detailed biological and of landscape metrics information every single area
indicated in these maps have been synthesized in the book Diretrizes para
conservacao e recuperacdo da biodiversidade do Estado de Sao Paulo
(Rodrigues et al 2008)

These maps (Figure 8) and the book (Figure 9) have just been adopted by
the government of the State of Sdo Paulo as the legal framework for biodiversity
conservation policies (State Secretary of Environment/SMA Resolutions 04/2008,
15/2008, 85/2008 and Decree 53.939/2009, State Secretary of Agriculture/SAA for
licensing sugar cane plantation areas; State Secretary of Justice Normative Act
565/209 PGJ) for impact assessment in the state. It is a rare example of how a
large and well planed research effort can be used to set environmental policies of

an industrialized State such as Sao Paulo.
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Figure 8 1 Map showing at the center the most important areas to be restored with native
vegetation, reconnecting isolated remnants to increase their capacity t o preserve
biodiversity. The smaller map on the top shows areas were new Conservation Units should be
established, while the other small map indicates areas of the State of Sdo Paulo were the biological
knowledge available is not sufficient to support the definition of priorities to preserve native
biodiversity.
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Figure 9 7 Cover of the book Guidelines for biodiversity conservation and
restoration in the State of Sdo Paulo (Rodrigues et al, 2008), that synthesizes the
information used to establish the priority areas presented in the maps.

3.9 - Publications & Human resources
In 10 years, with an annual budget of approximately 2 millions USD the

BIOTA/FAPESP Program supported 90 major research projects - which trained
successfully 172 undergraduate, 169 MSc, 108 PhD students, as well as 79 pos-
docs (Figure 10). Produced and stored information about approximately 12.000
species and managed to link and make available data from 35 major biological
collections of the State of Sdo Paulo. This effort is summarized in more then 600
articles published, in 180 scientific journals from which 110 are indexed by the
Institute for Scientific Information (ISI) data base. Among the indexed periodicals,
Nature and Science have the highest impact factor, and the median value among
all indexed periodicals that authors of the Biota program have published was equal
to 1.191, significantly higher then the average for the area in Brazil. Furthermore,

the program published, so far, 16 books and 2 Atlas.
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Figure 10 17 Undergraduate, MSc, PhD and Pos-Docs students trained by research
projects within the BIOTA/FAPESP Program, with scholarships from FAPESP or
from the Federal government (CAPES and CNPQ).

3.10 - Internet 2

Finally it is important to register tha t hdnwstablishing an agreement with
the National Science Foundation (NSF) in order to enable the access of the whole
research system of the State to the Internet 2 network of the US and the rest of the
world, FAPESP presented the cooperation between BIOTA and the Species
Analyst project of The University of Kansas as an example of interaction that would
demand such a communication facility. This is another product of the BIOTA
program with immediate benefits to the whole scientific community of Sdo Paulo. 0
(Perez 2002).
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4 - Planning the next 10 years
Reuvisiting the broad objectives of the BIOTA/FAPESP Program we realize
that some of them are long lasting and still prevail in similar initiatives around the

world, such as DIVERSITAS (http://www.diversitas-international.org/) whose

mission is: a) promote an integrative biodiversity science, linking biological,
ecological and social disciplines in an effort to produce socially relevant new
knowledge; and b) provide the scientific basis for the conservation and sustainable
use of biodiversity. Nevertheless, after 10 years, we see the need to modernize
methodologies and techniques as well as to bring new scientific challenges to
broader the community of scientist potentially interested in joining the
BIOTA/FAPESP Program, and to keep producing high standard science. One of the
biggest challenges of this new phase is to give the BIOTA/FAPESP Program a
position in the international arena that matches the quality of the science we
produce.

In June 2009, during two days (3 & 4™ of June - Workshop BIOTA + 10:
setting agenda and priorities for 2020), more than 300 scientists and students
associated to research projects within the theme biodiversity characterization,
conservation restoration and sustainable use, already linked or not to the
BIOTA/FAPESP Program, discussed priorities and an agenda for the next ten years
of the Program.

As a result of this discussion, it was decided that the following objectives of
the BIOTA/FAPESP Program will be further pursued in the next decade
- To inventory and characterize the biodiversity of the State of S&o Paulo, by
defining the mechanisms for its conservation and sustainable use;

- To understand the processes that generate and maintain biodiversity, as well as
those that can result in its deleterious reduction;

- To produce estimates about biodiversity loss in different spatial and time scales.

- To evaluate the effectiveness of conservation initiatives within the Stateof Sao
Paulo, identifying priority areas and components for conservation.

- To increase the ability of the State of Sao Paulo and public and private

organizations in managing, monitoring and using biodiversity in a sustainable way.
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Furthermore, the following (twelve) points have been thoroughly discussed

and elected as top priorities for the next ten years.

4.1 1 Including native biodiversity restoration as one main objective of the
BIOTA/FAPESP Program

A second major challenge is to incorporate native ecosystem restoration,
mainly focusing in the results of the BIOTA/FAPESP Program synthesized in the
book Guidelines for biodiversity conservation and restoration in the State of
Séo Paulo (Figure 9) and the set of maps with the priority areas for biodiversity
conservation and restoration in the State of Sao Paulo.

The need to implement a biodiversity restoration program in the State of Sao
Paulo is so urgent, that it justifies changing the name of the BIOTA/FAPESP
Program to i Re s e aBiodiversity? chargcteazation,0 aonservation,
restorationand sustainable useo.

Biodiversity restoration program should focus on reconnecting isolated
fragments of native vegetation, mainly Semideciduous Forest and Cerrado areas, to
increase theircarrying capacity and contribute to
capacity to maintain viable populations of the large mammals of these
phytophysiognomies, like the Giant Ant Eater [Myrmecophaga tridactyla (Linnaeus,
1758), Myrmecophagidae], the Maned Wolf [Chrysocyon brachyurus (llliger, 1815),
Canidae], the Pampas deer [Ozotoceros bezoarticus (Linnaeus, 1758), Cervidae],
some wild cats [Puma Puma concolor (Linnaeus, 1771); Oncelot Leopardus
pardalis (Linnaeus, 1758) and Margay Leopardus wedii (Schinz, 1821), all Felidae],
some monkeys [Black-faced lion tamarin Leontopithecus caissara (Lorini &
Persson, 1990), Callitrichidae; Black howler monkey Alouatta caraya (Humboldt,
1812), Cebidae] and the Giant Armadillo [Priodontes maximus (Kerr, 1792),
Dasypodidae].

In order to increase adherence to the program by land owners the restoration
program here proposed should use the legal framework established by the Brazilian
Forestry Code (first published in 1965, altered in 1989 and altered again by MP
1956-50 in May 2000) in relation to Permanent Preservation Areas along river
margins and the mandatory preservation of 20% of native vegetation, defined as

Legal Reserve in the 1965 code, and reinforced in all later changes of this law.
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Native vegetation restoration procedures are well established in the State of
Sao Paulo, and the SMA 8 (published in 7 of March, 2007) Resolution of the State
Secretary of Environment brings the list of more then 239 native arboreal species
that must be used, as well as the precautions required to keep genetic diversity in
these replanted forests. The State Decreed 53.939 (published in 6 of January,
2009), based on the priority areas maps produced by the BIOTA/FAPESP Program,
reinforces the obligation to have the Legal Reserve Area within the watershed were
the rural property is legally registered. The law allows a group of properties to have
their Legal Reserve Area all together in a sort of condominium, a practice that
brings a significant increase in the biodiversity conservation value of these areas
and therefore should be promoted. Nevertheless to keep regional biodiversity
standards, it is of paramount importance to have Legal Reserve Areas spread
across the State instead of having them all concentrated in two or three watershed
where the proportion of preserved areas is already higher.

Initiatives like the Pacto pela Mata Atlantica

(http://www.pactomataatlantica.org.br), will be fully supported by the

BIOTA/FAPESP Program and whenever possible, and of mutual interest, the
Program will generate data for actions aiming to increase connectivity among
fragments and biodiversity conservation value of Atlantic forest remnants. On the
other hand the Program should foster and promote research to support the
development of our capacity to restore other ecosystems like Cerrado, knowledge
extremely important for 18 of the 22 UGRH (Units of Water Resources
Management) of the State, and Restinga (seasonally flooded Coastal Plain forest or
scrub).

It is also important to foster and promote research on breeding and
reintroducing native fauna in restored fragments of native vegetation, as well as in
some protected areas, were hunting and poaching reduced native populations with
large impact in vital ecological processes like seed dispersion (Jordano et al, 2006).
In contrast with arboreal species of Atlantic Forest, for which three decades of
research lead to consolidate protocols for native forest restoration, mainly inland
Gallery Forest and its adjacent Semideciduos Forest (Rodrigues & Leitdo Filho

2004), when it comes to fauna our current knowledge is extremely limited.
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4.2 7 Development and implementation of a new information system for the
BIOTA/FAPESP Program

Considering that the actual Environmental Information System used by the
BIOTA/FAPESP Program, that comprises two central components: SinBiota
(http://sinbiota.cria.org.br), shown in Figure 3 and the BIOTA/FAPESP Atlas

(http://sinbiota.cria.org.br/atlas), shown in Figure 4 and 5, was developed 10 years

ago, there is an obvious need to design and implement a new system.

Ten years ago SinBiota was the state of art in information systems for
biodiversity, being the first to handle data for all recognized taxonomic groups of
Prokaryotes and Eukaryotes, from terrestrial, marine and fresh water ecosystems,
connecting sampling data with a 1:50.000 map of the State of Sdo Paulo with
remnants of native vegetation, as well as rivers & dams, cities, roads and
Conservation Units (Figure 11). Therefore it was used as a model for the
development of worldwide initiative like the Global Biodiversity Information
Facility/GBIF (http://www.gbif.org).
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Figure 11 7 Some layers of the updated map of the State of Sdo Paulo produced
by the BIOTA/FAPESP Program and used in connection with the Environmental
Information System/SinBiota of the Program.
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BIOTA + 10 workshop participants were unanimous in pointing SinBiota as one
of the major achievements of the BIOTA/FAPESP Program, but were also
unanimous in proposing the following changes in the system: a) expand the
cartographic base of the system to the natural limits of the major biomes of the
State of Sdo Paulo, Atlantic Forest lato senso (Joly et al, 1999) and Cerrado lato
senso (Oliveira & Marquis, 2002), as well as the natural limits of watersheds; b) a
built in mechanism of data auditory to avoid mistakes such as misspelling species
names and/or geographic coordinates the occurrence of sampled species; c) built in
tools to allow exporting and importing data from species distribution models (SDM)
and ecological niche modeling (ENM) (Elith & Graham 2009) like Genetic Algorithm
for Rule-set Prediction/GARP, Maximum Entropy/MaxEnt, Geographic Information
System for Biodiversity Research/DIVA-GIS, Support Vector Machine/SVM,
Ecological Niche Factor Analysis’ENFA, and novel methods that are being
developed (Elith et al 2006); d) increase the portability of the system, to allow its
replication in other States, Regions and Countries interested in hosting their own
databank and maps; e) standardize all fields and procedures to ensure full
interoperability with international initiatives like Global Biodiversity Information
Facility/GBIF (http://www.qgbif.org).

The new version of the information system (SinBIOTA 2.0) should be developed
following two distinct stages:
1) Writing a Reference Document specifying in detail the Environmental

Information System used today and compare it with similar initiatives around

the word as well as the state of art in this area of Computational Sciences;

2) Incremental implementation of modules, following the Reference Document

in permanent contact with users, to keep the new system as close as

possible of their needs.

In stage 1 we will need to prepare a Reference Document were the
functional characteristics of the new sys
ot her systems and I t éds by mxperts anb biodivetsity , ar e
characterization, conservation, restoration and sustainable use developing

research projects within the BIOTA/FAPESP Program. The preparation of this
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