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INPA 



Amazonia is big 

Comparative size of 
Brazilian Amazonia 
and  Europe 

8.0 M km2 

5.2 M km2 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 AMAZONIAN FRUITS 



Cardinal Monocirrhus  polyacanthus 
Leaf fish 

Pterophyllum altum 

Carnegiella strigata 

Pirarucu 

Black Piranha 





MISSION 

To generate and 
disseminate knowledge and 

technology and to form human 
resources for the development of 

the Amazon. 

INPA 
Brazilian Institute for Research in the Amazon 

(est. 1952) 



Ph.D.: 155 

M.Sc.:   47  

B.Sc.: 154 

MBA:   99  

Technical & Administration: 275 

Total: 730 

 

Fellows, visiting scientists, students: 3.100 

Employees 



Regional centres 

• Manaus, AM 

• Santarém, PA 

• Rio Branco, AC 

• Boa Vista, RR 

• Porto Velho, RN 

 



1. Reserva Biologica 
Cueiras, Manaus, AM 

2. Estacao Experimental 
da Silvicultura Tropical  

3. Reserva Biológica de 
Campina (900 ha) 

4. Reserva Florestal Egler 
(760 ha)  

5. Reserva Florestal 
Adolpho Ducke 
(10,000 ha) 

 

 

 

 

 

Forest Reserves 



Institutional research focus 
 

Biodiversity 

 

Technology and innovation 

 

Environmental dynamics 

 

Society, Environment and Health 

 



      INPA’s research programmes 

Biological Dynamics of Forest Fragments 



 



National Science and Technology 
Institutes 

• National Institute of Science and Technology for the 
Environmental Services of Amazonia (SERVAMB) 

• National Institute of Science and Technology 

 of Woods from Amazonia 

• National Institute of Science and Technology Center for 
Integrated Studies of Biodiversity in the Amazon (INCT-
CENBAM) 

• National Institute of Science and Technology 

 Centre for studies of Adaptations of Aquatic 

 Biota of the Amazon 



Ecology 
Botany 

Entomology 
Tropical Agriculture  

Tropical Forest Science 
Aquatic Biology and Fisheries  

Genetics, Conservation & Evolutionary Biology 
Climate and Environment 

Biological Reserves Management 
 

Partnerships 
 

Biotechnology (UFAM) 
Biotechnology and Regional Products (UEA) 

Food Sciences (UFAM)  
Aquaculture (INPA/UEA/CUNL) 

 

Master and PhD Programs  

More than 1,550 professionals  
formed 



Large-scale Biosphere-
Atmosphere Programme 

BUNIAACIC meeting,  

2-3 July 2012 

Laszlo Nagy, LBA 





LBA today 

• ca. 50 projects in execution 

• Over 1600 scientific publications 

• 350 M.Sc. theses; 250 Ph.D. theses completed 



LBA sites / towers 

 



LBA Phase II Towards Integration 
and Interdisciplinarity 

Physico-chemico-
biological processes in 
aquatic and terrestrial 
ecosytems and their 

interactions 

The social dimensions of 
environmental change 

and the dynamics of land 
cover change 

Multi-scale physico-chemical 
interactions at biosphere- atmosphere 

interface 



Phase II – Foci 

• The changing environment of Amazonia 

• Environmental sustainability (of ecosystem 
services)  and the sustainability of current 
terrestrial and aquatic production systems 

• Variability and changes in climatic and 
hydrologic systems – feedback, adaptation 
and mitigation 

 



Project list 

• Hyperlink to Excel file 

LBAprojectlist.xlsx


Two highlights 

• ATTO 

GoAmazon2014 



OBJECTIVE: 

Obtain reliable estimates of the sources and 

sinks of trace gases (CO2, CH4 e N2O) and of the 

formation of aerosols in Amazonia 

ATTO (INPA and Max Planck Institute) 
 

> 300 m tall → large ‘footprint’ (continuous observation over a very large area) 
Climate, atmospheric physics & chemistry and  Amazonian ecosystems, incl. human impacts 
Input into carbon cycle models 
Part of Global Carbon Project and Earth System Science Partnership 



ATTO Footprint 

February 2009 

C. Gerbig MPIBGC 



ATTO & CLAIRE* (INPA and Max Planck Institute) 

 

The scheme of the so-called fat tower of CLAIRE 

● Collaborators 

 

INPA, Manaus 

UEA, Manaus 

MPIC, Germany 

USP, São Paulo 

INPE, São José dos Campos 

UFSM, Santa Maria-RS 

Wageningen University, Netherlands 

Havard University, USA 

Helsinki University, Finland 

 

*CLAIRE: The Cooperative LBA Atmospheric Regional Experiment 



ATTO – expected outputs I 

• Determination of concentrations, sinks and 
sources of radiative greenhouse gases (CO2, 
CH4, CO, N2O - measurement above the layer 
that is affected by diurnal changes) 

– Meteorological measurements (exchanges over 
the  footprint area) 

– Isotope analysis (13C/12C, D/H, 18O/16O; 14C 18O on 
CO2 and CH4) to determine the relative 
contribution of human-induced impacts 

 



ATTO – expected Outputs II 

• Assessment of turbulance and transport processes in 
the atmospheric boundary layer (between surface and 
atmosphere) 

• Estimation of biosphere-atmosphere carbon exchange 
rates 

• Development and validation of dynamic vegetation 
models, atmospheric boundary layer models and 
models for heat, moisture, aerosol and trace gas fluxes 

• Monitoring trace gases and aerosol particles and their 
effects on climate 

• Evaluation of satellite estimates of greenhouse gases, 
temperature and humidity profiles 





Green Ocean Amazon 2014 

• The ultimate goal is to estimate future 
changes in direct and indirect radiative 
forcing, energy distributions, regional climate, 
ecosystem functioning, and feedbacks to 
global climate.  

• (GOAmazon2014 - led by Scot Martin, 
Harvard) 



 

 

Susceptibility and 

expected reaction to 

stresses of global 

climate change as well 

as pollution introduced 

by future regional 

economic development 

are not known or 

quantified at present 

time. 

 

  Source: Barth et al., “Coupling between Land Ecosystems and the Atmospheric 

Hydrologic Cycle through Biogenic Aerosol  Particles,” BAMS, 86, 1738-1742, 2005.  

Amazon Basin has strong coupling between terrestrial ecosystem and the 

hydrologic cycle: The linkages among carbon cycle, aerosol life cycle, 

and cloud life cycle need to be understood and quantified. 



Reference: Kuhn, U.; Ganzeveld, L.; Thielmann, A.; Dindorf, T.; Welling, M.; Sciare, J.; Roberts, G.; Meixner, F. X.; Kesselmeier, J.; 

Lelieveld, J.; Ciccioli, P.; Kolle, O.; Lloyd, J.; Trentmann, J.; Artaxo, P.; Andreae, M. O., “Impact of Manaus City on the Amazon 

Green Ocean atmosphere: Ozone production, precursor sensitivity, and aerosol load,” Atmos. Chem. Phys. 2010, 10, 9251-9282. 



LBA-INPA biodiversity and biogeo-
chemistry perspectives, and possible 
atmospheric linkages 

Manchester, 3 July 2012 



Do species differences matter for 
biogeochemical cycling? 

• No  
– Most photosynthetic organisms operate the Calvin 

cycle 

– Greenness – estimate of photosynthesis 

– Productivity dependent on energy absorbed 

– Convergent vegetation types have comparable 
productivities 

• Yes 
– Species-specific impacts on resource capture and use 

impact on biogeochemistry 

Mooney (2001) Biological Diversity, Evolution, and Biogeochemistry. 
In: Global Biogeochemical Cycles in the Climate System 



Type of diversity and biogeochemical 
functioning 

• Structural diversity (canopy roughness - 
turbulent transfer / boundary layer impacts) – 
land surface-atmosphere transfer models 

• (Species) Functional type diversity – are they 
functional? 

 



Biodiversity and biogeochemistry in 
Amazonia 

• Variety of natural forest types: lowland evergreen 
rainforest (terra firme), heath forest, seasonally 
flooded forest, swamp forest, treeless vegetation, 
aquatic         (differences in species composition, 
nutrient cycling, production of BVOC?) 

• Anthropogenic vegetation types: secondary forest 
(various, following temporary land use), cropland, 
plantation        (differences in species 
composition, nutrient cycling, production of 
BVOC) 





Forest types Amazonia: biomass 



C:N ratio in foliage 



Litter C, N, P 



Soil C, N, P 



Differences between primary and 
secondary forest 



 



Land use: change in species 

 

Dipterocarpaceae
other

Euphorbiaceae

Myristicaceae

Myrtaceae

Lauraceae

Sapotaceae

Annonaceae

Fabaceae

Ebenaceae

Dipterocarp-rich primary forest

Moraceae

Ulmaceae

Anacardiaceae

Rubiaceae

Lauraceae

Hypericaceae

other

Euphorbiaceae
Rutaceae

Verbenaceae

Secondary forest
1854 tagged trees

(Macaranga spp.; 
Glochidion spp.) (Geunsia pentandra) 

(Euodia latifolia) 



Land use change 

• Change in species / functional type (plant & 
microbe)  

• The rate and magnitude of change in 
ecosystem biogeochemistry (primary forest vs. 
secondary succcession) 
– soil and plant C, N 

– above-ground vs. below-ground production 

– C and N pools vs. N mineralization, NOx flux, soil 
respiration, and BVOC emissions 

 

 



Is there a seasonality driven dynamics? 
What does it drive? 
Is there a link along soil-plant-atmosphere? 



Penuelas & Staudt (2012)  
Induced biogenic volatile organic compounds from plants 
BVOCs and global change. Trends in Plant Science 15: 133-144. 



 



 



 



Secondary forests and work in 
progress around Manaus 

 



Convergence and divergence of 
alternative successional pathways in 

the Central Amazon 

Bruce Williamson12, Rita Mesquita2 , 
Benjy Longworth1 and Tony Bentos2 

 
1 – Louisiana State University 

2- INPA (Insituto Nacional de Pesquisas Amazonicas) 

 



Manaus 

BDFFP 

12 years of vegetation surveys 
12 abandoned clearcuts 
10 abandoned pastures 
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Cecropia / Clearcuts 
Vismia / Pastures 



1. Reserva Biologica 
Cueiras, Manaus, AM 

2. Estacao Experimental 
da Silvicultura Tropical  

3. Reserva Biológica de 
Campina (900 ha) 

4. Reserva Florestal Egler 
(760 ha)  

5. Reserva Florestal 
Adolpho Ducke 
(10,000 ha) 

 

 

 

 

 

Forest Reserves 



Alternative Successional Pathways 

• Land use                    Pioneer composition   

 

Cecropia Vismia 

Abandoned clearcuts  

No fire 

Clearcuts converted to 
pasture then abandoned 

Several Fires  



Research questions 

1. Do stand characteristics (stem density, basal area, species richness) 
differ between pathways? 

 

 
 

2.    Do the pathways converge or diverge as succession progresses? 

 

 
 

 

3.     Is there convergence of stands with the same land use history? 

Age 

Stand Trait 

Stand Trait 

Age 



• Differences in stem density and basal area 
diminish during first 20 years 

 

• Difference in species richness is more 
persistent 

 

• Within each pathway, we only found 
convergence in stem density and basal area of 
pastures (between 10 to 20 years) 

 

 

Summary 



Environmental services in secondary 
forests in Amazonia  

• Link to pdf presentation 

ATBC-Environmental Services.pdf
ATBC-Environmental Services.pdf
ATBC-Environmental Services.pdf
ATBC-Environmental Services.pdf


Summary 

• Biodiversity linked to biogeochemical cycling 
(within natural forest types; between primary 
and human modified)  

• Include extreme types of natural forest for 
scaling (1) the degree of natural variation and 
(2) estimate the impact of conversion 
(spatially explicit models) 

 


