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If Photosynthesis exceeds Respiration, 

Carbon dioxide will  decrease and carbon is stored in 

the ecosystem



Carbon fixed by photosynthesis allocated to growth 

can store C for varying periods of time
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Carbon Pools in Central Amazon Forest

Wood can store a large amount of carbon – but for how long?

large wood (39%)
soil (28%)
fine wood (12%)
fine roots (10%)
coarse roots (6%)
coarse litter (4%)
leaves etc. (1%)
fine litter (1%)

Carbon Storage

Data from above and below-ground 

harvest of trees including roots and 

published soil organic matter studies.



Partitioning of NPP in Central Amazon Forest

leaves (38%)
coarse wood (31%)
small wood (18%)
fine residues (7%)
reproductive parts (6%)

Above-Ground NPP

….and the allocation of net 

primary production (NPP) to 

determine the residence time and 

the capacity for sequestering 

carbon

Only large wood and SOM have a high capacity to sequester 

carbon for long periods of time.



Concentrate on C pools with the greatest 

potential response on interannual to decadal 

timescales:

(1) Wood  - Slow growth rates mean low 

C allocation and long residence times

(2) Age of C respired from soils –

reflects the ‘fast-cycling’ C pools in 

litter and soil organic matter
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Increase in Photosynthesis with increased CO2
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The importance of time lags in determining the 

capacity of an ecosystem to be a sink of carbon
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Increase in decomposition 

with increased C mass

Ecosystem 

lag time

Rate of C storage = f(flux, residence time)

Net C storage 

= P - R



Questions –

What is the capacity for these forests to store C?

Where could it be stored and for how long?



Trees

How old are tropical 

trees?  

How fast do they grow?  

How long do they store 

carbon? 

How do characteristics 

vary across the Amazon 

basin?  



Differences between forests





Above-ground biomass

Malhi et al.GCB (2006)

Wood density 

(Soil fertility)

Basal area 

(dry season length)



Measurement of 

tree diameter 

during 

establishment of 

permanent plot



Summary of floristic attributes  

Diversity index   Manaus Rio Branco Santarém 

Number of individuals per hectare   626 466 460 

Number of Families in plot area     52 40 52 

Number of Species in plot area    232  164 265 

Number of species per hectare    163 127 133 

Shannon-Wiener diversity index 4,67 4,42 4.37 

Jentsch coefficient   1/8  1/6  1/9 

Simpson index 0,02 0,02 0.04 

Pielou index     0.86 0.87 0.78 

Jaccard similarity index 0,06* 0,05** 0.11*** 

 

* Similarity Manaus-Santarém 

** Similarity Rio Branco-Manaus 

*** Similarity Santarém-Rio Branco 
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Tree diameter class (cm)

Not all forests in the Amazon are equal

Manaus has more biomass overall, in smaller trees,

than sites with a more pronounced dry season

Manaus    Santarem

626            460 trees ha-1

180            141 Mg C ha-1

40cm         56 cm  mean diameter 

Vieira et al., 2004



Baker et al. 

DBH and Height



CWD stocks are variable, and up to33 % of the above-ground biomass stock!

Coarse woody debris stocks in tropical forests





Manaus

Santarém Rio Branco

Individuals/ha                     626                  460               466

Biomass C MgC/ha            180                  141                95

Growth MgC/ha/yr          1.6-2.1              2.2 -3.0        3.3-3.4

Mean age of C (yr)*            260                   220              240  

MRT of C (stock/growth)** 114                   74                 53

* From monte carlo simulations          **biomass-weighted Data from Vieira et al. 2004

C dynamics differ with forest location



How can MRT of C in wood be less than 

the mean age of C in standing wood?

Standing stock (180 MgC/ha)

Mean age ~260 yr
Growth

~2 MgC/ha/yr

Mortality

~2 MgC/ha/yr

Mean age C ~90 yr

Probability of mortality is not the same for all trees –

younger, or faster growing, trees tend to die more frequently

Need better understanding of what causes tree 

mortality



1998





Manaus

Santarém Rio Branco

Árvores/ha                          626                  460               466

Biomassa C MgC/ha             180                  141                95

Crescimento MgC/ha/ano 1.6-2.1              2.2 -3.0        3.3-3.4

Idade média do C (ano)*       260                   220              240  

TRm do C (Estoque/cresc)** 114                   74                 53

•From monte carlo simulations          **biomassa-peso

Dados de Vieira et al. 2004

A Dinâmica do C difere entre florestas





Mortalidade de Árvores Grandes é Rapida, 
enquanto que Crescimento é Lento

Nepstad et al. 2007. Mortality of large trees and lianas following experimental drought 

in an Amazon forest. Ecology. 2007 Sep;88(9):2259-69.
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Sparovek et al. 2010



Gradiente: 

Latitudinal

Longitudinal

Altitudinal

Sparovek et al. 2010 Ribeiro et al. 2009



• 14 parcelas (100x100 m)
• 4 conjuntos de 4 parcelas
(25x25m)
• PAP ≥ 15,0 cm





Restinga 



 FOD Terras Baixas

 PARCELAS B, C, D e E

50 m alt.



Floresta Ombrófila Densa Terras Baixas
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Floresta Ombrófila Densa Submontana 





Floresta Ombrófila Densa Montana



~25000 Indivíduos amostrados

~ 500 espécies arbóreas









Portanto, existem muitas espécies que só ocorrem em uma 

extremidade do gradiente, outras só na outra extremidade, 

enquanto algumas espécies apresentam distribuições variadas ao 

longo do gradiente.





Liana Biomass

Liana - 1,7-5,6 % of total forest biomass (living 

above ground)
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Soil can storage the large amount of carbon

Carbon Storage

Projeto BIOTA – Gradiente Funcional

Carbon Pools in Montane Atlantic Forest



38%

28%

12%

10%

6%
4%

1% 1%

Árvores

Solo

Galhos

Raizes Finas

Raizes grossas

Liteira Grossa

Folhas

Liteira Fina

Amazônia

Mata Atlântica

28%

58%

1%

1%

6%
4%

1%
1%

Árvores

Solo

Galhos

Raizes Finas

Raizes grossas

Liteira Grossa

Folhas

Liteira Fina



Os Fluxos de N2O e CH4 também são 

afetados pela temperatura – são maiores 

nas florestas mais quentes





3,99  Mg ha-1 ano-1

4,44 Mg ha-1 ano-1

Variação sazonal na produção de Madeira Morta 

na FOD Atlântica 

Estoque médio de MM: 16,2 Mg ha-1

Estoque de MM na FOD 

Atlântica

Ano 2013
R2=0,34; p=0,03

y=31,3˗x0,96 



Estoque raiz fina Produção

Altitude Produção (Mg ha-1 ano-1) Tempo de residência 

(ano-1)

Restinga (10m) 8,0 0,57

Lowland (76m) 4,2 0,32

Submontane (187m) 3,8 0,33

Submontane (372m) 3,5 0,35

Montane (1066m) 10,0 0,56



	

Scaranello et al.

Vieira et al.





Palm

~10 Mg ha-1
Bamboo

~17 Mg ha-1

Fern

~1 Mg ha-1

Epiphytes

~3 Mg ha-1

Liana

~5 Mg ha-1

CWD

~16 Mg ha-1
Fine Root

~10 Mg ha-1

Litterlayer

~2 Mg ha-1

~ 64 Mg ha-1



Modelo alométrico capaz de estimar a biomassa 

de epífitas vasculares em Floresta de Restinga.

Onde:

ln = logaritmo natural

P = peso seco (kg)

DAP = diâmetro à altura do peito (cm)

ICE = índice de cobertura por epífitas 

(para ICE≥1)

ln P ~ -6,77 + 1,56 * ln DAP  + 1,57 * ln ICE



ICE 1 ICE 2 ICE 5

ICE 9

ICE 

15
A B C

ÍNDICE DE COBERTURA POR 

EPÍFITAS: ICE
(Kersten, 2006 e Blum, 2010).

ARQUITETUTA DA COPA:

ÍNDICE CATEGÓRICO:

A1 (copa tipo A e ICE =1);

B1 (copa tipo B e ICE=1);

C1; A2; B2; C2; A5; ... C15.

BIOMASSA: ÍNDICE CATEGÓRICO

+ DAP

método
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Conclusions: Models of forest 

dynamics need to account for:

• Low allocation of C to wood growth

• Differences in wood dynamics and forest 

structure across the tropical forest

• Heterogeneity of C in wood pools (age of 

standing stock > age of C in dying wood)

• Lag times between photosynthesis and 

respiration; mostly due to longevity of 

plant leaf and root tissues




