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Photosynthesis =>»
€ Respiration

cO, + H,O 4 Energy =» CH,O + O,
Carbon Water  (sunlight) &  Glucose Oxygen
dioxide (SUGAR) gas

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

Data from above and below-ground
harvest of trees including roots and
published soil organic matter studies.

Carbon Storage

large wood (39%)
soil (28%)

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

HEREECC

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



Partitioning of NPP In Central Amazon Forest

....and the allocation of net
primary production (NPP) to
determine the residence time and
the capacity for sequestering
carbon

Above-Ground NPP

leaves (38%)

coarse wood (31%)
small wood (18%)

fine residues (7%)
reproductive parts (6%)

Only large wood and SOM have a high capacity to sequester
carbon for long periods of time.
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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 solls —
reflects the ‘fast-cycling’ C pools in
litter and soil organic matter



Movement of Carbon through terrestrial
ecosystems

Photosynthesis Ecosystem respiration
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The importance of time lags in determining the
capacity of an ecosystem to be a sink of carbon

A Increase in Photosynthesis with increased CO,

Annual C storage

time



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

>

Net C storage
=P-R

Ecosystem
lag time

Increase in decomposition
with increased C mass

Annual C storage

time




Questions —

What is the capacity for these forests to store C?
Where could it be stored and for how long?



[rees

How old are tropical
trees?

How fast do they grow?

How long do they store
carbon?

How do characteristics
vary across the Amazon
basin?
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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-Santaréem
** Similarity Rio Branco-Manaus

*** Similarity Santarém-Rio Branco



Not all forests in the Amazon are equal
Manaus has more biomass overall, in smaller trees,
than sites with a more pronounced dry season
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DBH and Height
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Coarse woody debris stocks in tropical forests
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CWD stocks are variable, and up to33 % of the above-ground biomass stock!



250

200

150

100

50

-100

-150

M Root

mAGLB  mFallen and Standing CWD

W Litter layer

m Soil (0-100 cm)

Campinarana
(AM)

Manaus (AM)

Santarém (PA)

Amazon forest

Rio Branco (AC)

Cotriguacu (MT)




C dynamics differ with forest location
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How can MRT of C in wood be less than
the mean age of C in standing wood?

Mortality

~2 MgC/halyr

Mean age C ~90 yr
Standing stock (180 MgC/ha)

Mean age ~260 yr

Growth
~2 MgC/halyr

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
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Changes in the Carbon Balance 1998

of Tropical Forests: Evidence
from Long-Term Plots
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Fig. 1. Annual aboveground biomass change in Amazonian forests, 1975-96. Mean (solid circles),

95% confidence intervals (dotted line), and 5-year moving average (solid line) are shown.



Slow growth rates of Amazonian trees:
Consequences for carbon cycling
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A Dinamica do C difere entre floresta
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InchaSing dominance of Iarge Iianas +Northwest South America ¢ Atlantic « Central America «Amazonia
in Amazonian forests
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Figure 3 Relative dominance of lianas in neotropical 0.1-ha plots as a function of
inventory date. Liana basal area is shown as a fraction of tree basal area for all stems over
2.5cm in diameter. A polynomial curve is fitted for the Amazonian sites.
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Mortalidade de Arvores Grandes é Rapida,
enquanto que Crescimento € Lento
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Nepstad et al. 2007. Mortality of large trees and lianas following experimental drought
in an Amazon forest. Ecology. 2007 Sep;88(9):2259-69.



LETTER

Long-term decline of the Amazon carbon sink

A list of authors and their affiliations appears at the end of the paper

doi:10.1038/nature14283
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Hyperdominance in Amazonian forest carbon cycling
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Table 1 | Hyperdominance of stem abundance and carbon cycling in the Amazon.

Full data set Productivity data set
Plots Species No. of hyperdominants (%) Plots Species No. of hyperdominants (%)
Stems Biomass Stems Biomass Productivity”
Amazon-wide 530 3,458 283 (8.2) 182 (5.3) 221 2,965 250 (8.4) 160 (5.4) 184 (6.4)
Northwestern 123 1,632 199 (12.2) 170 (10.4) 33 1412 162 (11.5) 138 (9.8) 15 (8.4)
Southwestern 169 1,330 60 (4.5) 64 (4.8) 59 1,185 62 (5.2) 62 (5.2) 66 (5.8)
Guiana Shield 116 1,262 131 (10.4) 62 (4.9) 49 748 92 (12.3) 36 (4.8) 52 (7.1
East-Central 69 1,386 157 (11.3) 101 (7.3) 56 1,317 152 (11.5) 96 (7.3) N7 (9.1)
Brazilian Shield 53 890 82 (9.2) 55 (6.2) 26 698 39 (5.6) 23 (3.3) 30 (4.5)

Mumber and percentage of species that contribute 50% of stem numbers, aboveground biomass and aboveground productivity for the whole data set and split by region.

“If a tree dies before the second census, it will contribute to biomass and stems but will not have a productivity value, hence the percentage value is calculated from a slightly smaller total number of
species (2,883).
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Table 2 | Top 20 most dominant species by aboveground woody biomass.
Family Species Biomass % Total Cumulative Rank by stem Rank by
(Mg) biomass % abundance productivity”
biomass
Fabaceae Eperua falcata 2,217 183 1.93 8 8
Lecythidaceae Eschweilera coriacea 2142 187 3.80 2 2
Lecythidaceae Bertholletia excelsa 1,498 131 51 243 4
Vochysiaceae Qualea rosea 1,452 127 6.37 30 88
Lauraceae Chlorocardium rodiei 1,340 117 7.54 71 13
Fabaceae Vouacapoua americana 1,340 117 8.7 27 5
Goupiaceae Goupia glabra 1,299 113 9.84 61 10
Burseraceae Tetragastris altissima 908 0.79 10.64 10 6
Fabaceae Dicorynia guianensis 898 0.78 Nn.42 56 16
Arecaceae Iriartea deltoidea 347 0.74 12.16 1 1
Moraceae Pseudolmedia laevis 819 0.71 12.87 4 3
Lecythidaceae Eschweilera sagotiana 784 0.68 13.55 22 62
Sapotaceae Pradosia cochlearia 736 0.64 14.19 176 275
Chrysobalanaceae Licania alba 724 0.63 14.83 17 90
Caryocaraceae Caryocar glabrum 689 0.60 15.43 149 50
Apocynaceae Aspidosperma excelsum 648 0.57 15.99 74 14
Sapotaceae Pouteria guianensis 625 0.54 16.54 55 53
Fabaceae Swartzia polyphylla 624 0.54 17.08 203 19
Fabaceae Dicymbe altsonii 623 0.54 17.62 233 9
Olacaceae Minguartia guianensis 623 0.54 18.17 29 21

*Productivity ranks are based on the 221 plot productivity data set.
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Gradiente:

Latitudinal
Longitudinal

Altitudinal

Diversity Zones (DZ): Number of species per 10.000km’

Dz 1 (<100) oz 5(1000-1500) [ DZ © (4000 - 5000)
DZ 2 (100- 200) DZ 6 (1500 - 2000) - DZ 10 (=5000)

DZ 3 (200- 500) | DZ 7 (2000 - 3000)

DZ 4 (500-1000) - DZ 8 (3000 - 4000) Capensis  floristic regions




Gradiente:

Latitudinal
Longitudinal

Altitudinal

Anthropic
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Sparovek et al. 2010



Gradiente:

Latitudinal
Longitudinal

Altitudinal

Sparovek et al. 2010 Ribeiro et al. 2009
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Floresta Ombroéfila Densa Terras Baixas
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Floresta Ombrofila Densa Submontana
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Floresta Ombrofila Densa Montana




~25000 Individuos amostrados
~ 500 espécies arboreas
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Portanto, existem muitas espécies gue s6 ocorrem em uma
extremidade do gradiente, outras s0 na outra extremidade,
enquanto algumas espécies apresentam distribuicoes variadas ao
longo do gradiente.
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Forest structure and live aboveground biomass variation along an elevational
gradient of tropical Atlantic moist forest (Brazil)
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Fig. 4. Distribution of (a) number of stems (ha-') and (b) biomass (Mgha') by size
class (dbh cm) for Atlantic selected Neotropical forests. Atlantic forest (this study):
Af1 (restinga), Af2 (lowland), Af3 (submontane), Af4 (montane). Amazonia: Am1,
Manaus (Castilho et al., 2006); Am2, Manaus (Vieira et al., 2004); Am3, Santarém
(Vieiraetal., 2004); Am4, Rio Branco(Vieira et al., 2004); Am5, Ronddnia (Cummings
et al.. 2002). Central America: CtAmer1, Panama (Chave et al., 2003).
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Carbon Pools in Montane Atlantic Forest
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Forest structure and live aboveground biomass variation along an elevational

gradient of tropical Atlantic moist forest (Brazil)

Luciana F. Alves2:P-*, Simone A. Vieira®, Marcos A. Scaranello€, Plinio B. Camargo®,

Flavio A.M. Santos9, Carlos A. lolvd, Luiz A. Martinelli€

Table 3

Stocks of live aboveground biomass (AGB) and stem density of trees, palms and tree ferns sampled along the elevational gradient of tropical moist forest( Atlanticforest, Brazil). Values are means and bootstrapped 95% confidence

intervals(in parenthesis); n=4 1-ha plots replicate for each forest type, except for restinga forest (n=4 0.25-ha plots).

Forest type Trees Palms Tree ferns Total
Stems (ha-1) Biomass (Mg ha-1) Stemns (ha-') Biomass (Mg ha-1) Stems (ha!) Biomass (Mgha-1) Stems (ha-!) biomass (Mg ha-!)

Stems = 4.8cm

Restinga 1459 (1254, 1768) 163.5 (142.1, 184.6) 167 (117,201) 2.8(1.8,35) 0 0 1626 (1467, 1885) 166.3(144.4, 187.0)
Lowland 1035 (1008, 1360) 204.8 (187.1, 220.3) 178 (140, 231) 3.9(2.9,47) 17(7,25) 0.2(0.05, 0.24) 1230(1170, 1298) 208.9(192.6, 224.0)
Submontane 1488 (1328, 1644) 247.7 (231.1,260.6) 227 (186,284) 6.0 (4.6,84) 11(9,15) 0.1 (0.09, 0.50) 1727 (1517, 1926) 253.8(235.7,269.6)
Montane 1230(1108,1317) 271.3(241.3, 314.4) 423 (341, 506) 11.1(9.0,13.2) 71(53, 84) 0.8 (0.43,1.15) 1723 (1454, 1834) 283.2(253.0,325.2)
Stems = 10cm

Restinga 763 (627, 876) 154.0 (129.8, 176.9) 12(9, 14) 0.9(0.3,14) 0 0 775 (650, 890) 154.8(129.9, 178.3)
Lowland 543 (522, 551) 198.4 (180.7, 211.6) 57 (36,70) 2.41.7,3.1) 11(3,15) 0.1 (0.03, 0.18) 610(587, 632) 200.9(185.5, 216.4)
Submontane 721 (616, 824) 239.3 (223.0,304.5) 92 (64, 142) 4.3(3.0,6.3) 5(1,7) 0.05 (0.01, 0.76 818(690, 965) 243,6(226.1,257.9)
Montane 589 (551, 642) 262.7 (2336, 304.5) 215 (173, 246) 8.6(6.3,99) 28 (15,47) 0.5 (0.12, 0.76) 831(791, 846) 271.7(243.0,311.6)
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Modelo alométrico capaz de estimar a biomassa
de epifitas vasculares em Floresta de Restinga.

InP~-6,77 + 1,56 * In DAP + 1,57 *In ICE

Onde:

n = logaritmo natural

P = peso seco (kg)

DAP = diametro a altura do peito (cm)

ICE = indice de cobertura por epifitas
(para ICE=21)




INDICE DE COBERTURA POR métOdO

EPIFITAS: ICE

INDICE CATEGORICO:
Al (copatipo Ae ICE =1);
B1 (copa tipo B e ICE=1);
C1l; A2; B2; C2; AS5; ... C15.

BIOMASSA: INDICE CATEGORICO
+ DAP

ARQUITETUTA DA COPA:




Taxa de crescimento arboreo ao longo de um gradiente
altitudinal de Mata Atlantica (mm ano™)
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Taxa de crescimento arboreo ao longo de um gradiente
altitudinal de Mata Atlantica (mm ano™)

T2

Restinya Terras Submontana  Montana
Baixas



Taxa de crescimento arboreo ao longo de um gradiente
altitudinal de Mata Atlantica (mm ano™)
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Balanco de carbono ao longo de um gradiente altitudinal de
Mata Atlantica (Mg hat ano)
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Balanco de carbono ao longo de um gradiente altitudinal de
Mata Atlantica (Mg hat ano)
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Balanco de carbono ao longo de um gradiente altitudinal de
Mata Atlantica (Mg hat ano)
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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






