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Figure2. Resultsafter two yearsof biometry study, including tree growth, recruitment and mortality (initial tree survey 7/99, second tree survey 7/01,

(40 collection baskets installed 7/00).

12/99), 7/01) and litterfall

Overview

Motivating questions:
(1) What is the present status of Amazonia as a source or a sink for atmospheric carbon dioxide?
(2) What are the ecological and climatic controls on the interannual carbon balance in the Amazon
basin?

Methods
Biometry study: We surveyed 20-ha of old-growth forest in the “footprint” of the eddy covariance tower
in July 1999 (see design details in Figure 1), inventorying ~2600 trees distributed across ~160 speciesin
50 families (tree size distribution isin Figure 2D). In July 2001 a complete resurveyed of the 20-hawas
performed, including a survey of previously untagged trees. The two-survey comparison allows for
estimates of growth, recruitment and mortality (Figure 2E).
(24) Coarse Woody Debris: We made dimensional measurements of standing dead wood in 20-ha of
forest and of fallen dead wood in a series of nested subplotsinside of the 20-hain July 2001 (see design
detailsin Figure 1). Each piece of CWD was assigned a decay class to estimate wood density (Figure 4).
(2b) Wood increment: We installed ~1,000 dendrometers in December 1999 (asillustrated in Figures 3
and 5) on arandom-stratified subsample that was representative of each taxonomic group and all of the
largest treesinventoried. Dendrometer readings are taken every 4-6 weeks. A subsample of ~200 trees
were double-banded (see Figure 3) using a second dendrometer design (Barford et al., 2001) of the same
kind used at a temperate midlatitude forest (results shown in Figure 2F).
(2c) Litter collections: We placed 40 litterbaskets (each 40 cm in diameter, lined with fine nylon-mesh
screens, and with bottoms perforated by water-drainage holes) at random locations in the trees plots (10
baskets per transect) in July 2000 (Figure 6). Litter is collected every two weeks, dried, sorted and
weighed. Chemistry measurements (total C/N/P) and selective isotopic measurements (**C and *C) are
being measured.

Results

Live trees with diameter at breast height (DBH) >10 cm accounted for 142.5 + 6.5 Mg C hain
1999 (Figure 2B) and had a stem density of 467 ha'l, while coarse woody debris (CWD) accounted for
32.6 + 2.9 Mg C ha (Figure 2B). Net flux to live wood biomass, estimated by re-surveyed after two
years, was 1.49 + 0.58 Mg C hayr? (Figure 2E), the net result of high growth rate (3.28+ 0.23 Mg C
ha' yr* from amean bole increment of 0.18 cm yr2), recruitment of new trees (0.61 + 0.02 Mg C hat yr
1), and high mortality (-2.4 + 0.51 Mg C ha? yr) (Figure 2E) due to individual stem mortality of 1.8%
yr(Figure 2E). The measured net gain in live wood biomass was exceeded, however, by estimated net
loss (flux to CWD = -1.7 to -5.0 Mg C hayr?) from the large stock of CWD, resulting in an overall
estimated flux from aboveground biomass of -0.2 to -3.9 Mg C ha yr (Figures 2B, 2C and 2F).

Tree growth and litterfall were highly seasonal and correlated strongly with variationsin
precipitation (Figure 2A(i)(ii)(iii)), suggesting that climatic variations exert a strong influence on short-
term carbon balance. Three observations suggest that an episode of high mortality (possibly caused by
the strong El Nifio Southern Oscillation event of 1997-98) preceded the study initiation: (1) the stock of
CWD islarge, (2) all of the net gain in live biomassis due to small-tree growth and recruitment, and (3)
the distribution of stem density was piecewise log-linear with a notable steeper slope for trees < 40 cm
DBH (Figure 2.C). Thishypothesisimplieslarge variationsin medium- to long-term carbon balances
that are strongly influenced by climate changes, and which mask any relatively small effects on carbon
uptake predicted from rising atmospheric carbon dioxide.
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Figure 1. Sitelocation and biometry study design. Thesiteis located ~70
km south of Santarém, Paré, Brazil, in the Tapajos National Forest (“km 67 site”), the
eddy-flux tower is at 54°58'W, 2°51'S. Three transects (50 m x 1000 m) were laid out in
the tower footprint and run in the predominant wind directions from the tower (NE, E, and
SE), while the fourth runs N-S, intersecting the E transect at 550 m. L.

A (). Average growth increment (cm tree 1 yr) by canopy saussmsgnmn
increment . interannual
ffrencesshow influence o wateravalabilty (as ndicated by annual preciptation:
2200 mmin 2000, 1846 mm in 2001).

diameter growth rate (cm yr)

emergent. canopy subcanopy suppressed.

AL(il). Monthy tree growth rates (Mg C ha yr-), litterfall (Mg C hart yr) and
precipitation (cm, Nepstad, 2002) show seasonal variation. Litterfall appeers correlated in the.
shortterm with episodic bursts of rainfall (dueto physical isturbance of dead leaves), and
anti-correlated with the long-term trend in annual rainfal (tree growth: r2 =+0.71, p<.001;
litterfal: 2 = 0.4, p<.005). Precipitation data from Nepstad et al. 2002
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Figure 3. Dendrometry study. Spring-mounted dendrometer bands.

at breast height, DBH > 35 cm) located within 25 m of either side of each transect line
were dentified, tagged, and measured. Smaller trees (between 10 and 35 cm DBH) were
alsoidentified, tagged, and measured in anarrower swath, 5 m of either side of each
transect line. Fallen CWD was measured in aseries of nested subplots for three different
sizes of CWD. The size of plots, number of plotsand the size of wood measured is
indicated in the legend above.

tree diameter

growth rates. We banded 1000 trees (out of the ~2600 inventaried) in
BH increse:

using allometric relations (eg. Brown 1997, Chambers e dl. 2001).

the year, Twenty
percent of the banded trees have a second band instaled for comparison
between different dendrometer designs.

fine CWD were measured in a series of nested subplots (see

Figure 4. Coarse Woody Debris survey. Large, medium and
Figure 1 for details).

Figure5. DBH surve
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