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Abstract. Long-term studies using the RAINFOR network use areas. Overall, the plots were generally representative
of forest plots have generated significant insights into theof the forest physiognomies in the landscape in which they
spatial and temporal dynamics of forest carbon cycling inare located. Furthermore, the analysis supports the observed
Amazonia. In this work, we map and explore the land- regional trends in those important forest parameters. This
scape context of several major RAINFOR plot clusters us-study demonstrates the utility of landscape scale analysis of
ing Landsat ETM+ satellite data. In particular, we explore forest physiognomies for validating and supporting the finds
how representative the plots are of their landscape contexif plot based studies. Moreover, the more precise geoloca-
and test whether bias in plot location within landscapes maytion of many key RAINFOR plot clusters achieved during
be influencing the regional mean values obtained for impor-this research provides important contextual information for
tant forest biophysical parameters. Specifically, we evaluatestudies employing the RAINFOR database.
whether the regional variations in wood productivity, wood
specific density and above ground biomass derived from the
RAINFOR network could be driven by systematic and unin- 1] .

. . . . . ntroduction
tentional biases in plot location. Remote sensing data cov-

ering 45 field plots were aggregated to generate landscapgmazonia is an important part of the global biosphere, play-
maps to identify the spec'lflc physmgnomy of the plOtS.- In ing a major role in influencing climate systems (Andreae et
the_Landsat ETM+ data, it was possible to spectrally differ- al., 2004: Malhi et al., 2008), and providing vital ecosystem
entiate three types oérra firmeforest, three types of forests services such as carbon storage and cycling (Houghton et al.,
over Paleovarzea geomorphologycal formation, two types of2001. Malhi et al., 2004; Ardip et al., 2009; Baker et al.

bamboo-dominated forest, palm foresgliconiamonodom- 5449 chave et al., 2009; Saatchi et al., 2009) and water cy-
inant vegetation, swamp forest, disturbed forests and Ianq:"ng (Betts et al., 2004; Marengo, 2005). It is also a repos-
itory for vast stores of biodiversity (Condit et al., 2002; ter

Steege et al., 2006). One of the main sources of information
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such as the RAINFOR network (Malhi et al., 2002; Peacock In relation to the Amazonian RAINFOR sites, the location
et al., 2007). Studies of these plots have generated signifief study plots may be ‘landscape biased’ because they are
cant insights into the spatial and temporal dynamics of thepart of an initiative that assembles existing plots that were
processes of forest carbon cycling, including biomass (Bakeset up for botanical and forestry studies. It takes the advan-
etal., 2004a; Chave et al., 2005; Malhi et al., 2006; Saatchi etages to have a standardized protocol of methods for colleting
al., 2009), wood productivity (Malhi et al., 2004; Baker et al., field data and therefore, making possible an inter-comparison
2009; Mercado et al., 2009), wood specific density (Baker etamong sites. In this sense, a range of factors could introduce
al., 2004b), changes in growth (Phillips et al., 2002; Baker eta bias in the sampling strategy, including: 1) access limita-
al., 2003; Lewis et al., 2004), turnover (Phillips et al., 1994, tions (e.g. proximity to roads, research stations, towns, rivers,
2004), and diversity (Phillips et al., 1994; ter Steege et al.,etc.); 2) biophysical characteristics of the forest (e.g. slope,
2000; Honorio et al., 2009). understorey, soil moisture, flooding, etc.) and potentially: 3)
The picture gradually emerging from these studies sug-the underlying scientific reason for setting up a plot, such
gests that slow growing forests in central and eastern Amaas different rationale for choosing an area depending on the
zonia, where soils are poorer, have significantly higher abovebjective of the specific study, funding availability, etc.
ground biomass (AGB), higher wood density and larger In this study, we evaluate the existence and potential extent
seeds than stands in northwest and southwest Amazonia thaf sampling bias in the positioning of forest study plots in the
are situated on more fertile soils (Malhi et al., 2006; ter RAINFOR network through the use of remote sensing data to
Steege et al., 2006; Quesada et al., 2009a). However, thevaluate the heterogeneity of the landscape within which the
opposite pattern is observed in relation to forest productivityplot is embedded. Specifically we test whether the regional
and dynamism, which is higher in western Amazonia than invariations in wood productivity, wood specific density and
central and eastern forests, possibly driven by higher soil ferabove ground biomass revealed by the RAINFOR network
tility (Phillips et al., 2004; Malhi et al., 2004; Aré@g et al.,  could be driven by biases in plot location within landscapes.
2009). Furthermore, it has been shown that maximunuiree In the process of testing these hypotheses, we aim to achieve
diversity is related to the length of the dry season (ter Steegehe additional goals of describing the landscape characteris-
et al., 2006). In general, taking into consideration the spa+ics and precisely locating these important plots. As many of
tial and temporal pattern of sampling, there is good supporthese plots have delivered major insights into the dynamics
for the hypothesis that the total biomass of the plots studiethf Amazonian forests, and are likely to continue being mon-
has increased over the last two decades (Phillips et al., 1998tored over the 21st century, this work also provides a use-
Baker et al., 2004a). ful background dataset for the future interpretation of RAIN-
These results have significantly influenced the way thatFOR plot data.
scientists think about the interaction between tropical forests
and the physical environment. However, many of these find-
ings rest on the assumption that the permanent forest plot2 Study sites
are a representative sample of the part of Amazonia in which
they are based. In other words, uncertainties still exist as tdVe evaluate the landscape and field characteristics of seven
whether the plots represent a partial sampling of landscapesites (45 field plots in total) covering western, central and
that are heterogeneous at several scales. Any such systemgastern Amazonia, which have been used in intensive stud-
atic sampling error could challenge some of the findings ofies (e.g. Laurance et al., 1998; Malhi et al., 2004; Phillips
previous studies. et al., 2004; Lewis et al., 2004; Baker et al., 2004a, b). The
The implicit assumption is that a 1 hectare field plot pro- geographic division of the Amazon in three main regions re-
vides a reasonable representation of regional forest strudlects the concentration of sites: Andean countries are con-
ture, species composition and dynamics (Chave et al., 2004 kidered western Amazon, Amazonas State, in the Brazilian
However, to effectively and accurately scale-up these find-Amazon is considered central region, and&Pstate (Brazil-
ings it is fundamentally important to consider the landscapeian Amazon) is the eastern limits of the evergreen closed for-
mosaic structure, defined by Zonneveld (1989) as the “landest. Western Amazonian sites include: Allpahuayo, Cuzco
scape unit”. This sampling unit relies on spatially locating Amazonico, Jenaro Herrera, Sucusari and Tambopata (all in
and mapping homogeneous areas in the landscape based Beru). Central Amazonia site is represented by Manaus re-
the pertinent available data that drives the vegetation chargion, and Eastern Amazonia site is represented by the Cax-
acteristics for a region, and has been used successfully fduaré plots (Table 1). Sites were chosen on the basis of the
mapping different vegetation formations in mountain regionsnumber and the availability of the field plot data, whether
(Franklin and Woodcock, 1997), for scaling Photosyntheticresearch is still being carried out in these areas and on the
Active Radiation (PAR) in heterogeneous ecosystems (Asneavailability of cloud-free remote sensing data (Fig. 1).
and Wessman, 1997), and for identifying the spatial variabil- The characterization of each field plots, including plot
ity of canopy structural characteristics in Amazonia (Atag code, central coordinate of the plot, elevation, plot shape, for-
et al., 2005). est type, and Landsat ETM+ path/row and image acquisition
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Table 1. General characteristics of the sites studied. Data compiled from Malhi et al. (2004). The soil type classes are from the World
Reference Base soil classification; for detailed information, see Quesada et al. (2009a).

Site Location Mean precipitation Mean Soil type
(mm) temperature®C)

Allpahuayo Northern Peruvian Amazon 2760 26.3 Arenosols, Alisol, Gleysol and Plinthosol.
7325 W, 356 S

Cuzco Amazonico  Southern Peruvian Amazon 2420 255 Cambisols
68°57 W, 12°30'S

Jenaro Herrera Northern Peruvian Amazon 2700 26.6 Cambisols, Arenosols
7341 W, 4°55' S

Sucusari Northern Peruvian Amazon 2670 26.2 Plinthosols, Acrisols, Gleysols.
7254 W, 315 S

Tambopata Southern Peruvian Amazon 2420 252 Alisol, Cambisols, Gleysols
69°17 W, 12°50'S

Manaus Centre of the Brazilian Amazon 2170 26.8 Ferralsols, Podzols
60°01' W, 2°28' S

Caxiuara Eastern Brazilian Amazon 2300 26.8 Acrisols, Ferralsols

51°27'W, 1°43' S

81°23'W ¢

0409’ N

Sucusari
Manaus

Caxiuana
Allpahuayo
Jenaro
Herrera
Cusco
7 Amazonico

+ .
o
0 Bolivia Brazil %
Scale aisw

Fig. 1. Location of the 7 study sites: Western Amazonia is covered by Peruvian sites, Central Amazonia is represented by Manaus region
and Eastern Amazonia encompasses Cagiydots. The country limits are in black lines and the sites are indicated in an ETM+ colour
composite image.

dates are depicted in Table 2. Additionally, the description of3 Material and methods

the forest types is presented in Table 3. All of the field plots

are approximately 1 hectare in size, however the shape varieg.1 Remote sensing optical data and image processing

from square plots (100 m100 m) to rectangular transects of:

40 mx250 m, 20 <500 m or 10mx 1000 m (see Table 2).  Fjve Landsat 7/ETM+ scenes were used in this study (Ta-
ble 2). These images were acquired during the dry season
(August and September) when cloud free conditions predom-
inate (Table 1). The images were imported into a dataset
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Table 2. Field plots characteristics. TF =Terra Firme, TF 2 =Terra Firme (type 2), TF 3=Terra Firme (type 3), FAT 1 =Forests over alluvial
terrain (type 1), FAT 2 =forests over alluvial terrain (type 2), FAT 3 =forests over alluvial terrain (type 3), DF = disturbed forest, SW = swamp.

The forest type is derived from the landscape maps in this study; detailed description is presented in Table 3.

Site Plot Country Central Central SRTM altitude Plot shape Forest Landsat Image date
code latitude longitude (mean value, in meters)  xm) type path/row
Allpahuayo ALP-03 Peru  —3°571557  —73°2532.93 145 40x250 TF 006/063 23 Sep 2003
ALP A —3°5657.94  —73°262.87 128 40500 TF3
ALP B —3°57'10.627 -73°26'14.64 136 40x500 TF, TF3
Caxiuard CAX-01  Brazil -1°4414.68  —51°2746.46' 45 225/061 20 Aug 2002
CAX-02 —1°4436.57  —51°2741.34 42 100100 TF
CAX-06 —1°4412.58  —51°2742.52% 47
TEC-02 —1°4224.07 -51°2733.12 42
Cuzco Amadnico CUZ-01 Peru —12°2956.34' —68°5825.63 200 FAT 2 002/069 23 Aug 2001
Cuz-02 —12°2956.87" —68°5814.54' 199 20x500 FAT 2
CuUz-03 —12°2958.81" —68°57'46.65 198 FAT 1
CuUz-04 —12°2957.18 —68°57'35.21 196 FAT 1
Jenaro Herrera JEN-03 Peru —4°5451.14" —73°4432.98 114 100<100 FAT1 006/063 23 Sep 2002
JEN-06 —4°544584  —73°4446.94 112 FAT 1
JEN-09 —4°5729.27  -73°4318.3% 102 FAT 1
JEN-10 —4°5356.37  —73°3850.42 135 DF
JEN-11 —4°5241.56 —73°3746.28 131 TF
JEN-12 —4°5357.36' —73°3740.97 128 50x200 TF
Manaus BDF-01  Brazil —2°20'33.93 —-60°0547.24 116 TF 230/062 8 Sep 2002
BDF-03 —2°2526.96 —59°51'18.08 105 100<100
BDF-04 —2°2538.90 —-59°51'10.75' 120
BDF-05 —2°2532.80 -59°512.87 120
BDF-06 —2°2453.94  -59°51'24.09 111
BDF-09 —2°2348.92 -59°5047.03 114
BDF-10 —2°2319.92 -59°51'18.50/ 123
BDF-11 —2°234.72 —59°5059.77 119
BDF-12 —2°2330.18 -59°51'10.87 110
BDF-13 —2°2355.07 —59°5449.18 153
BDF-14 —2°21'51.27  -59°5827.2% 137
BNT-01 —2°3833.34  —60°0927.44 118
BNT-02 —2°3829.46  —60°09'1.66' 119
BNT-04 —2°3745.28  —-60°0915.08 117
JAC-01 —2°36'23.27 -60°1223.53 90
JAC-02 —2°3654.20 —60°1146.58 101 20500 TF 006/062 23 Sep 2003
Sucusari SuUC-01 Peru  —3°157.60' —72°5426.77 123
SUC-02 —3°154.17 —72°5412.94 128
SUC-03 —3°1449.02 -72°5520.76' 101
SUC-04 -3°151.29°  —72°5331.57 125
SUC-05 -3°1537.68 —72°5358.02 129
Tambopata TAM-01 Peru —12°5038.87 —69°1718.18 211 100<100 FAT 3 002/069 23 Aug 2001
TAM-02 —12°505.117"  —69°179.89 214 FAT 3
TAM-04 —12°5011.47 —69°1642.61 211 SW
TAM-05 —12°4949.04 —-69°16'13.92 210 TF
TAM-06 —12°50'18.59 —69°1745.65 194 FAT 3
TAM-07 —12°4932.458 —69°1539.7% 227 TF
TAM-08 —12°4934.70 —69°16'9.95 220 TF

in the SPRING Geographic Information System (GIS) freeric rectification was performed using the NASA GeoCadver

software (@mara et al., 1996) for image processing andproduct, with 14.5m spatial resolution.

The root mean

spatial data integration. The projection used is geographisquare error (RMSE) was less than two pixels and normally
and WGS84 datum. The six Landsat/ETM+ spectral banddess than one, depending on the number of control points se-
centred at 479nm, 561 nm, 661 nm, 834nm, 1650 nm andected in each scene (mainly roads or rivers).

2220nm (bands 1 to 5 and 7) with 30 m spatial resolution For the Tambopata site, an IKONOS satellite pan-
were geographically rectified using the methodology sug-chromatic image with 1m spatial resolution acquired in 2001
gested by Richards (1993). The image-to-image geometwas used as ancillary data to support the interpretation of the

Biogeosciences, 6, 1888302 2009
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Table 3. Land cover classes description.

Land Cover Classes in this study Description based on field obsBescription based on the textureDescription based on the “UN
vations of the ETM+ Landsat images Land Cover Classification
System?@
Land use Bare soil, pasture areas, cropBare soil Depending on the region/size of
lands and roads the patches: 1, 3 and 4
Disturbed forest Disturbed forest, secondary forTexture of a more homogeneousl
est and logging areas “canopy topography” than pri-
mary forests
Clouds Cloud 6
Cloud shade Cloud shadow/dark patches clog®
to clouds formations
Water Rivers and water bodies 5
Terra Firme Typical Terra Firme area, with Texture similar all over the re- 1. Some patches in the valleys: 2
the elevation data showed gions
Terra Firme2 Terra Firme forest presence of Patches of forests wittdarker 1
palm trees, with sandy soil spectral characteristics than the

Terra Firme forestqwithout ap-
plying any contrast in the im-

agery)
Terra Firme3 Terra Firmeforests, presence of Patches of forest with spectral 1
palm trees, with sandy soil texture between theTerra Firme
and Terra Firme 2 spectral tex-
tures
Forests over alluvial terrain, type 1 Forest physiognomy in sea- Texture in the image presenting2 and 1
(FAT 1) sonal inundated area located ina pattern of “vegetation lines”
Holocene /Pleistocene alluvial closed to each other, suggesting
formation the shape of Paleo-rivers
Forests over alluvial terrain, type 2 Forest physiognomy without in- Texture very similar from FAT 1. 1
(FAT 2) undation periods also located Visually is not possible to differ-
in Holocene /Pleistocene alluvial entiate from type 1, but it does
formations separates using classification al-
gorithms

Forest over alluvial terrain, type 3 Forest physiognomy similar to Forest physiognomy with the 1

(FAT 3) Terra Firme forests, abundant same spectral texture of Terra
palm trees and Heliconias in the Firme forests; however, it is pos-
understory, and more open; lo-sible to observe in the ETM+
cated in Holocene/Pleistocene al-Landsat imagery Paleo-river for-
luvial formations, non-flooded ~ mation

Forests over alluvial terrain with low Similar texture of FAT 1 and 2and1
density of individuals FAT 2, however it is visible in the
imagery patches of bare soil
Bamboo Bamboo dominant vegetationClassification algorithms sepa-1
formation. rated the bamboo areas into two
types
Heliconia Dominance oHeliconiaspecies Texture of FAT vegetation; in the 2 and 1

image composition 543 in RGB
channels, it shows softer green
colour, slightly purple

Flooded area Permanent flooded area Mixture of green vegetation wAth
water bodies
Seasonally inundated Seasonally inundated area owomogeneous green texture2 and 1
streams (RGB 543)in the valleys of

Central Amazonia

& UN Land Cover Classification System Classes: 1 — Closed to op&h%) broadleaved evergreen or semi-deciduous foreSt);
2 — Closed to openx{15%) broadleaved forest regularly flooded (semi-permanently or temporarily) — Fresh or brackish water, 3 — Mosaic
cropland (50—-70%)/vegetation (grassland/shrubland/forest) (20-50%), 4 — bare areas, 5 — Water bodies, 6 — No data (burnt areas, clouds).

www.biogeosciences.net/6/1883/2009/ Biogeosciences, 6, 1882-2009
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classified image, such as the identification of palm tree areagjeal with the latter limitation of the remote sensing data, to-
swamp limits and the bamboo dominated regions which argpographic data were used to further characterize this variabil-

clearly identified in this image. ity without introducing false detections, as differences in for-
_ _ est species composition and dynamics in plateaus are known
3.2 Topographic data processing to be different from valleys (Chambers et al., 2001).

The image classifications performed in this study were

The topographic dat_asgt used in this §tudy !s the Shu"”egenerated by using image segmentation coupled with a
Radar Topography Mission ('SRTI\./I).versmfh hich gener-  a4ion-hased algorithm that have previously been success-
at_edacomplett_a hlgh-resplutlon digital topographic databas_efu”y applied for mapping purposes (Rodriguez Yi et al.,
with 90 m spatial resolution. Th_ese data measure approxi»n0: Almeida Filho and Shimabukuro, 2002). The approach
mately the top of the canopy height and thus do not repreyy,5 phased on a region-growing technique developed by Kai
sent the actual ground elevation value (which will be approx-4ng Muller (1991) and a non-supervised classification algo-
imately 30m below SRTM elevation). To exclude outliers \jhm pased on clustering techniques, developed by Bins et
caused by water bodies from the analysis, we replaced therg; (1993). When this classification algorithm did not ef-
with the mean value of the neighboring pixels. The elevationseively distinguish different forest physiognomies, we used
data were then resampled to 30 m spatial resolution using annther region-based algorithm that uses a similarity crite-
nearest neighbor algorithm, for the following step of data ag-(iq for clustering the differences based on the image his-

gregation on the Landsat 7 ETM+ images. togram (Gmara et al., 1996). The comparison of the perfor-
mance of each algorithm is not part of this research.
One potential problem associated with automatically clas-

For this study, a considerable effort was spent precisely locatSified maps is the production of omission and commission

ing the field plots. The field plots were firstly located in the €Ors due to spectral similarity among targets or algorithm
images using the Global Position System (GPS) point dat&mnayons (Shlien anq Smith, 1975; Fitzgerald and.Lees,
acquired during field campaigns by the authors and other in-1994' Stehman, 1997; Salovaara et al., 2005). Thus, in order

vestigators. The Tambopata and Caxdasot limits were to generate more clearly differentiated results, we performed

obtained by walking along the perimeter of the plots and ac-2 manual edit of the maps to correct for class confusion and

quiring several points with the GPS connected to an external® 2djust the limits of the land cover classes.
antenna placed on a 5 meter height structure. The use of the The land cover classes defined in this study were generated

GPS antenna improved the signal reception, providing a relapasecj on the combination of 3 groups of dataset. The first

tive low spatial error of only 3-5m. For the other areas, loca-ON€ IS the “UN Land Cover Classification System” (GLOB-

tion points were taken at the corners of plots or at some placéOVER) (Bicheron et al., 2008), in order to have an inter-
within the transect and were used in addition to the field in-national land cover type classification. The GLOBCOVER

formation such as distances to other plots, field camps, river§!2ssification is based on a 300 m spatial resolution dataset.
and roads to demarcate the plot area. Secondly, for each class, a brief description of the texture

Based on the location of the field plots, a region of in the ETM+/Landsat image (30 m spatial resolution) is pre-

10kmx10km with the field plots located in the center sented in order to capture land cover formations not depicted

was established for defining the “landscape” region to bell the UN Land Cover Classification System, due to the spa-

mapped and analyzed. In the two areas where the fielcﬁial resolution of the dataset. In addition, the inclusion of the
plots were located far from each other, larger areas were sd€Xtural description of the Landsat imagery can be a useful
lected to include all the plots (the Jenaro Herrera landscape iS°Urce of information for the remote sensing community and
15 kmx 10 km and the Manaus landscape is 454@0 km). scientists exploring this tool o assess land cover in Amazo-
Due to limitations of classification algorithms, in this nia. Finally, field observations are presented (Table 3). Ama-
study we combined the use of two distinct algorithms, in or- zonian rain forests have traditionally been divided into two
der to detect and classify the higher number of forest phys_major for_est types: inundated forests (over alluvial terrain)
iognomies as possible. The assumption is that if there is &nd non-inundated fgrestéfe(rra Firmg (Salo. et al., 1986;
significant spectral difference among vegetation types, Capj’uomlsto etal., 1994; de Grandi et al., 2000; Tuomisto et al.,
tured by the classification algorithm, then each vegetati0r12003)' i . L .
class in the map will reflect a distinct physiognomy. Satu- The alluvial terrain formation is related to the genesis of
ration of the remote sensing signal captured by the sensor€ rvers from Andean sources, where tectonic perturbance
combined with the heterogeneity of targets (canopy layer)°f the fluvial system during the Tertiary and Quaternary oc-
can lead to the classification algorithms to have inadequat&@sioned the change of the rivers flow and direction, exposing
grouping of dissimilar forest type or group distinct vegetation a soil with different physical and chemical properties (Hoor,

types that present the same reflectance in one forest class. o4 Campbell et al.,, 2001). Therefore, forests over allu-
vial terrains (or Paleovarzeas) are forests physiognomies lo-

2ftp://e0srp0lu.ecs.nasa.gov/srtm/version2 cated on relatively recent soils. Interestingly, the forests over

3.3 Generating the landscape maps

Biogeosciences, 6, 1888302 2009 www.biogeosciences.net/6/1883/2009/
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Fig. 2. Allpahuayo site:(a) Landscape magp) Landsat image for the field site (RGB channels in band 5, band 4 and band 3), the black
rectangles represent the transects linfitshistogram of the elevation distribution per land cover class, with the field transects.

alluvial terrain, or forests over Paleovarzeas, are easily recgeneous than those forests over alluvial terrain, on Fluvisol
ognized in optical remote sensing imagery, unlike inundatedsoil type.

forests. In addition to this main differentiation dferra Firmeand
The forests over alluvial terrain can also be further dividedforests physiognomies over alluvial terrain, the SRTM data
into two major groups: a) forests over alluvial terrain, that in was used to further characterize the altitudinal range of each

the ETM+ Landsat image presents the same texture as Terfgne of the vegetation classes depicted by the classification
Firme forests, and b) forests over alluvial terrain that presentsigorithms.

a texture in the ETM+ Landsat imagery of permanently or Map algebra were carried out by running a script written

seasonally inundated areas. This differentiation in subtype]s'h Spatial Language for Algebra Geoprocessing (LEGAL) by

of forests over alluvial terrain based on the textural propertyusing Boolean operations for integrating the forest physiog-
of the satellite image is an effective way to characterize thenomy classes and the elevation layers

heterogeneous mosaic of forest composition and structure in
Terra Firmeareas associated with differences in edaphic con-

ditions (Table 3). 3.4 Wood productivity, wood specific density and above
Terra Firme forests encompass a number of ecologically ~ 9round biomass (AGB) of the field plots in the land-
different forest types (Duque et al., 2003; Phillips et al., scape context

2003; Malhi et al., 2004; Araip et al., 2005). A large di-

versity of soils is found beneafferra Firmeforests in Ama-  To evaluate which land cover types have been sampled in
zonia (Quesada et al., 2009b), with Ferralsols, Acrisols, Lepield inventories and the representativeness of these samples
tosols, Cambisols and Plinthosols accounting for more tharin the landscape mosaic we analyzed the proportional contri-
80% of the soils types, and the forests’ textural properties obbution of each land cover type and the spatial location of the
served in remote sensing imagery are generally more homdfield plots.
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The obijective of this study was to assess the representahen compared with the forest properties obtained by sim-
tiveness of forest properties of the sample plots in relationple, non-weighted average across the forest plot data. Any
to the wider landscape. This was done by assigning a measignificant discrepancies between weighted and un-weighted
sured value of forest parameters to each forest class mappe@lues would indicate a degree of landscape bias. The for-
in the remote sensing images, and then scaling to the landest variables assessed were the updated estimates of above
scape by weighting according to the area covered by each foground wood productivity (Malhi et al., 2004), wood spe-
est class. The weighted analysis was carried out only on sitesific density (Baker et al., 2004b) and above ground biomass
with field measurements in more than one forest physiog{Malhi et al., 2006). The first census data is from 1981
nomy (Allpahuayo, Cuzco Amazonico, Jenaro Herrera and(Manaus site), and the most recent ones are from 2006 (Je-
Tambopata). In general, most of the field plots are located omaro Herrera site). As the time interval and the total number
Terra Firme sites or in Paleovarzea sites. Therefore we assf years monitored between the forest census can affect the
sess hias in sampling of the Terra Firme and alluvial terrainabove ground wood productivity estimates, two rules were
forests formations, not of the entire landscape (Table 2). Inapplied for calculating the final values: a) the 2005 year for-
Allpahuayo, two types of Terra Firme forest were identified, est census was not taken into account, as it was an anomalous
and in Cuzco Amazonico, Jenaro Herrera and Tambopatajry year and there was an increase in trees mortality (Phillips
three types of vegetation formation over Paleovarzea weret al., 2009), and b) a time-weighted procedure (multiplying
characterized. We use the relative area within the landscaptihe number of years in the time-interval by the wood produc-
of the physiognomies that characterizes the plots within ativity for that interval and dived the result by the length of the
site to calculate a weighted average for the three biophysicainterval) for calculating the final estimates was used.
variables. Vegetation physiognomies where no field data was
available were not considered for the calculation. This was
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Table 4. Detailed site parameters. Mean values of wood productivity wood density and above ground biomass updated from Baker et
al. (2004a), Malhi et al. (2004, 2006). Forest censuses are pre-2005 year, except for the following plots: JEN 10, JEN 11, SUC 03 SUC 04,
SUC 05, CAX 06. Mean values/Weighted mean values presentediwitie standard error.

Site Field plot Mean Productivity Mean Density Mean Biomass
(Mg C haly1) (gem3) (Mg DW ha™1)
ALP-03 2.00 0.66 265
ALP A 1.45 0.64 225
Mean value 1.71640.19) 0.64 ¢0.01) 233 {:20)
Weighted mean value 1.90 0.65 254
Cuz-01 191 0.55 262
Cuz-02 2.10 0.52 225
CUZ-03 2.15 0.55 231
Cuzco Amazonico CuUZ-04 3.14 0.58 280
Mean value 2.3240.31) 0.55 £0.01) 250 £15)
Weighted mean value 2.34 0.55 250
JEN-03 2.55 257
JEN-06 2.72 269
JEN-09 2.55 279
JEN-10 1.29 233
Jenaro Herrera JEN-11 4.07 0.67 295
JEN-12 0.59 0.67 266
Mean value 2.2940.54) 0.67 26749)
Weighted mean value 2.47 275
SuUcC-01 3.53 0.60 287
SUC-02 411 0.61 284
) SUC-03 2.10 0.70 322
Sucusari SUC-04 3.33 0.62 298
SUC-05 2.93 0.61 287
Mean value 3.24£0.37) 0.63 £0.01) 296 {£7)
TAM-01 2.75 0.51 235
TAM-02 2.16 0.53 245
TAM-04 2.98 0.61 290
TAM-05 2.47 0.61 250
TAM-06 1.70 0.49 255
Tambopata TAM-07 2.79 0.61 260
TAM-08 1.81 0.58 219
Mean value 2.3840.20) 0.56 £0.02) 251£9)
Weighted mean value 2.260.67) 0.52¢-0.15) 248 {75)
BDF-01 2.40 0.72 289
BDF-03 2.20 0.66 358
BDF-04 1.90 0.67 277
BDF-05 2.24 0.69 322
BDF-06 2.28 0.68 306
BDF-09 2.39 0.71 405
BDF-10 2.39 0.70 328
BDF-11 1.16 0.70 395
BDF-12 2.17 0.70 380
Manaus BDF-13 1.73 0.71 365
BDF-14 231 0.71 406
BNT-01 1.26 0.69 376
BNT-02 1.32 0.70 398
BNT-04 2.15 0.71 337
JAC-01 221 0.67 302
JAC-02 2.02 0.68 292
Mean value 2.010.16) 0.70£0.00) 346 £12)
CAX-01 1.39 0.73 394
CAX-02 2.88 0.71 376
Caxiuari CAX-06 0.49 0.71 416
TEC-02 0.30 0.74 446
Mean value 1.2740.68) 0.73 £0.00) 408 £17)
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Fig. 4. Jenaro Herrera sit¢a) Landscape magb) Landsat image for the field site (RGB channels in band 5, band 4 and band 3), the black
rectangles represent the transect limigyhistogram of the elevation distribution per land cover class, with the field transects.

4 Results field plots are representative of two of the identified forest
types ([Terra FirmeandTerra Firme 3) covering 93% of the

natural landscape units mapped in this study.

Application of an area-weighted approach results in the
mean value of wood productivity, wood specific density and

The Allpahuayo “landscape” map has 5% of the total area®20ve ground biomass being 10%, 1.5% and 8.2% higher
han with the simple mean (Table 4).

covered by land use (roads, agriculture, pastures, villages)t,
25% covered by disturbed forest and 70% classifieteasa
Firme (Fig. 2a, b). Within theTerra Firme forest class, 4.1.2 Cuzco Amazonico
the classification algorithms detected three spectrally distinct

4.1 Landscape maps and field plot representativeness

4.1.1 Allpahuayo

Terra Firmeforest types (Table 3), here denominafiedra
Firme 1, Terra Firme 2 andTerra Firme 3 (73%, 6% and
21%, respectively). These thr@erra Firmeforest types oc-

The Cuzco Amazonico landscape is located in a predomi-
nantly alluvial region in the vicinity of the Madre de Dios
River, where the Cambisol soil type dominates. It has 2%

cur in the same elevation range, varying from about 96 m toof the area classified as land use, 10% of the area is cov-

166 m (Fig. 2c).

ered by rivers and 6% is flooded area. Excluding these areas,

The characteristics of the three sample plots in Allpahuayathere are four spectrally different forest physiognomies de-
are described in Table 4. The ALP A and ALP B plots are tected by the algorithms (Fig. 3a, b)lerra Firme forests
transects that crosses both sandy and clay soils (Quesadaate located in northern and southern extremes of the Land-
al., 2009b); however only the area around plot B was classiscape map, representing 5% of the area. The forest over al-
fied by the algorithms as picking up this variability. Based luvial terrain (FAT) type 1 (occasionally inundated region —
on the field descriptions of these two plots, it appears that théfable 3) represent 40% of the area, while the forest over al-
Terra Firme2 andTerra Firme3 classes are related to sandy luvial terrain (FAT) type 2 (non inundated areas) covers 37%
soils, whileTerra Firme 1 class reflects the forests on clay of the region. As would be expected, the FAT type 1 is lo-
soil. The biophysical parameters also support this approachcated in lower areas (Fig. 3c). There is a homogeneous and
ALP-03 has higher above-ground biomass and wood densitgpectrally distinct area covering 8% of the landscape charac-
than ALP A and ALP B. However ALP-03 has higher wood terized byHeliconiasp. mono-dominance previously verified
productivity, exhibiting more dynamism than expected. Thein the field (T. R. Baker, personal communication). The last
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Fig. 5. Sucusari sitei(a) Landscape mapb) Landsat image for the field site (RGB channels in band 5, band 4 and band 3), the black
rectangles represent the transect limic3;histogram of the elevation distribution per land cover class, with the field transects.

forest class is a forest over alluvial terrain that presents a veryhe primary forest physiognomies are composed of forests
low density of individuals with patches of bare soils evident, over alluvial terrain, type 1, in the lower terrace (Table 3),
representing 10% of the area. representing 30% of the mapped area, and 40% covered by
There are four field plots in Cuzco Amazonico region. The Terra Firmeforests (Fig. 4).
plots CUZ-01 and CUZ-02 are located in the non-flooded ter- There are six plots in this region, three of them in the Pa-
race and have a mean value of above ground biomass, wod@ovarzea, located in different elevation (Fig. 4c), two plots
productivity and wood density lower than the plots CUZ- located in theTerra Firme physiognomy, and one plot in
03 and CUZ-04, which present small sections that can gethe disturbed forest class. The mean value of above ground
flooded (T. R. Baker, personal communication). Consider-biomass is higher in th&erra Firmeplots than in the plots
ing the primary forests land cover physiognomies, the fieldover alluvial terrain, and the latter have mean AGB higher
transects cover two of the five classes, covering 77% of théhan the plot located in the disturbed forest (JEN-10). The
landscapes units mapped. JEN-10 plot location might be affected by errors on the geo-
The weighted analysis showed minor changes in woogcorrection of the image and GPS measurements, as it is justin
productivity (an increase of 0.8%) and no changes in woodthe limit of the disturbed forest class amérra Firmeclass.
density and above ground biomass in relation to the un- The weighted analysis showed an increase in 3% for above

weighted mean (Table 4). ground biomass and 7% increase for the overall wood pro-
ductivity for this site. Wood density was not evaluated due to
4.1.3 Jenaro Herrera the limited number of plots with this measurement (Table 4).

Considering the forests physiognomies, the field plots in this

The landscape of Jenaro Herrera has 11% of its area coverd§9ion cover 81% of the landscape classes mapped for this
by rivers and water bodies, 12% covered by disturbed forest§'t€:
and 15% covered by land use class. Excluding these classes,

www.biogeosciences.net/6/1883/2009/ Biogeosciences, 6, 1882-2009



1894 L. O. Anderson et al.: Landscape heterogeneity of forest variables in Amazonia

v 69°°20° 545 W P> 69° 20' 547 W

TAM 07 TAM 07
TAM 08 TAM 08

TAM02 TAM 05 TAM 02 1AM 05
TAM 04 TAM 04

TAM 01 TAM 01

» w
y N
] o
& &
69° 15’ 27" i 690 15’ 27" W
0 240 m 70[ —<—Terra Firme
Alluvial terrain type 2 Terra Firme 60 _,ﬂtgj.’s‘;:‘f;;;',’_-‘;‘;;;{"“ £
—0—Bamboo 1
190 m 210m -g 50 -S—gambooz
. —p—
B Swamp []Disturbed forest :'; wof —— Paim Porest
M Land use £ "
[ 1Bamboo 1 Il Water < 50t ? bty o Kot
I:lBamb?o? M Palm forest g I R R R
B Plots limits - 20t 5 e o R R e B e

-
o
T

0 Py
182186 19

= : d - - OO
0194198202206 210 214 218 222 226 230 234 238 242

Elevation (m)

Fig. 6. Tambopata site(a) Landscape magp) Landsat image for the field site (RGB channels in band 5, band 4 and band 3), the black
rectangles represent the transect lim{ts; histogram of the elevation distribution per land cover class, with the field transects — the red
rectangle in x-y-axis is presented in a zoom.

4.1.4 Sucusari higher above ground biomass than the other plots in this site
(Table 4).

The Sucusari site haso 12% of the mapped area c(?vgred bY The weighted analysis for the Sucusari was not carried out,

river and streams, 11% is disturbed forests and 1% is land,q 5| the plots are located in the same forest physiognomy (as

use classes. The primary forests physiognomies are divideg,, 55 the Landsat/ETM+ analysis could distinguish).
into Terra Firme class (90%) and 10% covered by forests

over alluvial terrain, type 2 (Table 3).

There are five plots in Sucusari, all located in the Terra%-1-5 Tambopata
Firme physiognomy, except plot SUC-03 which is a sea-
sonally flooded forest (Fig. 5a, b). The Landsat/ETM+ im- In the Tambopata landscape map (Fig. 6), 7% of the area cor-
age classification was not able to distinguish the seasonallyesponds to land use, 6% is covered by rivers and water bod-
flooded region from other regions; however, according toies, and 4% is covered by disturbed forest. The non-disturbed
the field characterization of the plot SUC-03 and the ele-vegetation type is divided into 10% ®€&rra Firmeclass and
vation gradient of the region derived from the SRTM data, 75% of forests over alluvial terrain, type 3 (Table 3). Palm
it is possible to distinguish two types of Terra Firme: the tree forests (1% of the forest area), Bamboo forest (2 types,
plateau and the river valley. Plot SUC-03 is located veryrepresenting 2% and 4% of the forest area) and the Swamp
close to a river and is seasonally inundated, suggesting alass (5% of the area) were spectrally distinguishable and
threshold around 110 m elevation to separate both physiogwere characterized by using a combination of high resolu-
nomies (Fig. 5¢). This site has lower wood productivity and tionimagery (Palm tree forest and swamp), field data (swamp
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Fig. 7. Manaus site:(a) Landscape map(b) Landsat image for the field site (RGB channels in band 5, band 4 and band 3), the black
rectangles represent the transect limigy;histogram of the elevation distribution per land cover class, with the field transects.

area) and the literature (bamboo areas — in Foody and Hilland 2% covered by land use. The undisturbed forests were
1996). classified as 98% of Terra Firme and 2% alluvial. The Terra
There are seven plots in this site. The TAM-01, TAM- Firme class did not present spectral differentiation in the ele-
02, and TAM-06 are located on a Pleistocene terrace, andfation range; however it is possible to assume that from 70 m
this area was classified as forests over alluvial terrain, type 3to 80 m elevation there is a cut off and the landscape can be
The plots TAM-07 and TAM-08 are located in a Pleistocene subdivided into river valleys and plateau (Fig. 7). Using this
terrace, and the vegetation type was classifieteas Firme  elevation range as a threshold, 17% of Teera Firmeforests
forest physiognomy. There is also one plot located in thein this landscape can be considered as river valley vegetation
swamp region, TAM-04, which presents higher above groundtype.
biomass and wood productivity then the other plots in this There are 16 plots in the Manaus area (Table 4). They are
site. The Terra Firme plots have a mean wood density valudocated in theTerra Firme forest from 90 m to 160 m alti-
higher than the forests over alluvial terrain, type 3, in this tude, representing 98% of the area mapped. The plots JAC-
site, but lower mean values of above ground biomass an@1 and JAC-02 are transect measuring<2800 m, ranging
wood productivity. Taking into account all the undisturbed across plateau and lowland areas associated with streams val-
forested physiognomies, the field plots are representative dieys. This variation is reflected in the landscape mafeima
90% of the total landscape studied in this site. Firme class in association with the SRTM data. The veg-
The weighted analysis estimates a decrease in the values efation structure (Higuchi et al., 1998) has been previously
the three biophysical parameters in relation to the publishegpublished for these plots. Soils vary from very clay-rich Fer-
data, with 1.2% lower above ground biomass, 2.9% lowerralsols in the plateau to very sandy Podzols in the lowland
wood productivity and 3.5% lower wood density (Table 4). (Quesada et al., 2009b). The two JAC plots are character-
ized by relatively lower above ground biomass and relative
4.1.6 Manaus higher wood productivity in comparison to the other plots in
this site.
The landscape map generated for Central Amazonia (Manaus In general, the Manaus field plots have been intensively
region) has less than 1% of the area covered by clouds, cloudtudied and described in the literature evaluating AGB, wood
shade and water bodies, 7% is covered by disturbed forestgroductivity (Chambers et al., 2001; Clark et al., 2001) and
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Fig. 8. Caxiuard site: (a) Landscape map(b) Landsat image for the field site (RGB channels in band 5, band 4 and band 3), the black
rectangles represent the transect limic3;histogram of the elevation distribution per land cover class, with the field transects.

forest edge effects (Laurance et al., 1997; Nepstad et alglouds shadows that covers 21% of the mapped area. The
1999). Considering the field sites that can be affected by edgendisturbed forest is composed mainly Tgrra Firmeclass
effects (Laurance et al., 1997; Laurance et al., 1998), th€74% of the total area) with homogeneous spectral response
plots BDF-01, BDF-10 and BDF-14 are located in less than(Fig. 8). However, theTerra Firme forest can be sub-
500 m from a disturbed or anthropogenic area. These plotglassified into plateau and river valleys if a threshold around
show a mean wood productivity and biomass of 2.33 Mg C30-40 m elevation is considered (Fig. 8a). In this case, 36%
ha! year! and 274 Mg C hal, respectively. The wood of the landscape region evaluated can be considered as river
productivity value is higher than the mean value for the othervalley vegetation type.

plots in this site suggesting that forest disturbance affects |n Caxiuard we utilised four field plots: CAX-01, CAX-

these biophysical parameters. 02, CAX-06 and TEC-02 (Table 4). The transects CAX-01
The Manaus plots can be therefore considered to coveand CAX-02 cover part of the elevation range, from 29 m to

Terra Firme plateau and river valleys, as well as disturbed 35 m. These two plots present higher wood productivity and

forests. The forest physiognomies not being sampled are thiwwer above ground biomass than the other plots located in

seasonally inundated areas, which represent less then 3% tfie plateau.

the landscape.

4.2 Regional variation in wood productivity, wood spe-
4.1.7 Caxiuara cific density and above ground biomass

The Caxiua@ landscape has two anthropogenic classes (lan@Vood productivity did not show a clear regional pattern from
use and disturbed forest, covering less than 1% of the areajhe south-western sites to the north-eastern sites (Fig. 9a),
a river covering 4% of the landscape map and clouds andut wood density and above ground biomass mean values
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were higher in the north-east (Fig. 9b and c). These patterns

did not change according to the result of the area weighted-

analysis (Fig. 9). Fig. 10. Macro-regional variability of(a) Wood productivity,
In this study, the Peruvian plots were considered as westfb) wood density andc) above ground biomass mean valugs (

ern Amazonia sites, the Manaus plots in Brazil were consid-one standard error) for the plots located in Tieera Firmephysiog-

ered central Amazonia site and the Caxi@ptots were con-  homy.

sidered eastern Amazonia site for a macro-regional analysis.

An evaluation of the plots located only in tAerra Firme

T T 1
Western Amazonia Central Amazonia Eastern Amazonia

physiognomy showed that the three variables are clearly disPhysiognomy is also located in the same geomorphological
area as the type one (Cuzco Amazonico, plots 01 and 02),

tinguishable from western to eastern Amazonia (Fig. 10). b th h 2l for inundati | |
The variation in the spatial heterogeneity of the landscape ut without the potential for inundation. It presents lower

; . oo : n values for the thr rameters evaluated. The forests
observed in the forests over alluvial terrain is characterized 'can Values 10 ee parameters evaluated € fore

by differences in texture observed in the remote sensing datgvze%llt:;”&! :‘forﬁl?r;;)gjlz'St’olcselr?ga;?q?j mrg:l?]rtstir.raﬁ:f’ aaIS;as
that reflects differences in geomorphology, vegetation, soil u ! ' b Igher vaiu

chemical and physical characteristics and inundation pulsec.)]c above ground biomass and wood productivity than type 2
d lower values of those parameters than type 1.

The three types of forests located on Paleovarzeas classified"
in this study also reflect these differences. The physiognomy
type 1, characteristic of Jenaro Herrera (plots 3, 6 and 9) and
Cuzco Amazonico (plots 03 and 04), is composed of younger
soils, probably from the Holocene period. This physiognomy

is characterized by higher above ground biomass and is more
productive than the other two types (Fig. 11). The type 2
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5 Discussion sat/ETM+ image with altimetry data derived from SRTM to
achieve the same results as found for the map solely based
5.1 Landscape mapping on field data (Salovaara et al., 2005). They succeeded in

separating inundated areas frderra Firme howeverPebas

Remote sensing data can be an important source of informeformation forests and intermediaferra Firmeforests were
tion on the spatial distribution of different vegetation phys- misclassified by the algorithms. Due to the characteristics
iognomies in tropical forests. In this study, we distinguishedof the forest types evaluated in this study, forests over allu-
three types offerra Firmeforests, three types of forests over vial terrain (inundated and non-inundated forests) were gen-
Paleovarzeas (alluvial terrain), swamp areas, palm foresterally successfully separated automatically fréenra Firme
two types of bamboo dominated forests and seasonally inareas (with the exception of one site, Sucusari plot SUC-03).
undated areas. Moreover, in theTerra Firmeforests in the Allpahuayo site,

Salovaara et al. (2004) produced a map based on field work was possible to automatically separate thfeera Firme
data with four main forest classes separated by floristic charsub-classes due to the presence of forests over sandy soil and
acteristics in northeastern Peruvian Amazonia. The same auegions with high palm tree density, a feature which is visu-
thors then investigated the possibility of aggregating a Land-ally darker in the satellite image due to the higher proportion
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of canopy shade. Previous studies reported that sandy sodharacterized by forests over alluvial terrain. Similarly, Tam-
forests could not be automatically separated using satellitdopata and Jenaro Herrera sites have the majority of their
images due to limitations of the algorithms (Foody and Hill, plots in Holocene alluvial terrains. Although very few of
1996; Hill, 1999). At this site, the forest characteristics of these plots located in forests over Paleovarzeas are seasonally
the sandy soils appear to be sufficient distinct from those offlooded, the mean wood productivity of these sites is about
the surrounding clay areas. the same as the Westefarra Firmesites, and the absolute
Foody and Hill (1996) have studied the Tambopata regionmean value is higher than the mean values fofeita Firme
on a larger geographic scale, and using automatic classificasites (Fig. 12a). It is pertinent to note that the seasonally
tion they were able to separate the swampy areas from th8ooded plots show a wide range of coarse wood productivi-
other land cover typesBambooand lowland forests). In ties, possibly related to sediment loading and flooding period
spite of using different classification algorithms to Foody and (Malhi et al., 2004).
Hill (1996), in this study we still expected that the swamp ar- A previous study quantifying the flooded forests in Central
eas would produce a distinguishable spectral characteristicAmazonia estimated a total area of 38M0° km? (Hess et
However, this was not the case. One possible explanation foal., 2003) — a substantial region with high importance for the
this lack of differentiation might be that the images in the two carbon fluxes. Therefore, more studies on quantifying the dy-
studies were acquired on different dates. Thus, it is probabléamics of the flood plain forests would provide valuable and
that the water level may have been different; thereby changmore accurate information on the variation of the amount of
ing the swamp’s spectral properties and the ability to distin-carbon stored in these areas and its dynamics. In their anal-
guish swamps froriierra Firmeforests. ysis of the RAINFOR plots, Baker et al. (2004b) found that
ABG and stand-level wood specific gravity of the floodplain
5.2 Wood productivity, wood density and above ground  plots are structurally the same as the non-floodplain western
biomass patterns across Amazonia Amazonian plots. Our results showed that there is a signifi-
cant difference in wood density from forests located on more
Our results generally support previous findings about the rerecent alluvial terrain sites and WesteFarra Firme sites

gional variation in forest wood productivity, wood specific (Fig. 12b) but no significant difference in the above ground
density and above ground biomass in Amazonia revealed byiomass (Fig. 12c).

the RAINFOR network (Malhi et al., 2004; Phillips et al.,

2004; Lewis et al., 2004; Baker et al., 20044a, b). The RAIN-

FOR sites in this study have been used to demonstrate that .

forest productivity is higher in western Amazonia than the 6 Conclusions

Central and Eastern regions. This pattern follows a gradient

of soil structural and chemical composition and number ofIn this paper we have precisely located many key RAINFOR
dry months (Quesada et al., 2009a). It has also been sugplot clusters covering western, central and eastern Amazonia
gested that the absolute wood specific density value of théor a landscape evaluation of the representativeness of those
species declines with increasing soil fertility similarly for plots and its implications for a apparent regional variation in
both trees and saplings/shrubs (Huston, 1980; Swaine antrest biophysical parameters.

Becker, 1999), and that there is no robust relationship be- We conclude that the plots were generally representative
tween soil fertility and wood specific density of tropical for- of the forest physiognomies in the landscape in which they
est tree species (Wright, 1992; Clinebell et al., 1995). Inare located, and the forest parameters analysis supports the
this study, western Amazonia had the lowest mean value fobbserved regional trends.

wood specific density. Muller-Landau (2004) and Baker et The landscape maps generated here can be used as a ba-
al. (2004) reported higher wood specific density in nutrient-sis for defining different vegetation types to be sampled, and
poor soils in central Amazonia and lower values in Westernfu[ure work invo|\/ing radar remote Sensing data could be

Amazonia with richer soils, independent of rainfall, season-ysed in combination for improving of the capturing the forest
ality and temperature. However, it has been generally notedryctural parameters.

that within the RAINFOR sites, wood specific gravity varies

widely among species and that within-species variations carA wnowled 14Ve thank the EU-funded PAN-AMAZONIA
also be significant (P4to et al., 2009). cknowleagementsive thank the EL-funde i

L . . project for the training and field campaigns funds, the Coordemagc
Nebel et al. (2001), found a §|gn|f|cant relatlonshlp be- de Aperfeicoamento de Pessoal devéll Superior (CAPES) for
tween forest productivity and biomass and the period ofyhe php scholarship (BEX4018052) and Instituto Internacional de

flooding in seasonally inundated forests. Therefore, as wesducago do Brasil (BECA-B/2006/01/BDE/04) for the financial
showed that some of the RAINFOR plots are located in al-support. We also thank the RAINFOR network participants for

luvial terrains, it might be expected that these sites could beheir helpful comments and effort to better locate the field sites.
driving the observed east-west variation (Fig. 12). For in-
stance, within the Cuzco Amazonico site all four plots are Edited by: J. Lioyd
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