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Abstract. The carbon isotope of a |ea(f]€C|eaf) is gener- ltis likely that lateral drainage of Cfenriched int3C from

ally more negative in riparian zones than in areas with lowupslope areas might have happened when the nights were less

soil moisture content or rainfall input. In Central Amazo- stable. Biotic factors such as soil G@fflux (Rsej)) and the

nia, the small-scale topography is composed of plateaus ancesponses of plants to environmental variables such as vapor

valleys, with plateaus generally having a lower soil moisturepressure deficit/p) may also play a role. The preferential

status than the valley edges in the dry season. Yet in the drpooling of CQ in the low-lying areas of this landscape may

season, the nocturnal accumulation of 8® higher in the  confound the interpretation 6£3Cjeat ands13Creco

valleys than on the plateaus. Samples of sunlit leaves and

atmospheric air were collected along a topographical gradi-

ent in the dry season to test whether 81€Cieat Of sunlit 1 |ntroduction

leaves and the carbon isotope ratio of ecosystem respired

CO; (8%3Cgeco) may be more negative in the valley than The use of isotopic tracers in organic matter, water, and at-

those on the plateau. mospheric gases has emerged as a powerful tool that inte-
The §13Cieat Was significantly more negative in the valley grates biotic and physical processes over space and time, im-

than on the plateau. Factors considered to be driving the obproving our understanding of plant physiology, biogeochem-

served variability ins13Cieos were: leaf nitrogen concentra- istry, and ecosystem function (Pataki et al., 2003b; Pataki

tion, leaf mass per unit area (LMA), soil moisture availabil- et al., 2007). The mean carbon isotope ratio of atmospheric

ity, more negative carbon isotope ratio of atmospherig CO CO; (813C,) is currently —8%o (Keeling et al., 2005a; Keel-

(813C,) in the valleys during daytime hours, and leaf dis- ing etal., 2005b). Plants utilizing thes@hotosynthetic path-

crimination (Aleaf). The observed pattern 6f3Cieq might  way (the majority of terrestrial plants) typically have values

suggest that water-use efficiency (WUE) is higher on theof §13C that range from —21 to —35%o. (Pataki et al., 2007). An

plateaus than in the valleys. However, there was no fullexpression for discrimination in leavea tar) of Cgz plants

supporting evidence for this because it remains unclear hovean be stated as follows

much of the difference i813Cieat Was driven by physiology

or§13C,. Thes13CrecoWas more negative in the valleys than Aleat = a + (b — a)c— (1)

on the plateaus on some nights, whereas in others it was not. “

where a is the fractionation associated with diffusion
(4.4%0), b is the net kinetic/enzymatic fractionation associ-
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(Farquhar et al., 1982, 1989a, b). Thegs therefore is a  that on the plateaus due to both higher soil water availability
function of ¢;/c, ratio, which is sensitive to a variety of fac- and longer time of exposure to high with low §13C,. The
tors that influence the balance of stomatal conductance angecond is that the carbon isotope ratio of ecosystem respired
assimilation rate, for example light and water availability CO, (813Cg..,) may be less negative on the plateaus than in
(Pataki et al., 2003b). the valleys.

The carbon isotope ratio of a leaf'fCiesf) is @ measure This study aims to investigate hd4°Ciear ands3C, vary
that integrates the photosynthetic activity over the period ofin time and space along a topographical gradient at a site in
weeks to months during which the leaf tissue was synthe-Central Amazonia and analyses the biotic and physical fac-
sized (Ometto et al.,, 2002; Dawson et al., 2002; Omettotors controlling the stable carbon isotope discrimination.
et al., 2006). In tropical forestsi!3Cieqs is strongly cor-
related with the height of the leaf within the canopy. Low ) o
513C;eaf (More negative) is observed in the understory vegeta?  Sit€ description
tion, and hight13Cjeaf (Il€ss negative) is observed in the upper
canopy (Medina and Minchin, 1980; Medina, 1986; Med-
ina et al., 1991; Vandermerwe and Medina, 1989; Sternberg
1989; Zimmerman and Ehleringer, 1990; Broadmeadow,
1992; Buchmann et al., 1997; Guehl, 1998; Martinelli, 1998;
Bonal, 2000; Ometto et al., 2002; Ometto et al., 2006). This
trend in813Cie4f through the canopy is related to the reassim-
ilation of respired C@ and differences in conditions such as
light and vapor pressure deficit through the canopy, resultin
in changes in;/c, ratios (Sternberg et al., 1989; Lloyd et al.,
1996; Sternberg et al., 1997; Buchmann et al., 1997, Omettc?
et al., 2002; Ometto et al., 2006).

Measurements were made at the Manaus LBA site
(2°3632’'S, 601233'W, 45-110m a.s.l. — above sea level),
focated in the Asu catchment in the Reserva &gita do
‘Cuieiras. The forest belongs to the Instituto Nacional de
Pesquisas da Amania (INPA). The exchange of CQsen-
sible and latent heat, momentum transfer, and meteorolog-
ical variables have been measured almost continuously on
two micrometeorological towers, installed in July 1999 and
qn May 2006, respectively. The first tower, known as K34
Araujo et al., 2002), is on a medium sized plateau, whereas
he second one, known as B34 (de Araujo et al. in prepara-

. l . _
The temporal and spatial variability 6¥3Cjeqt in forested tion), is at the bottom of a U shapoed valley.
. ; The mean air temperature was°@5between July 1999
landscapes and along environmental gradients has shown

that §23Ceq is More negative in riparian zones or in areas fand June 2000 (Araujo et al., 2002). Average annual rainfall

with high soil moisture content or rainfall input than in ar- 'Suz?Zl:]t(jzggotr:nr?t’)grmﬁe(::stmi?g::fﬁ;nd;gg%ﬁlgﬁfé”
eas with low soil moisture content or rainfall input (Medina 9 b

and Minchin, 1980; Ehleringer et al., 1986; Ehleringer et al.,per month (Araup etal., 2002). . .
1987: Korner et al., 1988: Komer et al., 1991 Garten and There is very little large-scale variation in topography in

Taylor, 1992; Marshall and Zhang, 1993; Stewart et al., 1995;the region, but at a smaller scale, the dense drainage network
has formed a pattern of plateaus and valleys. The mean el-

Sparks and Ehleringer, 1997; Hanba et al., 2000; Bowlin L . .
P g o . X gevat|on is about 100 ma.s.l. with about 40-60 m difference
et al., 2002). Yet, plants growing in dry environments have .
. - between plateaus and valleys bottoms. The soils along a typ-
shown lowerAeas and higher water-use efficiency (WUE) . . . . .
. . . ical toposequence consist of well-drained Oxisols and Ulti-
than those grown at low altitudes or in wet environments. : :
sols on plateaus and slopes, respectively, and poorly drained

In Central Amazonia, the small-scale topogrc’?\phy 'S Cor.n_Spodosols in the valleys (Chauvel et al., 1987). From the
posed of plateaus and valleys. These give rise to a high

variability of soil moisture content®{ in the unsaturated plateau down to the valley, the soll (top 5c¢m) clay fraction

0, 0, I in-
zone, with plateaus generally having a lowehan the valley decreases (from about 75% to 5%) and the sand fraction in

. . reases (from about 10% to 85%) (Ferraz et al., 1998; Cham-
edges in the dry season (J. S. de Souza, data not pUb“She(?'ers etal., 2004: Souza, 2004 Luizao et al., 2004).

De Araljo et al. (in pr m nocturnal m rement T ,
e Araijo et al. (in press) made nocturnal measurements o The vegetation is old-growth closed-canogyra firme

¢, along a topographical gradient at a site in Central Amazo- non-flooded) forest. Variation in soil type, topography and

nia. They showed that in the dry season, depending on the . - .
. o rainage status has created distinct patterns in forest vege-
atmospheric stability, larger amounts of €®ere stored on . o . .
tation composition. On the plateaus, well drained clay soils

the slopes and in the valleys than on the plateaus of this un: : . ! . )
dulating landscape. Lateral drainage of respirec @@wns- favor high biomass forests 35—40 m in height with emergent

ope and igh sl el () i the valleys werecon- (255 0°% 251 0 YR e fme st ong e
sidered as possible causes for the observed variability.in Pes, Y y P 9

In addition, these authors observed that the,G@red in valley bottom, forest biomass is lower and height is around

the air in the valley took longer to be released than that 0n20—35 m with few emerging trees. In the valleys, the sandy

the plateau, and that, in the valley did not decrease to the soils are poorly drained and usually they remain waterlogged
same level as on the plateau at any time during the day. This 1 ge Araijo, A. C., Dolman, A. J.,Waterloo, M. J., Kruijt, B., et
leads to two hypotheses for dry season conditions. The firsal.: Comparative measurements of £fluxes from a plateau and

is that the313Cie4f in the valleys may be more negative than valley in Amazonian forest, in preparation, 2007.

Biogeosciences, 5, 77995 2008 www.biogeosciences.net/5/779/2008/



A. C. de Ardijo et al.: CQ pooling and$13C of ecosystem respiration and leaves 781

during the rainy season, supporting low biomass and low treal., in press) and was extended to reach up to 30 ma.g.l. in
height (20—35 m), with very few emerging trees. A distinct August 2004. In October 2006, the valley profile system was
forest type, classified aSampinarana(as it resembles the relocated 500 m to the west and attached to the newly erected
Campinaforest that develops on white sand areas), also ocB34 tower.
curs between the lower slope and valley bottom areas. This Nighttime sampling began about one hour after sunset
vegetation has lower biomass, tree diversity and tree heighfabout 19:30 local time) and ended about one hour before
(15-25m) (Guillaumet, 1987; Ludw et al., 2004). The sunrise (about 05:30 local time) to avoid any effects of pho-
forest canopy is stratified in four layers. The first layer is tosynthesis on the estimatesséfCreco In order to increase
that formed by emergent trees, reaching heights of 35-45 natatistical confidence id13Cgreco values, we aimed to col-
above ground level (a.g.l.). Below this layer, there are treedected samples with a minimum, difference of about 75
with their canopies between 20 and 35m. The third layerppm between samples, which was set a priori as the mini-
is formed by understory regeneration, whereas shrubs anshum difference that shall be observed among the flasks sam-
seedlings form a fourth layer close to the ground. Morepled at each nighttime sampling (Pataki et al., 2003a; Lai et
elaborate descriptions of the site can be found in Araujo efal., 2004; Lai et al., 2005). Daytime values&3fC, andc,
al. (2002), Chambers et al. (2004), Luizao et al. (2004) andwithin and above the canopy were obtained between 07:00
Waterloo et al. (2006). and 18:00 h. Due to both strong rainfall on 10 October and
technical problems, the last sampling of atmospheric air dur-
ing daytime hours occurred on 16 October at both plateau

3 Material and methods and valley.
_ _ _ - The flasks were shipped to the Centro de Energia Nuclear
3.1 Air sampling collection and data conditioning na Agricultura (CENA) in S0 Paulo, Brazil, for stable iso-

tope ratio and, analyses. Details about the analytical pro-

All sampling was carried out in representative plots alongcedures at CENA are given by Ometto et al. (2002).
a transect that was divided into 3 topographical sections:

plateau, slope and valley (see Fig. 1 in de Araujo et al., in3.2  Sampling of foliage and litter
press). In each plot, air samples were collected at different
levels above and within the canopy #4°C, andc, analy-  |n August 2004, leaf samples were collected once from trees
sis. Each profile sampling system consisted of high-densityat each topographical section by a tree climber, sampling
polyethylene (HDPE) tubes (Dekoron 1300, 6.25mm OD, a vertical profile through the forest canopy. The sampling
non-buffering ethylene copolymer coating, USA) with in- heights were not uniform among the topographical sections,
takes at different heights. Nylon funnels with stainless steelas follows: plateau (3, 10, 17, 21, 24, 26, and 30ma.g.l.),
filters were installed on the air intakes to avoid sample con-sjope (3, 8, 10, 12, 20, 26, 28, 30ma.g.l.), and valley (3, 7,
tamination by particles. A battery-operated air pump (Capex20, 25 ma.g.l.). There was no botanical classification for the
V2X, UK) was used to draw air through the tubing, a des- trees sampled in August 2004. In October 2006, sun leaves
iccant tube containing magnesium perchlorate and a glasat the top of the canopy were collected once by a tree climber
sample flask. The flow rate was 10Lmih The longest at plateau and valley sections. Trees with botanical classifi-
air sampling tube had an internal volume of about 0.65 L thatcation to species level were now systematically selected ac-
corresponds to a maximum residence time of 4 s. All air samcording to either their importance value index (IVI) or occur-
ples were collected in pre-evacuated 100 mL glass flasks thaence at both plateau and valley areas (Oliveira and Amaral,
were closed with two high-vacuum Teflon stopcocks (34-2004; Oliveira and Amaral, 2005; I. L. do Amaral, personal
5671, Kontes Glass Co., USA) after air had been pumpedommunication). Each sample from a single tree consisted
through the flask for about 3 minutes. Thewas measured  of at least five healthy leaves that were combined according
at the same time with an infrared gas analyzer (IRGA) (LI- to their status (either mature or young). In August 2004, lit-
800, LI-COR, Inc., USA). For this a “T” piece was connected ter samples were randomly collected at each topographical
at the air pump output, which allowed a low subsampling section. These were bulked by topographic section to form
flow of about 800 mL min* to be passed through the IRGA. single samples. The samples were pre-dried at ambient air
Plateau air samples were collected at K34 tower (118 memperature for 3 days in a home-made greenhouse located
a.s.l.) with a tube system attached to it. The slope profilein an open-sky area and shipped to CENA for stable isotope
system was suspended from the highest branch of a tall tregatio and elementary analyses.
located about midway down the slope (89.2 ma.s.l.) at 550 m
from the K34 tower, whereas the valley profile system, which3.3  Soil-respired C@sampling
was suspended in the same way as that on the slope, was
installed in the valley (77.3ma.s.l.) at about 850 m from theln August 2004, CQ released from the soil was sampled
K34 tower (de Araujo et al., in press). This latter system at each topographical section using the protocol described
had its highest intake at 11 ma.g.l. in 2002 (de Araujo etby Flanagan et al. (1999) and Ometto et al. (2002). The
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Fig. 1. Diurnal variation of some meteorological and turbulent variables measured at the top of K34 tower (53 ma.g.l. on the plateau): from
2-5 August 2004a—c) and from 7-10 October 200@—f). Points correspond to half-an-hour averages. The shaded boxes indicate the
nighttime periods. Points above the horizontal dotted la@ndf) denote CQ release, and below the line GQptake.

sampling was repeated at plateau and valley sites in Octo3.4 Laboratory analyses

ber 2006 and now included t@ampinaranasite. Samples

were collected using a stainless steel chamber with an interrhe §13c, in sample flasks were measured using a
nal volume of about 40 L and a small electric fan to enhancecontmuous flow isotope-ratio mass spectrometer (IRMS)
mixing within the chamber. Samples were collected at tWo(Delta Plus, Finnigan MAT, Germany) as described by
sites in each topographical section. At each site, five samMgnleringer and Cook (1998) and Ometto et al. (2002).
ple flasks were filled using five minutes time intervals be- peasurement precision of this method was 0.13%.fe
tween sampling for determlnlng the carbon isotope ratio of(Ometto et al., 2002). The air remaining in the flask after
soil respired CQ (8'*Crsoil) (explained further). All sam-  stable isotope ratio analysis was used to measinesing
ples were shipped to CENA for stable isotope ratio apd 3 system similar to that described by Bowling et al. (2001a).
analyses. Measurement precision and accuracy of this method were 0.2

Biogeosciences, 5, 77995 2008 www.biogeosciences.net/5/779/2008/
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and 0.3 ppm, respectively (Ometto et al., 2002). 1995). Unless otherwise indicated, a significance level of

Leaf and litter samples were dried at°65to constant 99% was used in all hypotheses testing (Table 1).
weight, then ground with mortar and pestle to a fine powder.
A 1-2 mg subsample of ground organic material was sealed-6.2 Keeling plots fos*3Cr,., ands*3Crsoi
in a tin capsule and placed into an elemental analyzer (Carlo
Erba Instruments, Model EA 1110 CHNS-O, Milan, ltaly) A two-source mixing model proposed by Keeling (1958) was
for combustion and subsequent elemental C and N analyused to obtain!3Cg,., ands'*Crsoi (Flanagan et al., 1999;
sis. The CQ generated by combustion was purified in a Ometto et al., 2002; Pataki et al., 20033.) The Model I
gas chromatograph column and passed directly to the inlefegression or geometric mean regression (GMR) has been

of the IRMS (Delta Plus, Finnigan MAT, USA) operating in recommended to determine the Y-intercept (Pataki et al.,
continuous-flow mode. 2003a). However, Zobitz et al. (2006) argued that the use

. . 13 . . B
These provided stable isotope ratios of carbon, oxygen an@f Model Il regression to obtaid™“Creco i inappropriate
nitrogen #3C/12C; 180/160; 15N/14N) with a measurement because it is a biased estimator 3fCreco and the rela-

precision of 0.2%. (Ometto et al., 2006). The carbon iso-tive error in thes3C, measurements is significantly greater
tope ratio was expressed in the delta notati&n\yhich re- than the relative error in, measurements. They suggested
lates the measuretfC/22C molar ratio of the sample and therefore the use of Model | regression or ordinary least
the international Pee Dee Belemnite (PDB) limestone stanSduares (OLS) to determine the Y-intercepi @nd slope

dard (Ehleringer and Rundel, 1989). THEC values are  (by.x). We have decided to follow their recommendation,
presented in parts per thousand (%o). though we also present th(lasslop@,ﬁ) and Y—mtercept((_v)
of Model Il regression foB-°Creco (Table 2). Uncertainty

for the Y-intercept is reported as standard error estimate from
a Model | regression or standard linear regression intercept
(SE,) (Sokal and Rohlf, 1995; Pataki et al., 2003a; Zobitz

. . o et al., 2006). Because we followed the suggested guidelines
The possibility of a correlation with fine time lag between en- made by Pataki et al. (2003a) to reduce errors when using

; i 3

wr_onmental ,Va“at_"es e:jn&l;-] CReglcorna);)confound ogr anal- the two-source mixing approach for estimatifi§Creco the
ysiS, So we |nyest|ga1t§ the relation between ambient Vapofhajority of the standard errors of the Y-intercept reported
pressure deficit and-Creco (Ekblad and Hogberg, 2001; here are smaller than 1%. (Table 2).

Bowling et al., 2002; McDowell et al., 2004; Knohl et al.,
2005; Werner et al., 2006). We selected the water VapoR g 3 Correlation betweeH3Crecoand D
saturation deficit in the airl}) as a suitable variable be-
cause it may influenc&'3Crecoat a short time scale, possi-

3.5 Correlation betweesi®Crecoand water vapor satura-
tion deficit

: BOERN First-order linear regression was used except in cases where
.bly through changes in photosynthetm discrimination (Bowl- scatter plots suggested nonlinear or second-order equations
ing e,';, a(lj., 2&)02): Daytime meﬁn values l;/vere ,“S?f‘,’ unleds%ere appropriate. The Pearson product-moment correlation
specified otherwise. Because there may be a significant desqefficient, usually known by correlation coefficieny, (was

lay between the time that a given carbon atom is assimilateqise 45 the index of association of two variables (Glover and
by photosynthesis and the time that it is respired by variousyjitchell 2002).

ecosystem components (Ekblad and Hogberg, 2001), corre-
lations betweerD ands13Crecowere examined over a range
of time lags (e.g., relationships betweénon day X and
813Creco0n dayX+n). We calculated averages of daytime
D (from 10:00 to 17:00) from 1-5 days, and then shifted . .
these averages back in time by 0-15 days. A 1-day averagg'1 Meteorological and turbulent variables
and a 0-day time lag correspond to the average dayfira

the day prior to the night of sampling. For a more detailed
description of lag analysis see Bowling et al. (2002), Ekblad
and Hogberg (2001) and McDowell et al. (2004).

4 Results

4.1.1 Dry season campaign on 2-5 August 2004

Figure 1 shows the diurnal variation of selected meteorolog-
ical and turbulent variables measured at the top of K34 tower
(53ma.g.l.) during the sampling period. Rainfall (12 mm)

3.6 Statistical analyses occurred in the late afternoon of 4 August (data not shown),
. with a corresponding increase in the friction velocity X
3.6.1 Organic samples Ciear ands*>Ciier) from about 0.2ms! to 0.8ms? and D decreased from

about 2kPa to 0.5kPa (Fig. 1a, b). Nighttime values of
Statistical comparisons were made using Model | ANOVA, were higher at 0.2 78 from 3—4 August than during the
and comparisons between means were evaluated with Borether nighttime periods (Fig. 1a), implying enhanced vertical
ferroni ¢ tests (Glover and Mitchell, 2002; Sokal and Rohlf, mixing on 3—4 August. The nighttime periods from 3—4 and

www.biogeosciences.net/5/779/2008/ Biogeosciences, 5,78E92008
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Table 1. Stable carbon isotope and C:N ratios of leaves and litter along a topographical gradient in central Amazonia. Leaves were sampled
in the canopy layer in August 2004 and at the top of the canopy in October 2006.1:'1(]3@&“:, 813C|itter, C:Njeaf and C:Niter are presented

as averaged{standard error). Averages in the same column followed by different letters are significantly diffeserit.@L (Bonferroni

t-tests).

Date Place 813Cieat (%) C:Nigaf 81%Ciitter (%)  C:Niiger 11 12

August 2004  Plateau -28860.84 28.0¢+55 -30.78 2784 5 1
Slope -3154°4+1.00 35.184+5.1 —30.22 2667 4 1
Valley -32.34+0.79 3534455 -30.12 3084 5 1

October 2006 Plateau —299H10.32 30.9242.3 13
Campinarana -30.3%#0.36  35.24+2.8 11
Valley -30.584+0.25 37.88+2.7 11

The number of samples collected at each topographical section is presenjeahak:», and refer to leaf and litter samples, respectively.

Table 2. Statistics of Keeling plots used to obtain M@CRecoalong a topographical gradient in central Amazonia. The values of a,and
are expressed in %o (per mik), in ppm, andby, x andvy x in %o ppm.

Place Period by.x a Vy.x ay r r2 SE, c¢smin ¢gsmax cyrange n

Plateau 2-3 Aug 2004 8066.06 -29.76 8221.10 -30.14 0.98 0.96 091 379.5 4837 104.2 20
3-4 Aug 2004 8487.91 -30.79 8562.05 -30.97 0.99 0.98 0.71 388.1 476.3 88.2 16
4-5Aug 2004 8069.02 -29.62 8107.45 -29.71 099 0.99 043 3743 5519 177.6 20
7-8 Oct 2006 7377.16 -28.02 7403.43 -28.09 0.99 0.99 0.37 3742 5132 139 17
8-9 Oct 2006 7698.18 -28.70 7780.70 -28.89 0.99 0.98 0.68 408.7 456.5 47.8 17
9-10 Oct 2006 5609.03 -23.64 5797.74 -24.04 096 094 0.81 419.4 5534 134 17

Slope 2-3 Aug 2004 944198 -32.46 9605.08 -32.81 0.98 0.97 0.89 3942 5453 1511 18
3-4 Aug 2004 8278.19 -29.39 8447.39 -29.74 098 096 0.82 4285 5457 117.2 20
4-5 Aug 2004 7496.50 -28.30 7517.47 -2835 099 0.99 0.28 4108 578.7 167.9 18

Valley = 2-3 Aug 2004 9658.42 -32.44 9779.97 -32.69 0.99 098 0.73 447.7 560.6 1129 20
3-4 Aug 2004 6489.37 -26.08 6679.55 -26.46 0.97 094 0.77 4557 558.6 102.9 19
4-5Aug 2004 8299.85 -29.69 8340.31 -29.78 099 0.99 040 4222 559.6 1374 20
7-8 Oct 2006 7523.61 -28.13 761530 -28.30 099 098 059 476.2 595.0 118.8 16
8-9 Oct 2006 6671.87 -26.64 7052.79 -27.48 0.93 0.8929 4051 4884 833 17
9-10 Oct 2006 5809.47 -25.10 5989.76 -25.48 094 094 0.79 418.7 5238 105.1 14

The slope of Model | regressiony( ), the Y-intercept of Model | regression, the slope of Model Il regression( ), the Y-intercept of

Model Il regressiond,), the correlation coefficient}, the coefficient of determinatiom?), the standard error of the Y-intercept of Model
I regression (SE), and thec, minimum, maximum and range are presented. The I8&her than 1% is in bold.

4-5 August were ranked as the least and most stable, respedata not shown). Nighttime values of were higher for

tively. This was observed in the nighttime values of above-9-10 October than at the other nighttime periods, implying
canopy turbulent exchanges of €QF,) that were higher enhanced vertical mixing on 9-10 October (Fig. 1d). The
from 3—4 August (about 2#0.6umolm~2s-1) than from  nighttime periods from 9—-10 and 7-8 October were ranked

4-5 August (about 0:20.4umolm—2s~1) (Fig. 1c). as the least and most stable, respectively. This was observed
_ in the nighttime values of. that were higher from 9-10 Oc-
4.1.2 Dry season campaign on 7—10 October 2006 tober than from 7-8 October (Fig. 1d, f). On 8 and 9 Oc-

tober, between 06:00 and 08:00 local time (LT), the values

Due to a lightning strike on the B34 valley tower neither me- ¢ F. were very high showing considerable amounts 06CO
teorological nor turbulent data were measured at this site durfrom ecosystem respiratioRéco) released in a short time in-

ing the sampling period (between 27 September and 12 OCgeyq) (Fig. 1f). Daytime values of, were less negative on

tober). Figure 1d—f therefore shows the diurnal variability of 1o october than on 8 October due to a high morning rainfall
meteorological and turbulent variables measured at the top of, 10 October (Fig. 1f).

K34 tower on the plateau. Rainfall occurred in the morning
of 8 October (0.2 mm) and 10 October (27 mm), respectively
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4.2 Spatial variability 0813Cieat, §13Cjiter and canopy and  measured at 30 ma.g.l. increased sharply at both slope and
litter C:N ratio valley, this was not observed on 3 and 5 August (Fig. 2b, c),
thus suggesting that the erosion of the nighttime buildup in
In August 2004, the vertical profile @13Cieqf through the  the valley had already started.
canopy showed a similar pattern for every topographical sec-  opposing the isotopic signatures along the topographical
tion, decreasing with depth into the canopy (data not shown)sections, the nighttime values f were higher at both slope
However, 813Ciear of canopy layer was significantly more ang valley than on the plateau (Fig. 2d—f). In addition, the
negative in the valley than on the plateau, with values of., difference between the canopy layer and shrub layer was
—32.34%0 and —28.86%o, respectively (Table 1). On other|arger on the plateau than on the slope and in the valley. Be-
hand,813C|it[er showed no Signiﬁcant difference among the fore dawn, on 4 August’ thel measured at 30 m ag' de-
topographical sections (Table 1). Although the litter samplescreased sharply at both slope and valley, this was different on
had been collected randomly, they comprise a mix of litter-3 and 5 August (Fig. 2e, f). As mentioned above, this sug-
fall from different canopy heights and decomposition stagesgests that the erosion of the nighttime buildup in the valley
on the soil surface. It is very likely that the reduced num- paqd already started.
ber of litter samples per topographical section may have not Figure 3 shows the relationship between and s13c,
been representative of the site variability. The C:N ratios offqy; each topographical section during the three consecutive
leaves from the canopy layer and litter showed no significantnighttime periods. Although the second-order regressions
difference between the means (Table 1). for the plateau were quite similar, their curvatures showed
In October 2006§'*Cear at the top of the canopy was sig-  that for the same values of the values 0813C, from 45
nificantly more negative in the valley than on the pIateau,August were slightly less negative than from 2-3 August and
about —30.55%. and —29.71%, respectively (Table 1). Yet,3_4 august, respectively (Fig. 3a). At both slope and val-
the C:N ratios of leaves from the top of the canopy were|gy the regressions were quite variable and hard to interpret
higher in the valley an€Campinaranathan on the plateau, (Fig. 3b, ). The nighttime variability of, and§13C, was
though there was no significant difference between the meangisq observed in the values #1Creco (Table 2). From 2—
at the 99% level (Table 1). No significant difference was ob-3 August,§13CrecoWas less negative on the plateau than at
served between the'*Ciear of 0ld and new leaves sampled poth siope and valley (Fig. 4a). On the following day, 3—4
in October 2006 (data not shown). August, §13Creco became progressively less negative mov-
ing from the valley to the slope and onto the plateau. Finally,
from 4-5 Augusts3Creco Was less negative on the slope
than on both plateau and valley (Fig. 4a). On the plateau,
4.3.1 Campaigns on 8-9 October and 17-18 Novembe he values 0513CRec0§gree_d very well with the predictions
2002 ased on the regressions in Fig. 3a. Bh&Crsoil Was also
variable among the topographical sections. It was less nega-

These trial campaigns, on 8-9 October and 17-18 Novembdive on the plateau than in the valley, but the minimum was
2002, provided the first insights into the variationsdfc,  found on the slope (Fig. 4b).

andc, with time and topography. They suggested that the ]

atmospheric air below the canopy was m&€ depleted in ~ 4-3-3 Dry season campaign on 7-10 October 2006

the valley than on the plateau (data not shown). ¥&C,
was uniform with height a.g.l. in the valley, whereas at bot

4.3 Temporal and spatial variability 8#3C,, c,, §1Creco

h Nighttime values 0813C, were more negative in the valley
slope and plateau it was quite variable. In additignwas than on the plateau. High'°C, was observed early in the

; 13 3

higher in the valley and slope than on the plateau, and it wa?'ght’ yvhereas lovsC, occurred before dawn. THeC,

uniform with height a.g.l. in the valley (data not shown).  Was highest on 7 October on the plateau and on 8 October
in the valley, and it was lowest on October 8 at both plateau

4.3.2 Dry season campaign on 2-5 August 2004 and valley (Fig. 5a, b). Before dawn on 8 October,ahiC,
measured at42 ma.g.l. on the plateau and at 30 ma.g.l. inthe
As in the trial campaigns, nighttime values 8#C, were  valley were about 4%. and 1%o more enriched4e, respec-
significantly different among the topographical sections. Thetively, than the levels below them (Fig. 5a, b). This suggests
813C, was more negative in the valley and slope plots thanthat the erosion of the nighttime buildup on the plateau and in
on the plateau (Fig. 2a—c). Th&C, difference between the the valley had already started. From 8-9 October, the values
canopy layer (35-20 ma.g.l.) and shrub layer (from 5 ma.g.l.of §*3C, from the canopy layer downwards on the plateau
downwards) was larger on the plateau than on the slope andnd from middle layer downwards in the valley were almost
in the valley. Post-sunset or pre-dawn values ofstHi€, in uniform with height a.g.l. (Fig. 5a, b).
the canopy layer were always more negative at both slope and Nighttime values ot, were higher in the valley than on
valley plots than on the plateau by at least 1.5%o or 2.5%. re-the plateau. Low, was observed early at night and high
spectively (Fig. 2a—c). Before dawn, on 4 August, 4h&C, ¢, before dawn (Fig. 5¢, d). Before dawn on 8 October, the
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Fig. 2. Evolution ofs13C, andc, along a topographical gradient in Central Amazonia from sunset until dawn on 2—-5 August 2004: on the
plateau(a, d), slope(b, e)and valley(c, f); and measurements 8t3C, andc, at42m a.g.l. on the plateau late in the afternoon on 5 August
2004 (a, d). Points correspond to the single measurement made at each sampling level. The dashdd-iard the dash-dotted line

in (d—f) represent the carbon isotope ratio of tropospheric background(&C;,) and the tropospheric background [€)®c,) measured

in the marine boundary layer at Ascension Island, UK (7924.42W; 54 ma.s.l.), respectively, on August 2004 (about —8.094%. and
376.71 ppm) (White and Vaughn, 2007; Conway et al., 2007). The shaded boxes indicate the nighttime periods.

c. measured at 42m a.g.l. on the plateau and at 30ma.g.l. The relation between, ands§3C, for each topograph-

in the valley were about 120 ppm and 30 ppm lower, respecical section during the three consecutive nighttime periods
tively, than at lower levels (Fig. 5c, d). Again, as mentioned was also investigated. The second-order regressions for the
before, this suggests that the erosion of the nighttime buildugplateau had the same shape as those shown in Fig. 3a. In ad-
on the plateau and in the valley had already started. On 8—dition, the curvatures of the regressions showed that for the
October, the values af, from the canopy layer downwards same values of, the values o%13C, from 9-10 October

on the plateau and from middle layer downwards in the val-were less negative than those of 7—-8 October and 8-9 Oc-
ley were almost uniform with height a.g.l. (Fig. 5c, d). tober, respectively (data not shown). The regressions for the
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Fig. 4. §13Crecoands13Crsoil measured along a tographical gra-
dient in Central Amazonia in August 2004, b) and October 2006

(c, d). Points inaandc correspond to the Y-intercept of the Keeling
plot (£standard error) for every nighttime period at each topograph-
ical position. Each pointib and d corresponds to the Y-intercept
of the Keeling plot f=standard error) at each topographical position
on 6 August 2004 and 9 October 2006, respectively.

addition, the values af3Crecowere higher than those mea-
sured on August 2004. Th&'3Crsoil Was greater on the
plateau than at th€ampinaranaand in the valley, respec-
tively (Fig. 4d).

Daytime values 0613C, were typically less negative on
the plateau than in the valley by about 1%. (Table 3).

4.4 Correlation betweest3Crecoand D

There were strong correlations betweBACreco and D at

all topographical sections. In August 2004, the highest cor-
relations were observed with 1 and 3-day average and 2 and
4-day lag times for plateau, slope and valley (Table 4). Fig-
ure 6a shows that on the plateau, according to Table 4, the
813CReco0n 2-3, 3—4 and 4-5 August had a maximum corre-
lation with the averagef) of 31 July, 1 and 2 August, respec-
tively. In October 2006, the highest correlations were ob-

to the single measurement made at each sampling level. The soligerved with 1 and 2-day average and 7 and 6-day lag times for

dotted and dashed lines denote the second-order regressions for t
periods of 2—3 August, 3—4 August and 4-5 August, respectively.

valley also had a similar shape as those shown in Fig. 3¢ (dat
not shown).

Nighttime variability ofc, and§13C, was also observed
in the values 0813Creco (Table 2). The values af'3Creco

péateau and valley, respectively (Table 4). Figure 6b shows
that in the valley, according to Table 4, th¥Creco0n 7-8,
8-9 and 9-10 October had a maximum correlation with the
averagedD for the period from 30 September to 1 October,
from 1 to 2 October, and from 2 to 3 October, respectively.
Figure 6¢ shows the relationship betweRCreco and D

for each topographical section, according to the results of
Table 4. In August 2004, th&3Crecowas more responsive

were more negative in the valley than on the plateau on 7—8o changes on the slope and in the valley than on the plateau

October and 9-10 October and more positive on 8-9 Octo
ber (Fig. 4c). On the plateau, the valuesséiCreco agreed

{Fig. 6¢). However, on the slope and in the vall&}$Creco
ranged from about —26 to —33%. with almost no variation

very well with the predictions based on the regressions. Inin D. In October 2006, on both plateau and valBy?Creco

www.biogeosciences.net/5/779/2008/
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Fig. 5. Diurnal curves o613C, andc, along a topographical gradient in Central Amazonia on 7—10 October 2006: on the §&tepand

in the valley(b, d). Points correspond to the single measurements made at each sampling level. The dasaghl)laral(the dash-dotted

line (c, d) represent the carbon isotope ratio of tropospheric backgrourzd&?écb) and the tropospheric background [€]@c;,) measured

in the marine boundary layer at Ascension Island, UK (7924.42 W; 54 ma.s.l.), respectively, on October 2006 (about —8.156%. and
380.77 ppm). The13C, was determined by linear interpolation using the data from October 2004 and 2005, as these were the last data
available (about —8.105 and —8.152%. respectively). dheas determined by adding the annual [£$@rowth rate for the year 2006 (about

1.73 ppm yeaTl) to the [CQ] on October 2005 (about 379.04 ppm) (White and Vaughn, 2007; Conway et al., 2007). The shaded boxes
indicate the nighttime periods.

Table 3. Statistics of daytime values 6f3C, measured along a topographical gradient in central Amazonia. The ave?%ﬁﬁ;j (E=
standard error)j13C, min ands13C, max are expressed in %o (per mil).

Date
08 Oct 06 09 Oct 06 16 Oct 06
Place z(m, a.g.l) 813Cu 813Cumin 813Ca max n 613Ca 513Ca min 813Cu max n 613Ca 613Ca min 813(2,, max n
Plateau 42 -9.01 -9.02 -8.99 2 -8.20 1 -9.72 1
22 -8.76:0.2  -9.12 -7.99 6 -8.410.1 -9.19 -8.34 6 -9.08.2 -9.56 -8.68 6
7 -8.96t0.2  -9.33 -8.07 6 -8.940.2 -9.31 -8.37 5 -9.410.3 -10.87 -8.48 6
Valley  30¢ -9.35 1 -9.72 1 -10.14 1
20 -9.36:0.2 -9.89 -8.91 6 -10.@¢10.2 -10.23 -9.84 6 -10.#0.3 -10.56 -9.74 6
7 -10.09:0.4 -11.12 -8.76 6 -10.#D.2 -10.76 -9.70 6 -10.90.8 -12.02 -9.76 6

* Air samples collected late in the afternoon (between 15:00 and 17:00 Local Time) at these heights.
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was positively correlated with (Fig. 6¢). Thes13Crecowas
here more responsive to changediron the plateau than in

the valley.
a 1-24 ’:g
126 =
: 128 8
o Ja O . .
8 1% B 5 Discussion

35+ q

5.1 Spatial variability 0813Cjeqt

The §13Cieat decreased from plateau towards the valley (Ta-
ble 1). This result is consistent with the work of Medina
and Minchin (1980) in Amazonian rainforests in the southern
part of Venezuela. These authors reported averag®@eas
: of —28.7 and —30.5%. for the upper canopy levels of forests
18 Jul 20 Jul 22 Jul 24 Jul 26 Jul 28 Jul 30 Jul 1 Aug 3 Aug 5 Aug on lateritic outcrops and sandy spodosols soils, respectively.
Time (day) Increased leaf-level photosynthetic capacity of plants has
T been linked to higher leaf nitrogen content and leaf mass per
unit area (LMA), and increased leaf thickness (Sparks and
Ehleringer, 1997; Hanba et al., 2000; Vitousek et al., 1990;
Korner and Woodward, 1987; Friend et al., 1989). Increased
leaf-level photosynthetic capacity would decreasat the
carboxylation site, thus reducingess and consequently in-
creasing3Cieat (Sparks and Ehleringer, 1997). At our study
site, Luizao et al. (2004) observed that leaf nitrogen con-
centration was significantly higher on the plateau than in the
valley. Furthermore, Nardoto (2005) showed that LMA was
higher on the plateau than in the valley. These results support
23‘Sep25 éep27éep29 Sep 1 6(:1 Séct Sbct 7bct cht 11 bct our flndlngs'
Time (day) The §13Cieat may also be affected by,, §1C, and soil
22 moisture. Even though daytime values ©f were about
% 20ppm lower on the plateau than in the valley (Fig. 5c,
24 1 d) it is unlikely that this difference would have contributed
/% much to the observed patternd®*Ciesr. Daytime values of
=T % %/ | 813C, were about 1%. lower in the valley than on the plateau

D (kPa)

D (kPa)

Plateau

Patay | (Table 3, Fig. 5a, b). Lowes'3C, may have a significant

Siope contribution to lowering the values 6#3Cie4t in the valley.

28 -
a0l Valley | Schulze (1986) demonstrated that leaf conductance might be
more sensitive to soil moisture than photosynthesis. In this

[
a2 ) % % 1 manner, it is very likely that decreased soil moisture content
115

6‘3CReco (%o)
oo4 00

on the plateau would cause a decrease in leaf conductance,
20 25 20 which implies in less diffusion of C@to the interior of the

D (kPa) stomatal chamber therefore lowering theAs ¢; decreases

Fig. 6. Diumnal curves of half-an-hour averages of water vapor saturation deficit in in the Carboxylatlon site, thﬁs{ca ra.tlo of a leaf decreases as

the air (0) measured at the top of K34 tower (53ma.g.l. on the plateau): from 18 July Well Ajgasand consequentlyl Cieafincreases on the plateau.

to 5 August 2004a) anq from 221§eptember to 10 October 2@dH Carbon isotope ThUS, at this site, it seems that it is not OIZﬂ)éafthat explains

ratio of ecosystem respired G@°Creco (standard error) on the plateau from 2-5 . 013 X .

August 2004a) and in the valley from 7-10 October 2008).The n-day average and ~ the pattern ini=Cieat, but rather the combination of factors

nh-dayI time lag dthat ﬁresphntec(i the n;ag;mz)m corredlationdbgtwéffaecgznq D onI such as thé13C, in air surrounding the leaves, soil moisture
the plateau and in the valley (as in Table 4) are indicated by arfapnand horizontal . e . .
bars(b), respectively. The length of the horizontal bar denotes the 2-day averagedavallab”'tya leaf mtrOgen concentration, and LMA.

(as in Table 4), and each horizontal bar has a corresporid®@reco from left to

right. (c) Relationship betwees!3Crecoand D (averaged and time-lagged) along i iahili 3
a topographical gradient in Central Amazonia in August 2004 (shaded symbols) ands'2 Temporal and Spatlal Val’labl|lty 6% C“ andc”

October 2006 (open symbols) according to the results of Table 4. The linear regressions

for slope and valley in August 2004 were omitted for clarity. The error bars denote the |n general 513Ca was more negative in the vaIIey than on

standard error. ' . .
the plateau at night, whereag showed an opposite pattern,
i.e. it was higher in the valley than on the plateau. This is
consistent with the findings of de Al et al. (in press),

34 L
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Table 4. Summary of correlation analyses betwedriCr,., and water vapor saturation deficit in the al?)(at a forest site in central
Amazonia in the dry season. The values of a are expressed in %o (per mily and %o kPa1. Unless otherwise indicated=3 for every
topographical section.

Date Place n-day average n-daytimelag r r2 P a by.x

August 2004  Plateau 1 2 099 099 0.046 -33.98 241
Slope 3 4 099 0.99 0.003 -75.36 27.31
Valley 1 4 0.99 0.98 0.094 -158.65 74.90

October 2006 Plateau 1 7 097 094 0.160 -39.71 7.18
Valley 2 6 0.99. 0.99 0.008 -34.88 4.26

The number of days averagedday average), the number of days laggedldy time lag), the correlation coefficient)( the coefficient of
determination £2), the P-value of the regression, tHe-intercept of Model | regressiom), and the slope of Model | regressioby ) are
presented.

who observed that in the dry season, depending on the atmadid not decrease to the same level as on the plateau at any
spheric stability, there was a preferential poolingpfnthe  time during the day. Weak vertical mixing and high;
lower topographical areas of this landscape. (discussed below) in the valleys were considered driving the

Larger differences in13C, andc, between canopy layer OPServed variability i,.

and shrub layer on the plateau than in the valley may resul
from horizontal stratification of the nocturnal G®uildup.
According to de Ardjo et al. (in press)¢, was stratified

horizontally in layers of increasing conce_ntration (from top The §13Crecois more closely associated with that of sun fo-
to bottom) along the topographical gradient. They arguedjage than with the shade foliage across a variety of ecosys-

that horizontal stratification was caused by inversion Iayersterns (Pataki et al., 2003a). In additioh3Creco Of an en-

that develop aboye and ur?derneat'h the ganopy. Figure fire ecosystem can be either more enriched or more depleted
shows the evolution of vertical profiles 6+3C, along the

_ , , € in 13C than sun foliage. This association also holds at our
topographical gradient during 3—4 and 4-5 August, which iSgjie even considering the high variabilityd*Crecoin both

consistent with the pattern described by de(oeet al. (in space and time (Table 1, Fig. 4). Yet, the avera@@iear of
press). The*3C, measured at about 160ma.s.l. (42ma.g.l e most exposed sun foliage of the dominant tree species of
on the plateau) was consistently higher than that measured bme tropical forests was similar to thECrecovalue, thus
the levels below, most likely as consequence of an inverSio%uggesting that the major portion of recently respirec, CO
layer that separated the canopy air from the free atmospherif, {hese forests was metabolized carbohydrate fixed by the
air (Fig. 7). The vertical stratification &f'3C, was clearer ¢\ jeaves at the top of the forest canopy (Buchmann et al.,
on the plateau than on the slopg or in the valley, part.icularly1997; Ometto et al., 2002). TH3CRrecois a dynamic indi-
before dawn, when the*C, profiles on the slope and inthe 56" of plant physiological response to short-term changes
Va"e}’ were fairly unlform. with 'altltu.de (Fig. 7). The uni- in environmental conditions. Tu and Dawson (2005) showed
formity of §13C, andc, with height in the valley suggests that §3Creoj (root plus microbial) is often enriched 3C
that the air is well mixed (vertical mixing), most Iike_ly as a g|ative t0813CReco Whereas aboveground respiration (leaf
consequence of the nocturnal thermal belts that might havey,q stem) is often depleted across a variety of ecosystems.
occurred (Goulden et al., 2006; de Aja et al., in press). In our site,823Crsoil Was higher thas'3Creco only on the
Vertical mixing might also have happened on the plateau anq)lateau, whereas on the slope and in the valley it was the op-
in the Valley durin%sthe nlghttlme periOd from 8-9 OCtObeI’, pOSite (explained belOW) (Flg 4) The pattern observed on
when the values af*°C, andc, from the canopy layer down- o piateau agrees with Buchmann et al. (1997) and Flana-
wards _and from middle layer f:Iownwgrds were almost un"gan et al. (1999), who also observed higﬁg’CRson than
form with height a.g.l., respectively (Fig. 5). 813Creco in both tropical and boreal forests. In contrast,
The §13C, was more negative in the valley than on the Ometto et al. (2002) observed th##3Crsoii and §13Creco
plateau during daytime periods, wheregswas higher. In  were of similar magnitude in a forest about 700 km east of
addition, the decrease af with time of the day was faster on our site.
the plateau than in the valley (Fig. 5). This is consistent with  During the present study, the associations amdfGecar,
the findings of de Arajo et al. (in press), who observed that §13Crecoands?®Crsoil held reasonably well for the plateau,
in the dry season the GGtored in the valley took longer to  whereas for the valley they did not. For example, there were
be released than that on the plateau, anddhat the valley  periods such as on 3—4 August and on 8-9 October in which

5.3 Temporal and spatial variability 0813Creco and
813CResoil
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Fig. 7. Composite of vertical profiles @f-3C, from three different positions along a topographical gradient in Central Amazonia during the
nighttime periods from 3—-4 Augu&i—c)and 4-5 Augusfd—f) 2004. The reference altitude corresponds to the soil surface level at 850 m in
the valley (about 77.3ma.s.l.). Points correspond to the single measurement made at each sampling level. Time is presented as Local Time

813Crecowas higher in the valley than on the plateau (Fig. 4a,was some vertical mixing as shown by the measurements of
c). This was somewhat unexpected because in the valley, and F. (Fig. 1). It is unlikely thatRsgj from the val-

the §13Ciear and513Crsoil were well depleted id3C relative  ley might have contributed #®"3Crecobeing enriched if3C

to the plateau. Gaho (2005) also observed thé#°Crsoii  rather than being depletedAC. Highers13Crecoin the val-

was lower in the valley than on the plateau in the dry sea-ley than on the plateau therefore points to a combination of
son of 2003. Leaf respiration amtk; correspond to about physical (mixing and transport) and biotic (respiration) pro-
80% of Reco at our site (Chambers et al., 2004). Y&t cesses as in de A et al. (in press). These authors ar-
measurements made during the dry season of 2003 showeglied that respired C{drains downslope and higRse; in

that Rsojl Was lower on the plateau than in the valley (Souza,the valleys was driving the observed variabilitydpn along
2004). Particularly during these two nighttime periods, therethis topographical gradient. Because there were no advection
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measurements during the periods sampled at this study, wand Mortazavi et al. (2005). The shorter time lag fon

cannot corroborate the lateral drainage with empirical data. comparison with that fob suggests that soil conditions have
a faster and likely more direct effect @3Creco FoOr ex-

5.4 Correlation betweest3Crecoand D ample, it may indicate that the proportion &°Creco re-
leased from heterotrophisj responds faster to changes in

According to the highest correlations betwedACrecoand  edaphic conditions (Werner et al., 2006). This effect was

D, the time elapsed for a given carbon atom to be assimishown by Goulden et al. (2004) at a site in Central Amazo-

lated by photosynthesis and to be respired by various ecosysia.

tem components varied between 2 and 7 days at this site

(Table 4). Similar investigations in boreal, temperate and

Mediterranean forest ecosystems have shown time lags rang Conclusions

ing between 0 and 10 days (Bowling et al., 2002; Knohl et o
al., 2005; Werner et al., 2006; Ekblad and Hogberg, 2001:We formulated two hypotheses to be tested in this study. The

Tpe 3 . . .
McDowell et al., 2004; Mortazavi et al., 2005). It is impor- ('St one proposed that *Ciear is more negative in the valley

tant to note that at these forest ecosystems the diversity df'an on the plateau as a consequence of both higher soil water
species per unit area is very low, whereas the forests of Cervailability in the valley and longer time of exposure to high

tral Amazonia have more than 200 specieslf@liveiraand e With low 8%C, in the valley than on the plateau during
Mori, 1999; Oliveira and Amaral, 2004; Oliveira and Ama- daytime hOL_”S'_The second one proposed thai tf@recols
ral, 2005). more negative in the valley than on the plateau.

Prior to nocturnal sampling periods, there were several There is substantial evidence ta&¥Ciea is more negative

rainfall events in August 2004 rather than in October 2006 the valley than on the plat.eau (Sect. 5.1). The Processes
(data not shown), as it can be seen in the valueB dfom and factors that may be playing a role at our site are leaf ni-
August 2004 and' October 2006 (Fig. 6a, b). This might ex_trogen confsentr_ation, LMA, soil_ mOiSt“Te availabilityyeas

plain the time lags being shorter in August 2004 than in Oc-arld Iower_(S Ca i th? valley during dgynme hours. -

tober 2006. We do not have a clear explanation for the time According to the literature, there is a strong positive re-

. . 13 - -
lag of plateau being shorter than for the slope and valley inlﬁt'onsh'p bgtweerﬁ C%??éand W:]JE Thus, ﬁt tr\l/{/suséltg,
August 2004 (Table 4) as it is somewhat counterintuitive, be-t _eho servi palutern @ h 'eaf_m'g t su”ggest It—| at E’
cause trees are taller on the plateau than on the slope and mg eron the p ategus t an in the valleys. However, t ere
was no full supporting evidence for this because it remains

the valley. It is likely that the high variability 0§*3Creco ) 3 .
on the slope and in the valley may have contributed to this.unclear how m1u3Ch of the differencedfCiear was driven by
physiology ors+°C,.

As mentioned before, it is very likely that lateral drainage L
y y 9€ " The 813Ceat, 813C, and §13Crsoil Were more negative in

of air enriched int3C from upslope areas occurs at our site, h lev th he ol hu3c _ q
which leads to unexpected values3PCreco 0N the slope the valley than on the p at_eau. »CReco IS €xpecte
o be also more negative in the valley than on the plateau.

and in the valley. Nevertheless, in October 2006, the tim hi b q ioh h hers i
lags for plateau and valley were 7 and 6-days, respectivel);r IS was observed on some nig ts, w ereas on ot ers itwas
ot. The most likely explanation for this was sought in lat-

(Table 4). This shows that the time elapsed for a carbor | drai ¢ iched inl3C f |
atom to move from foliage to the site of respiration is not '@ drainage o C@enriched in™C from upsiope areas,

constant, but rather, it probably shifts with changes in carbonWhen the nights are less stable. This argument is purely based

allocation, tissue metabolism, dark discrimination, assimila-°" physical factors only, such as stability parameters, lateral
tion rates, environmental conditions, etc. (McDowell et al drainage, nocturnal thermal stratification, thermal belts, etc.
2004; Bowling et al., 2002; Knohl et al., 2005; Werner et al., However, biotic factors, such @i and the responses of
2006) plants to environmental variables such/asnay also play a
role. For exampleRsgj varies spatial and seasonally along

In October 2006, 4™Creco Was more responsive  to this topography and the response of heterotrophig to hy
changes inD on the plateau than in the valley (Fig. 6¢). As S .
ges! P . : valley (Fig. 6c) dration is faster than that of autotrophRzej. The soluble

mentioned before, prior to nocturnal sampling periods, there duced at the t f the t d at the sit
was almost no rainfall in October 2006. Thus, it is likely that sugars produced at the top of the trees are used at the sites

high D in combination with low soil water availability on of respiration (e.g. stem, leaves, and roots) and their sig-

the plateau have driven the observed pattern. Unfortunatel;’)a_ﬁuije sr:louI:Jhreflect ths_ enw;anmenéal_lt_:r?ndn:otr}s th;‘_t DI;E-
there were no measurementspoévailable for the valley to vaiied when they were biosynthesized.: The refationship be-

13 : o
corroborate our hypothesis with empirical data. However,tween‘S Crecoand D sheds light on this issue.

for the plateau, thl%re were. There was a strqng negative Cof&cknowledgementsThis research was done under the Large
relation betweer™“Creco and6, and the maximum corre-  gcaje Biosphere-Atmosphere Experiment in Amazonia (LBA)
lation was observed with 1-day average and 1-day time lagyith the support of INPA, NASA (through LBA-ECO) and Vrije
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