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Abstract The plant functional group approach
has the potential to clarify ecological patterns
and is of particular importance in simplifying
the application of ecological models in high
biodiversity ecosystems. Six functional groups
(pasture grass, pasture sapling, top-canopy tree,
top-canopy liana, mid canopy tree, and under-
story tree) were established a priori based on
ecosystem inhabited, life form, and position
within the forest canopy profile on eastern
Amazonian region. Ecophysiological traits re-
lated to photosynthetic gas exchange were then
used to characterize such groups. The ecophys-
iological traits evaluated showed considerable
variations among groups. The pasture grass
functional group (a C4 photosynthetic pathway
species) showed high instantaneous water use
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efficiency (Amax/gs@Amax), high photosynthetic
nitrogen use efficiency (Amax/Narea), and high
ratio of Ap.x to dark respiration (Apax/Ra)-
Among the species with the C; photosynthetic
pathway, the top-canopy liana group showed the
highest mean of Apax/g8s@Amax, Statistically dis-
tinct from the lowest average presented by the
understory tree group. Furthermore, the pasture
sapling group showed the lowest average of
Anmax/Rg, statistically distinct from the high
average observed for the understory tree group.
Welch-ANOVAs followed by Games-Howell
post hoc tests applied to ecophysiological traits
produced reasonable distinctions among func-
tional groups, although no significant distinction
was detected between the groups top-canopy
tree and pasture sapling. Species distribution
within the functional groups was accurately
reproduced by discriminant analyses based on
species averages of ecophysiological traits. The
present work convincingly shows that the func-
tional groups identified have distinct ecophysi-
ological characteristics, with the potential to
respond differently to environmental factors.
Such information is of great importance in
modeling efforts that evaluate the effects of
dynamic changes in tropical plant communities
over ecosystem primary productivity.

Keywords A-c; - Carbon - Nitrogen -
Stable isotope - Stomatal conductance

@ Springer



Plant Ecol

Introduction

Historically, research in plant ecology has
acknowledged that different plant species inhab-
iting the same environment often displayed sim-
ilarities in life form and ecophysiological traits
supporting the artificial arrangements of species
into functional groups or types (Raunkiaer 1934;
Holdridge 1947; Solbrig 1993; Weiher et al. 1999;
Grime 2001; Cornelissen et al. 2003; Diaz et al.
2004). Aggregating species into functional groups
is a common methodology useful for reducing
complexity of high diversity ecosystems (e.g.,
tropical rain forest plant communities) (Hubbell
2005) and for linking different scales such as
species to region (Dawson and Chapin 1993;
Korner 1993; Smith et al. 1997). Furthermore, the
study of plant functional groups is highly relevant
for ecosystem process models that allow plant
communities to change over time (Peng 2000)
being therefore relevant for global change
research (Hobbs 1997; Loreau et al. 2001). For
example, the increasing concentration of carbon
dioxide gas in the atmosphere might be causing
changes in recruitment rates in tropical rain forest
ecosystems (Phillips et al. 2004). Since such
changes might affect functional groups differently
(e.g., light demanding versus shade-tolerant spe-
cies, C; vs. C4, top-canopy trees versus top-
canopy lianas), atmospheric CO, alone is most
likely a key driver for species composition change
(Cerling et al. 1998; Wiirth et al. 1998; Phillips
et al. 2002, 2004).

Our current ecophysiological understanding of
how plants interact with their environment allows
plant performance in terms of carbon, nutrients
and water exchange to be predicted based on a few
parameters (Ehleringer and Bjorkman 1977;
Farquhar et al. 1980; Marshall and Biscoe 1980;
Farquhar and Sharkey 1982; Field and Mooney
1986; Evans 1989; von Caemmerer 2000). Through
adaptation and acclimation, environmental factors
have a strong influence over parameter ranges
allowing simple relationships to be established
(Reich et al. 1997; Ackerly et al. 2000; Domingues
et al. 2005). Since such parameters exhibit natural
variations and are central in plant-to-plant inter-
actions, they should therefore be used to establish
differences among plant functional groups.
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Although the available literature concerning
plant functional groups is substantial, studies
focussed on tropical forest vegetation and its
own challenges are still scarce, despite the global
importance of this biome. In this work, we
evaluate six a priori plant functional groups
composed of species inhabiting eastern Amazo-
nian tropical rain forest and cattle ranch pasture
ecosystems. The criteria for group composition
were based on where species occurred (e.g.,
pasture vs. forest, top-canopy vs. understory)
and based on life forms (e.g., lianas vs. trees).
We then used traits related to photosynthetic gas
exchange to test the hypothesis of functional
equivalence, where species within the same func-
tional groups would display similar characteristics
regarding carbon acquisition, water use, and
nutrient utilization.

Methods
Study site

Between November 1999 and December 2003, we
measured leaf gas exchange and other leaf param-
eters at both undisturbed eastern Amazonian
terra-firme tropical rain forest and cattle ranch
pasture ecosystems. Nine field campaigns from
November 1999 through December 2003 covered
both wet and dry seasons. The forest ecosystem
was situated within the Flona-Tapajos, a
600,000 ha national forest reserve in Brazil,
50 km south of Santarém, PA (Lat. 2° 51" 22” S,
Long. 54° 57 29” W). Access to leaves of trees and
lianas was from four towers ranging from ca. 25 to
45-m in height. Edaphic, micrometeorological and
biological information about this region are pre-
sented elsewhere (Silver et al. 2000; Keller et al.
2001; Nepstad et al. 2002; Telles et al. 2003; da
Rocha et al. 2004; Goulden et al. 2004; Vieira et al.
2004; Domingues et al. 2005). In summary, the
annual precipitation of the region averages
2,000 mm yr ', being lower during El-Nifio years.
A well-characterized dry season extends from July
through November when precipitation is usually
below 100 mm month™'. Air temperature above
the canopy varies little throughout the year, with
maximum daily temperatures ranging between 24
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and 32°C and minimum daily temperatures
ranging between 20 and 25°C.

The pasture site used in this study (Lat. 3°
0" 44” S, Long. 54° 32" 14” W) was located
approximately 10 km from the primary forest site,
and was therefore under the same regional
climatic regime of the forest site. The pasture
was characteristic of an old (ca. 13 years) cattle
ranch farm planted with the C, grass Brachiaria
brizantha Stapf. (Sakai et al. 2004), and moder-
ately colonized by saplings of forest species.

Plant species and functional groups

Leaves from 72 individual plants belonging to 63
species were analyzed for this study (Table 1).
Such species and respective plant functional
groups were chosen due to their relevance to
ecosystem level carbon, water and energy cycles.
Photosynthetic gas exchange measurements were
performed on a subgroup of 28 species. Plant
voucher materials of species obtained from one of
the forest towers were sent to the IAN-EMBRA-
PA herbarium (Belém, Br) for taxonomic iden-
tification and subsequent incorporation into its
collection. When possible, species identification
for the remainder of the forest species was
obtained from available inventories (Keller
et al. 2001; Miller et al. 2004).

Based on life form and species distribution
within the canopy profile, we grouped species from
the forest site into four functional groups: top-
canopy tree, top-canopy liana, mid canopy tree,
and understory tree (Table 1). Top-canopy species
were characterized as having fully sun-lit leaves in
the upper 30% of the forest canopy, while under-
story species occupied the lower 10% of the canopy
profile. We grouped plants from the pasture site
into two functional groups: pasture grass (one Cy4
species) and pasture sapling (four C; species).

Leaf properties

Leaf mass to leaf area ratio (LMA g m™?) was
obtained by dividing fresh leaf area by its dry
weight. Leaf area was obtained by tracing fresh
leaves onto paper and posterior area determina-
tion of digitalized images. Leaf weight was
obtained after drying leaves at 65°C for 48 h.

Leaf 6'°C, 6"°N and nitrogen content (Njear)
were determined on sub-samples (1-2 mg) of the
dried leaf samples by continuous-flow isotope ratio
mass spectrometry (IRMS Delta Plus Finnigan,
San Jose, CA, USA) coupled with an elemental
analyzer (Carlo Erba, Milan, Italy) at the
Laboratério de Ecoldgia Isotopica, CENA-USP,
Piracicaba, Brazil. Isotope ratios are expressed in
delta notation relative to PDB standard as:

o0X = K Rsa'“"'e) - 1} % 1000

standard

0X is either 6"°C or 6N, while Rgmpe and
Rstandara are ratios of heavy to light isotopes of the
sample and standard, respectively. The precision
of the isotopic measurements was +0.29%,.

Foliar total nitrogen contents were obtained
with the elemental analyzer on a mass basis
(Nmass) and multiplied by the corresponding
LMA in order to express on an area basis (Nrea)
(g N m™).

Gas exchange measurements

Leaf level gas exchange measurements were
collected with an infrared gas analyzer coupled
to a leaf chamber equipped with a red-blue
light source and an external CO, source (model
LI-6400, Li-Cor, Nebraska, USA). Photosynthetic
carbon assimilation rate (A), dark respiration
rates (Rq), stomatal conductance to water vapor
(gs), and the ratio between intercellular to atmo-
spheric carbon dioxide concentration (ci/c,) were
calculated by the LI-6400 software (OPEN ver-
sions 3.3, 4.04, and 5.1) based on equations
presented by von Caemmerer and Farquhar
(1981). On all occasions, the leaf area used was
6 cm” and the stomatal ratio used was 0.5. The
environment inside chamber was controlled to
maintain leaf temperature at 30°C, relative
humidity ca. 80%, CO, partial pressure at the
sample cell at 36 Pa, and saturating levels of
photosynthetically active photon flux density
(PPFD) (800 umol m 2 s™' for understory plants
and 1800 ymol m2 s™' for other species). All
measurements were performed on fully expanded
leaves. Field measurements were usually limited
to morning hours (8:00-13:00 h local time).
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Table 1 The distribution within functional groups of plant species evaluated from both primary forest and pasture

ecosystems from Santarém, Brazil

Species Family Functional group Height (m) Relative height (%)
Abuta rufescens* Menispermaceae Upper liana 33 86
Arrabidaea prancei* Bignoniaceae Upper liana 26 85
Combretum sp.* Combretaceae Upper liana 34 83
Memora tanaeciicarpa* Bignoniaceae Upper liana 26 85
Prionostemma aspera* Hippocrateaceae Upper liana 38 93
Tetrapterys sp.* Malpighiaceae Upper liana 38 93
Copaifera duckei* Caesalpiniaceae Upper tree 36 89
Cordia bicolor* Boraginaceae Upper tree 27 86
Goupia glabra Celastraceae Upper tree 26 85
Lecythis lurida Lecythidaceae Upper tree 29 71
Lecythis lurida* Lecythidaceae Upper tree 32 91
Licania michelli Chrysobalanaceae Upper tree 24 77
Manilkara huberi* Sapotaceae Upper tree 30 72
Micropholis sp.* Sapotaceae Upper tree 32 91
Ocotea rubra Lauraceae Upper tree 32 91
Perebea molis Moraceae Upper tree 27 87
Tachigali myrmecophila* Caesalpiniaceae Upper tree 27 86
Amphirrhox surinamensis Violaceae Mid tree 4 13
Anomalocalyx uleanus* Euphorbiaceae Mid tree 21 60
Bactris elegans Arecaceae Mid tree 4 13
Chimarrhis turbinata Rubiaceae Mid tree 11 28
Copaifera duckei Caesalpiniaceae Mid tree 26 63
Coussarea macrophylla Rubiaceae Mid tree 4 13
Coussarea racemosa Rubiaceae Mid tree 6 19
Derris amazonica Fabaceae Mid tree 14 34
Derris sp. Fabaceae Mid tree 8 26
Erisma uncinatum Vochysiaceae Mid tree 10 32
Eschweilera coriacea Lecythidaceae Mid tree 26 73
Faramea capillipes Rubiaceae Mid tree 6 15
Faramea platyneura* Rubiaceae Mid tree 9 22
Faramea stenopetala Rubiaceae Mid tree 6 19
Forsteronia mollis Apocynaceae Mid tree 14 45
Iryanthera sagotiana Myristicaceae Mid tree 18 58
Lecythis lurida Lecythidaceae Mid tree 28 68
Lecythis lurida Lecythidaceae Mid tree 28 80
Lecythis lurida Lecythidaceae Mid tree 16 52
Lecythis sp.* Lecythidaceae Mid tree 14 35
Licania macrophylla Chrysobalanaceae Mid tree 4 13
Licania michelli Chrysobalanaceae Mid tree 21 69
Licaria brasiliensis Lauraceae Mid tree 23 73
Licaria brasiliensis Lauraceae Mid tree 14 45
Machaerium amazonense Fabaceae Mid tree 16 39
Manilkara huberi Sapotaceae Mid tree 16 52
Memora tanaeciicarpa Bignoniaceae Mid tree 20 65
Mouriri brachyanthera Melastomataceae Mid tree 9 23
Moutabea guianensis Polygalaceae Mid tree 16 52
Perebea mollis Moraceae Mid tree 21 68
Poecilanthe effusa Fabaceae Mid tree 4 13
Pouteria macrophylla Sapotaceae Mid tree 16 40
Pouteria macrophylla Sapotaceae Mid tree 10 31
Pouteria venosa Sapotaceae Mid tree 6 19
Protium puncticulatum* Burseraceae Mid tree 18 53
Protium sp. Burseraceae Mid tree 8 19
Protium spruceanum Burseraceae Mid tree 20 65
Sclerolobium melinonii Caesalpiniaceae Mid tree 11 31
Sclerolobium paraense* Caesalpiniaceae Mid tree 19 46
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Table 1 continued

Species Family Functional group Height (m) Relative height (%)
Tabebuia serratifolia Bignoniaceae Mid tree 13 37
Tachigali myrmecophila* Caesalpiniaceae Mid tree 19 61
Virola elongata Myristicaceae Mid tree 4 13
Not identified Not identified Mid tree 7 21
Not identified Not identified Mid tree 16 39
Amphirrhox surinamensis Violaceae Understory 1 3
Coussarea micrococca Rubiaceae Understory 1 3
Cydista aecquinoetialis Bignoniaceae Understory 2 6
Duguetia cadaverica* Annonaceae Understory 1 3
Faramea capillipes Rubiaceae Understory 2 5
Miconia acinodendron® Melastomataceae Understory 1 3
Palicourea sp. Rubiaceae Understory 2 5
Rinorea neglecta* Violaceae Understory 1 2
Sclerolobium paraense* Caesalpiniaceae Understory 1 2
Not identified Not identified Understory 1 3
Not identified* Not identified Understory 1 2
Not identified* Not identified Understory 1 2
Desmodium sp.* Fabaceae Understory 1 100
Dichapetalum sprucanum* Dichapetalaceae Understory 1 100
Vismia sp.* Guttiferae Understory 1 100
Not identified* Not identified Understory 1 100
Brachiaria brizantha * Poaceae Pasture grass 1 100

* Plants associated with photosynthetic gas exchange measurements

Maximum

carboxylation

capacity values

Statistical analyses

(Vemax) Were calculated for species used for gas
exchange measurements (Table 1). For that, 117
A-—c; response curves were produced by varying
carbon dioxide concentration while under satu-
rating light levels (800 umol m™ s~ for under-
story species and 1800 umol m~ s~ for all other
species) and 124 A-PPFD response curves were
produced by varying PPFD level under constant
CO, concentrations (36 Pa). During all response
curves, the leaf temperature and relative humid-
ity were held constant at 30°C and 80%,
respectively. Maximum rate of electron transport
values (Jna.x) were obtained only from A-c;
curves. A Dbiochemical photosynthesis model
(Farquhar et al. 1980; von Caemmerer 2000)
was fitted to the field data by nonlinear least
square method using Microsoft Excel solver
routine (Microsoft Corporation, Excel v. X for
Mac) assuming non-negative values and using
automatic scaling, quadratic estimates, central
derivative, and conjugate search. By iteration,
this routine returned Vi ,.x and J,.x values
associated with the smallest error. The V jax
and J,.x values reported here are scaled to the
reference leaf temperature of 30°C.

Averages of parameters for individual species
were used for statistical analysis. A Levene’s test
was applied to each parameter to determine
homogeneity of variances. For parameters that
presented homogeneous variances, one-way anal-
yses of variance (ANOVA) were employed to
test if ecophysiological parameter means differed
among functional groups. For parameters that
presented heterogeneous variances, a Welch-
ANOVA was employed to test differences among
functional groups means. In the cases that Welch-
ANOVA tests indicated significant differences
among parameter means, Games—Howell post
hoc tests were applied in order to establish pair-
wise comparisons among functional groups.
Linear discriminant analyses based on ecophysi-
ological parameters were used to classify species
into the a priori established plant functional
groups. We used JMP statistical software (JMP
5.1.2 for Maclntosh, SAS Institute Inc., Cary, NC)
for all statistical analyses, with the exception of
the Games—Howell post hoc tests where SPSS
statistical software was used (SPSS version 13.0
for windows, SPSS Inc. Chicago, IL).
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liana groups were different from each other based
on 0C (Table 2). The establishment of more
conspicuous differences among groups was ham-
pered by large within group variances. For
example, despite the 2-fold variation in mean
gs@A .« between the pasture sapling and the
understory tree functional groups (Table 2), no
statistical difference was detected for this param-
eter between these two groups.

Despite the lack of statistically significant
distinctions between the pasture sapling group
and both the top-canopy tree and the top-canopy
liana groups, relationships among parameters
suggest divergent physiological set points among
them (Fig. 1). Based on N,e., LMA, and Ry,
these groups were similar to each other (Fig. 1A
and B), indicating that full sun-light leaves were
acclimated to similar environmental conditions.
When A, or g§@A,x Were considered the top-
canopy liana group tended to resemble the mid
canopy tree group (Fig. 1C). The fact that the
top-canopy liana group tended to show higher
0'3C values and lower cj/c, values (Fig. 1D)
suggests that this group might be more conserva-
tive in its water use, in agreement with relatively
low stomatal conductances when compared to
top-canopy trees.

a 15 b 150
:u‘z 12 _[_+ 120 #
. N
E oo _'Ll E 90 ’37{
g =0 o © upper liana
2 6 < 60r g ® upper tree
x - E U mid trees
g 3 30 m understory
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Fig. 1 The interrelationships among parameters associate
with photosynthetic gas exchange for plant functional
groups occurring at a primary tropical rain forest site and
at a pasture site (Santarém, Brazil)

Photosynthetic efficiency

The trade-offs between carbon gain, transpira-
tional water loss, nutrient use, and metabolic
rates were expected to vary among the proposed
functional groups. Trade-off settings of plant
functional groups were compared in Table 2.
The C, photosynthetic pathway of the pasture
grass set this group apart as being highly efficient
group in acquiring carbon while employing rela-
tively low amounts of resources such as N and
water. Further analyses were based on compari-
sons among groups with the C; photosynthetic
pathway. The instantaneous water use efficiency
(Amax/gs@A nax) suggests homogeny among func-
tional groups, although the top-canopy liana
group was significantly different from the under-
story tree group (Fig.2). Despite large inter-
group variations in both A,x and N, values
(Table 2), the constancy observed for nitrogen
use efficiency (Amax/Narea) among the C; func-
tional groups points to a strong interdependence
between these two parameters, suggesting that N
was allocated to match potential photosynthetic
rates. The carbon assimilation efficiency (A pax/
Ry) tended to be similar among the groups
evaluated indicating that changes in R4 were
proportional to changes in Ay, although the
understory tree group showed higher efficiency
when compared to the pasture sapling group.

Discriminant analyses

Based on species averages, linear discriminant
analyses were applied to the dataset in order to
test the ability of sets of ecophysiological param-
eters to reproduce the a priori plant groupings.
The application of the discriminant analysis
resulted in no misclassifications when LMA,
513(:’ Nareav gs@Amax’ Amaxa Rd7 Vcrnaxa and ]rnax
were considered. That was the smallest set of
parameters needed for a 100% correct classifica-
tion. The inclusion of other parameters (ci/c,,
PN, Nppass, OF C/N) did not improve or even
decrease the classification efficiency. When the
discriminant analysis was based solely on gas
exchange parameters (hard traits according to
Hodgson et al. 1999) (Amax, Vemax> Jmax> €@ Amaxs
Ry, and ¢i/c,), the accuracy of species classification
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Fig. 2 Plant functional groups averages and standard
error of the mean of instantaneous water use efficiency
(Amax/8s@Amax), photosynthetic nitrogen use efficiency

within the functional groups decreased to 76%.
On the other hand, when the discriminant analysis
was based on leaf anatomical and chemical prop-
erties (soft traits) (LMA, 6"°N, 6"°C, C/N, Npases
and N,...), the precision of species classification
within the functional groups decreased to 61%,
although the precision improved slightly when
only 6N, 6'3C, and N,,., were used (67%). Such
patterns suggests that both hard and soft traits are
necessary in correctly characterizing plant func-
tional types based on ecophysiological traits
related to gas exchange.

Discussion

The averages and ranges of photosynthetic gas
exchange parameters (Amax, Vemaxs Jmaxs &s@
Amax, Ra, and cy/c,) presented in this study were
within values published for the Amazon region
(Roberts et al. 1990; McWilliam et al. 1996; Sa
et al. 1996; Carswell et al. 2000; Meir et al. 2001).
In addition, averages and ranges of leaf chemical
and anatomical parameters (LMA, o3C, and
Narea) Were also in agreement with other Amazon
tropical forest studies (Lloyd et al. 1995; Reich
et al. 1991; Martinelli et al. 1998; Carswell et al.
2000; Ometto et al. 2002).

Differences among functional groups
The dataset presented in this study suggests large
within-group variances (Table 2), similar to what

Wright et al. (2005) observed from a much larger
dataset. For example, the coefficient of variation
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(Amax/Narea), and carbon use efficiency (Apax/Rq)- Distinct
letters indicates statistical significant differences in func-
tional groups averages (alpha = 0.1)

associated with A, values averaged 35% among
the functional groups. Nonetheless, significant
differences among functional groups were
detected indicating that our a priori functional
group classification indeed mimic distinct eco-
physiological characteristics. The exception to
that was the absence of differences between the
top-canopy tree and the pasture sapling groups,
although the small sample size of pasture sapling
(n = 4) associated with large variances might
have impaired our ability to detect real differ-
ences between these two groups, if they indeed
exist.

Differences in ecophysiological parameter
means among the groups within the forest eco-
system came out to be more conspicuous. The
structure of forest canopies causes strong gradi-
ents in environmental parameters such as light
levels, wind, temperature, and relative humidity
(Shuttleworth 1989; Domingues et al. 2005). The
ecophysiological properties of forest leaves eval-
uated in this study were strongly associated with
its relative position within the canopy profile
(Fig. 3), causing understory species to be most
different from upper canopy species.

The pasture grass displayed high photosyn-
thetic efficiency (Fig. 2), resulting from the C,
photosynthetic pathway (Pearcy and Ehleringer
1984). By increasing the CO, concentration at the
sites of carboxylation, C, plants operate with
lower ci/c,, lower g;, and require lower amounts of
the enzymes responsible for photosynthetic car-
bon fixation, therefore requiring less nitrogen.

While the pasture grass showed the highest
water use efficiency, the understory group tended
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toward lower efficiency (Fig.2). Understory
plants possess low concentration of carboxylase
enzyme, low light-saturated photosynthetic rates,
low respiration rates, low light compensation
point and generally slow growth (Denslow
1987). Such features are related to the low light
levels prevailing at the forest floor (Leight 1975;
Chazdon et al. 1996), and the use of sun-flecks has
been shown to play an important role in daily
carbon gain for species inhabiting the dark
understory environment (Chazdon 1988). In
order to minimize stomatal limitation of photo-
synthesis during ephemeral sun-flecks, understory
plants usually operate with relative high stomatal
conductances (Pearcy 1990), consequently result-
ing in low instantaneous water use efficiency. On
the other hand, understory species tended to show
high carbon use efficiency (Fig. 2) that is neces-
sary to achieve a positive carbon balance at low
light level that prevails at the forest floor.

The top-canopy liana group had a ¢'°C mean
significantly different from the top-canopy trees
(Table 2), indicating that lianas tended to operate
under lower cj/c, values. Although no other
parameter was significantly different between
these two groups, mean A,,x and g@A .« were
lower in the top-canopy liana group when

© Upper lianas = Mid canopy
® Upper trees  ® Understory

compared to the top-canopy tree group (28 and
39% lower, respectively). Such patterns found in
the top-canopy liana group were consistent with
stomatal limitation of photosynthesis due to water
stress. When compared to trees, lianas usually had
a much greater ratio of leaf area per unit of
conducting tissue (Putz 1983). During periods of
high evaporative demand, such allometry might
place lianas at a higher risk of xylem embolism,
justifying a conservative use of water in this
functional group.

Implications to global changes

Changes in atmospheric CO, levels over geolog-
ical times have been related to major changes in
fauna and flora (Cerling et al. 1998). Thus, the
33% rise in atmospheric CO, witnessed during
the last 200 years is expected to interfere with
ecological interactions (Drake et al. 1997). In-
creases in atmospheric CO, improve the quantum
yield of C; photosynthesis (Ehleringer et al.
1997), decreasing the present-day advantage of
C, species in hot climates, therefore decreasing
Amazonian pasture productivity relative to forest
plants. Furthermore, improvements in quantum
yields might enhance the success rate of seedling
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establishment at the very light-limited tropical
forest understory, with implications for changing
forest dynamics (Wiirth et al. 1998; Phillips et al.
2004).

Another implication of rising CO, levels is the
consequential improvement in water use effi-
ciency, simply because a lower g is required to
meet the demand for photosynthetic assimilated
carbon (Drake et al. 1997). The present dataset
indicates that top-canopy lianas are more conser-
vative in water use (Fig. 2). If improvements in
water use efficiency translates into increased
productivity for lianas, then it might help to
explain the observed pan-tropical increase in
liana density (Phillips et al. 2002). Due to its
detrimental effects on tree growth, increasing
liana density can potentially promote profound
changes in ecosystem function, species composi-
tion and carbon, water and energy fluxes (Schnit-
zer and Bongers 2002).

Conclusions

Statistically significant differences based on eco-
physiological parameters related to gas exchange
were established among the plant functional
groups that were identified a priori, with the
exception that no differences were observed
between the top-canopy tree and the pasture
sapling groups. A combination of several leaf
physiological (hard traits) and chemical-anatom-
ical properties (soft traits) was necessary to
reproduce the a priori grouping without misclas-
sifications, reinforcing the relevance of collecting
a broad range of traits. The ecophysiological
differences reported for the plant functional
groups evaluated in the present study provide
important information necessary for the simplifi-
cation of ecosystem scale studies in Amazonia
and other tropical forest ecosystems.
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