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ABSTRACT - (Synecological comparisons sustained by ecophysiological fingerprinting of intrinsic photosynthetic capacity of
plants as assessed by measurements of light response curves). In some literature variationsin photosynthetic rates are considered
to beof littlerelevancefor individual fitness. This depends among other things on how one definesfitness, i.e. if onetakesstrictly
Darwinian fitness as seed production or if one needsto evaluate particular traits and consider plant establishment. It also matters
if onetakesthe Darwinian “organismindividual” asthe central entity inevolution (“individual fitness”) or the* speciesindividual”
inamodified “ Sructure of Evolutionary Theory” sensu Stephen Jay Gould. A phenotypically expressed trait like photosynthetic
rate, even if intra- and interspecific differences may be small, can matter in habitat performance and niche acquisition. Light
dependence curves (L Cs) of photosynthetic rates are now readily measured under field conditions using miniaturized equipment
of pulse amplitude modulated fluorometers. In contrast to actual momentary measurements of quantum yield of photosynthesis
under actually prevailing ambient conditions, L C measurementsreflect the expressed intrinsic capacity of photosynthesis. In this
review we explore the power of LC measurementsyielding cardinal points such as maximum apparent electron transport rate of
photosystem |1 (ETR,,,,) and saturating photosynthetically active radiation (PAR,,) in making intra- and interspecific comparisons
of plant performance and synecological fingerprinting in ecophysiological studies across species, sites, habitats and ecosystems.
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RESUM O - (Comparagdes sinecol 4gicas com base em “fingerprinting” ecofisiol 6gico da capacidade fotossintéticaintrinsecade
plantas avaliada por medi¢des de curvas de resposta a luz). Alguns autores consideram variagfes em taxas fotossintéticas como
pouco relavantes para a aptiddo ecoldgica (“fitness”) individual. Isto depende, dentre outras coisas, em como se define aptiddo
ecolégica, i.e. se no senso Darwiniano, como fecundidade, ou se levando em conta caracteres rel acionados ao estabel ecimento e
sobrevivénciadas plantas. Importa, também, se 0 “ organismo individual” de Darwin € considerado aentidade central naevolugéo
(“individual fitness”) ou sea"“ espécieindividual” de Gould. Um caréter expresso fenotipicamente, como taxafotossintética, ainda
que diferengas intra- e interespecificas possam ser pequenas, pode importar em termos de performance e ocupagé@o de nicho.
Curvasderespostaaluz (L Cs) detaxas fotossintéticas séo prontamente mensuravei s em condicoes de campo através do emprego
de equipamento miniaturizado de fluorébmetro de amplitude de pulso modulada. Em contraste com medidas instantaneas de
eficiénciaquantica de fotossintese, medidas de L C refletem a capacidade fotossintéticaintrinseca. Nestarevisao nés exploramos
0 poder de medidas de L C, e seus pontos cardinais derivados tais quais a taxa de transporte de el étrons maxima do fotossistema
Il (ETR,.) € aradiacdo fotossinteticamente ativa saturante (PAR,), narealizacdo de comparacdes intra- e interespecificas para
performance das plantase“fingerprinting” sinecol 6gico em estudos ecofisi ol 6gicos entre espécies, localidades, habitats e ecossistemas.

Palavras-chave - aptidéo ecoldgica, curvas de resposta aluz, ecofisiologia, sinecologia fisioldgica

Introduction statements found in a review by Ackerly et al. (2000)

are somewhat perplexing. Certainly “ecophysiological

“Direct correlations between photosynthetic rates traits..... arelikely toinfluencefitnessand undergo adaptive

and fitness are rarely observed in natural populations;  evolution” (Ackerly et al. 2000), and photosynthesisis
..... itisimpossibleto say that variation in photosynthetic among them.

rate, per se, contributed directly toindividual fithess’. These Thus, Niklas (1997) offers a more balanced view

of the concept of fithess and about the difficulties in
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two types of categories. those related to survival and
those related to reproductive success. Since it would be
obvioudly difficult to measureal pertinent traitsin these
two categoriesto achieve somekind of fitness assessment,
the usual practise is to select a few traits to measure
(often belonging to one of the categories only) and
assume that they provide a good assessment of fitness.
Thisis not necessarily a correct assumption. The risks
of assuming this correlation between survival and
reproductive success are clear from the example given
by Niklas (1997): one can easily imagine along-living
sterile plant and/or a fecund ephemeral plant. In this
vein, one may also think of k- and r-strategy species
producing small and large number of seeds, respectively
(Silvertown 1987).

Considering the basic question how one can define
fitness of plantsin ecosystems and habitats, is it really
as simple as recording sexual reproduction, i.e. flower
production and seed number as in Ackerly et al.’s
scheme with photosynthetic rate upstream of some
physiological “fitnesscomponents’ with “seed number”
as a down stream output of “fitness’? Is it not rather
seedling and plant establishment that countsin assessment
of fitness? Ecologically, many traits become pertinent:
“The individual’s fitness (the number of offspring
contributed to the next generation*) depends on the
success of metabolism and development in capturing
and managing available energy and matter. ...all causes
of fitness differences, anticipated and unanticipated, are
integrated in the measured fitness of genetic variants ...”
(Tonsor et al. 2005). Moreover, even withinthe survival
and reproductive success “boxes’, there are problems
with assumptions. When discussing reproductive
success, onewill intuitively think of sexual reproduction.
But what about clonally propagating individual sshowing
aggressveinterspecific competitivenessand ecophysologica
fitness? In the Qira Oasis of the Taklimakan desert
(Hotan Province, Chinese Xinjiang Uygur Autonomous
Region, China) a clone of Populus euphratica Oliv. of
adiameter of 100 m and asize of at least 4 ha has been
identified by molecular fingerprinting using amplified
fragment length polymorphism (AFLP) (Bruelheide et
al. 2004). Thelargest clones known in the world are of
Populus tremuloides Michx., i.e. in the Wasatch
Mountainsin Utah, North America, with 42.9 ha (Grant
1993) or even larger elsewhere (81 ha: Kemperman &
Barnes 1976). Would then, to mention as one

* j.e., not just the number of seeds produced and perhaps not even
only sexually produced offspring, if we may also refer to clonal
individuals.

ecophysiologically studied example Andira legalis
(Gelder et al. 2005a) —which isthe most abundant plant
inadretch of “restinga’ in coastd Rio de Janeiro state of
Brazil —belabelled asfit or unfit? Thisplant hasachieved
this high abundance through asexual reproduction and
clonal propagation and hasnot produced asingle seedling
in the past 10 years (Cirne & Scarano 2001, Cirne et al.
2003). Here, athough even clones may expose genetic
variation which issustained by mutation (Forneck 2004),
afurther question clearly arisingisif itisonly genotypic
anchorage of traitsor also plastic phenotypic expression
of physiological traits that counts for performance in
ecosystemsand habitatsand ecological nicheacquisition,
i.e. in fitness other than just sexual propagation.

The problems related to measuring fitness persist
at the population level, when one wants to compare the
overall “adaptiveness’ of oneversusanother population
of agiven species. Seed output, degree of polymorphism,
persistenceintime, susceptibility to del eterious mutations,
ability toincreasein size, interspecific competitiveness,
and even plant abundance have all been used as
measurements of population fitness, and again according
to Niklas(1997), despite merits, they all posetheoretical
and practical problems. Here, too, an integrated approach
combining survival and reproductive parametersislikely
to be more successful (e.g. Scarano et al., 2002).

As we fully agree with Niklas's perspective, it is
also obvious that ecophysiological traits are still much
under-rated in ecological literature, when it comes to
assessing fitness[asin Ackerly et al. (2000), see above].
Thus, it isour am in this paper to discuss the potential
of a tool we have been developing to produce an
“ecophysiological fingerprint” of intrinsic photosynthetic
capacity of plants. It isneither our goal nor our argument
that thetool discussed herewill finally solvethe problem
of incorporating the ecophysiol ogical vigour component
into fitness estimation. However, we believe that it may
dlicit abetter assessment of the contribution of photosynthesis
to fitness.

Feedback networ ks of genotype, phenotype
and environment

Traits required for generating phenotypes are
anchored in the genome, but environmental factors act
upon the phenotypes, i.e. the particular traits actually
expressed. Intheecology of photosynthesis, genotypically
anchored ecophysiological complexes often quoted are
C,-photosynthesis and Crassulacean acid metabolism
(CAM). Both have evolved polyphyletically many times
in the plant kingdom (L Uttge 2004) and many CAM
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plants in particular also show highly pronounced
phenotypic plasticity and C,/CAM intermediate
behaviour in response to environmental cues (LUttge
2004). Another genetically fixed trait in many species
isthe sun and shade plant nature, respectively. However,
again there is considerable intra-specific plasticity in
many species producing both sun and shade types
depending on environmental constraints (e.g., Scarano
et al. 2002). Thegenetic basisof all the ecophysiological
traits (Ackerly et al. 2000) undisputedly makes
population genetics a non escapable approach for
understanding both evolutionary aspects of biodiversity
and ecosystem functioning (Tomiuk et al. 2004). In
addition, for thelatter the study of expressed physiological
capacities, including photosynthetic capacity, isequally
essential as clearly indicated by the network-like
interactions of phenotypes, ecotypesand genotypeswith
phenotypes being the receivers of environmental input
and phenotype-genotype feedback (LUttge 2005). As
the most outstanding function of primary producers we
therefore remain interested in photosynthetic capacity
inrelation to ecophysiological fitness.

Photosyntheticlight response curves

Primary reactions of photosynthesis such as
quantum use efficiency and apparent electron transport
rate (ETR) are now easily measured in the field using
miniaturised pul se amplitude modul ated fluorometers (see
review in L ttge & Scarano 2004). One can makeinstant
measurements of potential quantum yield (F/F,) and
of effective quantum yield (AF/F,,’) of photosystem Il
of dark and light adapted |eaves, respectively (Rascher
et al. 2000), inthefield. Someinstruments, likethe Mini-
PAM of H. Walz (Effeltrich, Germany), provide an
internal light curve (LC) programme allowing therapid
measurement of light dependence curves of leaves in
the field (Rascher et al. 2000). While the instant
measurementsof AF/F,,’ reflect momentary activity under
actually pertaining ambient conditions, L Cs are mostly
thought to reflect intrinsically expressed capacity of the
plants. Thus, thelatter allow intra-specific comparisons
of individuad plantsandinterspecific comparisonsof different
species within habitats and across habitats. A note of
caution is that comparative LC measurements should
bemadeat smilar timesduring theday to avoidinterference
of diurnal variations of expression, which for example
were encountered to be very significant at times during
afield study of several speciesof \elloziain the“ Serra
do Cip6”, Minas Gerais, Brazil (Lttge et al. 2007).
However, the light curve programme of the Mini-PAM

allows to generate sets of comparative LCs within a
reasonably short timeframe, taking about 5 min per LC.

Rascher et al. (2000) have compared the results
of instant measurements and L C measurements of AF/
F.’ and ETR of different plants in a montane tropical
forest in Ethiopia (figure 1). They show the power of
the method for assessing comparative ecophysiological
performance. In their comparison instant measurements
of AF/F,) and LC measurements showed very close
agreement for Peperomia sp. and Kalanchoé densiflora
Rolfe and were offset against each other by only a
systematic error for Lobelia gibberoa Hemsl. and
Solanecio gigas (Vatke) C. Jeffey, and the comparisons
revea ed interspecific differences between the different
species at the site chosen (figure 1). In many other
studies in the past we have used the LC approach for
characterising plant performance in the field at the
autecological level. Light curvesallow to deduce cardinal
pointswhich are quantitative physiological indicators of
intrinsic photosynthetic capacity, such as AF/Fm' and
ETR at light saturation, i.e. AF/F,’-sat and ETR, ..,
respectively, and saturating photosynthetically active
radiation (PAR,). In more recent studies we have
endeavoured at employing such measurements in
approaches of physiological synecology (LlUttge &
Scarano 2004) comparing different speciesand lifeforms
within ecosystems and similar species and life forms
across ecosystems (Scarano et al. 2001, 2005 a,b,
Duarte et al. 2005, Gef3ler et al. 2005 a,b). LC cardinal
pointswereused in addition to severa other physiological
traits in the synecological assessments attempted in
these studies.

In the following section we shall use ETR,,, and
PARg; in exploring three case studies to illustrate the
potential of LC cardinal points in assessments of plant
performance at the community level. In the section
subsequent to it we then shall address the suggestion
that LC cardinal points allow synecological
ecophysiological fingerprinting and the evaluation of the
roles of generalist and specialist species, respectively,
as dominant species in ecosystems.

Three case studies

Case study 1: Butea monosperma Taub. at different
sites in Rajasthan, India— The first example (figure 2,
unpublished data of U.L.) shows a comparison of the
performance of the legume tree Butea monosperma
Taub. in South-Rajasthan, India, at three different sites
inthedistrict of Tonk and intwo different seasons. Sites
1 and 2 were very dry rocky rupestrian fields at the
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Figure 1. LC-measurements (left panels) and measurements under actual ambient conditions (right panels) of AF/F,’ (main
graphs) and ETR (insets) related to photosynthetic photon flux rate (PPFD = PAR) of from top to bottom Lobelia gibberoa
Hemsl., Solanecio gigas (Vatke) C. Jeffey, Peperomia sp. and Kalanchoé densiflora Rolfe in a montane tropical forest in
Ethiopia. Individual data points of AF/F,,;” werefitted against double exponential functions, which are represented by the lines
inthefigures (R? = regression coefficients) and data points of ETR werefitted by asingle exponential function, wherethelines
were used to determine ETR,, as indicated by the numbersin the inserts (umol m?2 s?) [From Rascher et al. 2000, with kind
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bottom of a small mountain ridge facing East (site 1)
and West (site 2), respectively, while site 3 was an
irrigated agricultural area. The measurementsin October
were performed just at the end of the rainy season and
those in December 2 to 3 months into the dry season.
The intra-specific comparison across sites shows that
the exposure does not have strong effects, although
there appears to be a trend of better performance of
the East-exposed plants at the rocky and hilly site. At
the agricultural site the plants showed a somewhat
inferior performance at the end of the wet season than
the plants in the rupestrian field but they were less
affected by season and since the performance of the
plants in the rupestrian field declined with progressing
dry season the differences became negligible in the dry
season.

Case study 2: Mangrove tree-species along a zonation
with a sun-exposure gradient on Pohnpei Island,
Micronesia— The second example is shown in table 1
where five mangrove tree-species in a sun-exposure
zonation show aclear gradient of ETR,,,,, obtained from
light response curves. It illustrates the usefulness of the
parameter ETR,,, for assessing intrinsic photosynthetic
capacity in relation to plant performance in the field.
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Figure 2. LC-fingerprinting of Butea monosper ma at two rocky
hilly sites at the foot of a small mountain ridge facing East
(site1) and West (site 2) and inan agricultural plain (site3) in
South-Rajasthan, India, at the end of the rainy season
(October 2003) and two to three months into the dry season
(December 2003). Error bars are standard deviations.

Table 1. Apparent photosynthetic electron transport rate at
an irradiance of 1000 umol m2 s? (i.e. at or very close to
saturation) of five mangrove tree-species in a sun-exposure
gradient (after data of Kitao et al. 2003)

. ETR
Species (umol m2s?)
Sun-exposed pioneer species

Sonneratia alba Sm. b
Rhizophora stylosa Griff. D

Intermediate species
Bruguieragymnorrhiza (L.) Lam. &
Rhizophora apiculata Blume %

Shade-tolerant climax species
Xylocarpus granatum J. Kénig 40

Case study 3: Exotic tree plantations and regeneration
of natural forest in the tropics — The third example is
the potential of natural forest regeneration in an exotic
tree plantation, which we studied in the Shashemene-
Munessa State Forest in the eastern escarpment of the
Great Rift Valley in Ethiopia. In many tropical countries,
very much alsoin Brazil (Silvaet al. 1995), plantations
of exotic trees are occupying vast areas. Such
plantations obviously have ecologically adverse effects,
such as harmful changes of soil in physical, chemical
and biological propertiesand in competitive strength for
water and nutrients, displacement of local flora, native
vegetation and fauna, and susceptibility of exotic tree
species to epidemic diseases and pests. However, it has
also to be considered that they may have advantages,
such asinformation available on propagation techniques,
silvicultural behaviour and management practices, their
fast growth and wood production and their nurse effects
relating to microclimate, protection against erosion and
enhancement of litter and humus production (Feyera et
al. 2002). In particular the nurse effect can be very
important, as also shown by the present case study. Figure
3comparesETR,,,, and PAR, for two different adjacent
Eucalyptus plantations, E. globulus Labill. and E.
saligna Sm., two native species regenerating within the
E. saligna plantation (Bersama abyssinica Fresen and
Podocarpus falcatus (Thunb.) Endl.) and two native
speciesin anear by remnant natural Podocar pus forest
with several hundred year old Podocarpus trees (P.
falcatus and Croton macrostachys Hochst. Ex. Del.).
Thus, from left to right in figure 3 there is kind of a
transition from exotic to native treesin a plantation and
to nativetreesin anatura stand. Of course, with thelimited
number of sites and treesfigure 3 isavery rudimentary
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Figure 3. LC-fingerprinting of exotic and native treesin Eucal yptus-plantations and aremnant natural Podocarpusforest inthe

eastern escarpment of the Great Rift Valley, Ethiopia.

“fingerprint”. Nevertheless, it givesstructural information
at a glance with the sun plant characteristics, i.e. high
ETR, and PAR,, of both the exotic E. globulus in
the plantation and C. macrostachysin the natural stand,
similar behaviour of P. falcatus in both the E. saligna
plantation and the natural stand, and an almost similar
behaviour of P. falcatusand E. saligna in the plantation.
Together with additional information, especially amuch
higher intrinsic water use efficiency of P. falcatus, the
latter observation led to the conclusion that the valuable
native tree P. falcatus can well regenerate within the
exotic E. saligna-tree plantation, and — appropriate forest
management given — even a new Podocarpus-forest may
be established (Feyera et al. 2002, Littge et al. 2003,
Fetene & Beck 2004).

Synecological ecophysiological fingerprinting
usngETR__ and PAR_, of light curves

In Brazil we performed asomewhat broader survey
of seven generalist and five specialist shrub and tree
species in arange of eight ecosystems marginal to the
Atlantic Forest which span from rather moist to rather
dry. The study was devoted to physiological synecology
and, in addition to measurements of light reactions of
photosynthesis, several other parameterswere assessed,
such as carbon and nitrogen levels, soluble carbon and
non-protein nitrogen compounds, stable carbon and
nitrogen isotope ratios, and the results are laid down in
five separate communications (Duarte et al. 2005,
Gefder et al. 2005 a,b, Scarano et al. 2005 ab). The
overal result of the study were the following general
patterns: (1) at theintra-specific level, ecophysiological

performance often —athough not always—varied largely
in both time and space; (2) at the interspecific level,
ecophysiological performancewas often—but not always
— related to species dominance in the community; and
(3) at both intra- and interspecific level, generalistsand
specialists did not form groups of similarly behaving
plantsin regard to ecophysiology (Scarano et al. 2005a).

Here we try to extract the ETR,, and PARg, data
from the LCs to develop a matrix of species and sites
or afingerprint of the synecol ogical situation with respect
to photosynthetic capacity. Thee ght boxesin the horizontd
direction (x-axis) in figure 4 are ecosystems from wet
todry, i.e.: (1) aswamp forest; (2) awet “restingd’; (3)
the first dune ridge of an intermediate “restinga’; (4) the
second dune ridge of an intermediate “restinga’; (5) a
dry “restinga’; (6) a dry dune forest; (7) an inselberg;
(8) a semideciduous dry forest.

The 12 vertical boxes(y-axis) infigure4 correspond
to seven generalist species (top) and 5 specialist species
(bottom). For simply evaluating the pattern obtained the
namesof theactual specieswould not matter. Nevertheless,
for clarity they are identified with some comments as
follows (from top to bottom in figure 4). Generalists
were: (1) Croton compressus Lam., (2) Rheedia
brasiliensis (Mart.) Planch & Triana; (3) Myrsine
parvifolia A. DC., a “restinga’ generalist; (4) Clusia
hilariana Schlecht.; (5) Clusia fluminensis Planch. et
Triana, (6) Clusia parvifolia Saldanha et Engl.; (7)
Andira legalis Vell. Toledo, a “restinga’ generalist.
Specialists were: (1) Calophyllum brasiliense Cambess,
a wetland specialist; (2) Syllingia dichotoma Muell.
Arg., aninselberg speciaist; (3) Machaeriumobovatum
Kuhlm. and Hoehne, adry forest specidist; (4) Caesalpinia
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Figure 4. LC-fingerprinting of generalist (G: upper panels) and specialist (S: lower panels) speciesin a gradient of wet to dry
ecosystemsand habitats (from left to right) marginal to the Atlantic Forest in Brazil. From light grey to black the boxesindicate
four different ranges of ETR,..and PAR,, respectively, as indicated below the panels. White boxes mean that there are not

entries. For details of species and sites see text.

echinata Lam., a dry forest specialist; (5) Caesalpinia
ferrea Mart. ex. Tul., a dry forest specialist.

A comment is required regarding C. brasiliense
whichisclassified correctly asawetland specialist here
but is distributed throughout the South-American
continent. Conversely, C. hilarianaisahabitat generalist
but geographically restricted to the States of Rio de
Janeiro and Espirito Santo of Brazil. This puts the
habitat-type classification made here into a contrast to
a possible geographical classification. However, what
appearsto matter in an attempt of habitat fingerprinting
is using generalist and specialist in terms of a broad
and narrow habitat-type preference, and thus, this
appearsto be an appropriate choice. The“fingerprinting”
boxes in figure 4 were then obtained by creating four
classifications of ETR,,,, and PAR,, each from the
origina LC data. Visudly inthe upper part of thediagram
of figure 4 (first four lines for species (1) to (4)) the
fingerprints suggest that superior performances were
most often found among the generalistsin intermediate
sitesalong thewet to dry gradient. Thisagreeswith what
one might expect intuitively, i.e. that generalists have

an intermediate optimum performance and get weaker
in their performance at the extremes.

Hence, they are generalists becausetheir ecological
optimum is rather broad. Conversely, species may
become generalists via plasticity, and a generalist plant
intermediate in phytosociological ranking in a given
vegetation may become highly abundant in another one
and devel op to adominant species, which may determine
ecosystem function. At this point, the dominant form of
the generalist can eventually turninto an ecotype which
isagenetically stable population (Turesson 1992, Kinzel
1982). Such species must show high performance in
rather different types of habitats as suggested by species
(5) to (7) inthelower part of the diagram for generalists
in figure 4. Thus, if a generalist species is a dominant
type may depend here on the site where it occurs, i.e.
either being restricted to its given optimum or to plastic
occupation of characteristically different habitats via
plasticity and eventually the generation of ecotypes.
Thesetwo different ways may also providetwo different
explanations of our conclusion (1) above, i.e. that there
was large spatiotemporal intra-specific variation in
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performance. Regarding the question of ecotypes,
molecular population analysiswill be essential (Tomiuk
et al. 2004). For a general overview, we think that
notwithstanding the still limited number of entriesfigure
4 aready shows the potential of LC based matrices.

The data base for the specialists is much smaller.
This is primarily due to the fact that specialists sensu
stricto have only entries in one box (one habitat).
Moreover, specialists were rarer than generalistsin our
sample. It may be a challenge though for further work,
to try and identify more specialists in awider array of
habitats and to obtain their LC signatures. So far it is
seen that the performance of the specialists tends to be
poorer than that of the generalists, which is not against
intuitive expectation as the specialists studied here are
restricted to the extreme habitats where environmental
constraints must limit quantitative performance especialy
inregard to drought. But qualitatively the speciadistshave
aniche and can compete successfully enough to sustain
their existence. Thus specidlists, e.g. species (3) and
(5) of the specidistsinfigure 4, are adapted to overcome
and in the habitats studied in figure 4, which arelargely
characterized by a lush vegetation with vigorous
interaction — by contrast to patchy plant growth in
environmentally extreme habitats—they may not become
dominant types. Conversely, specialists can become
dominant typesin lush vegetation. Onethen would expect
high performance in relation to conclusion (2) above,
i.e. that at the interspecific level often ecophysiological
performanceisrelated to species dominance, aspossibly
for species (1) and (2) in the matrix of figure 4.

Conclusion

Phenotypically expressed intrinsic photosynthetic
capacity, including photosynthetic rates, asrevealed e.g.
by L C cardinal points, remainsimportant in occupation
of habitatsby plantsand in acquisition of ecophysiologica
niches within habitats. We should not forget that even
small differences can matter in niche acquisition and
adaptive performance. Phenotypic plasticity itself can
be a genotypically anchored trait. This also pertains to
intra-specific responses of plantsto differently expressed
seasonal climatic conditions between different years,
and we should not discard this when evaluating
photosynthetic rates in relation to fithess. Thus, readily
obtained L Csand their cardinal pointsappear to bevery
useful quantitative physiological entriesin matricesfor
synecological ecophysiological fingerprinting allowing,
for example, to single out dominant plant typesasdiscussed

above using the example of ecosystems marginal to the
Atlantic Forest in Brazil.

Beyond this, for assessment of species function in
ecosystems there is aso a strong current trend to apply
functiona type (FT) classifications (Diaz et al. 2004).
Thisa so could benefit from ecophysologica fingerprinting.
FTsare non-phylogenetic classifications of plant species,
which follows functional or ecosystem traits (Shugart
1997). The term functional type is equivalent to
ecological guild or functional group (Wilson 1999). Some
of these groups are sometimes promptly detected (e.g.,
the group of nitrogen fixers in a forest is a functional
type), other timesthey can be atestable hypothesis(e.g.,
see Scarano 2002), but more often they require detailed
data gathering followed by species classifications built
up by multivariate analyses. Matrices are species lists
ony and alist of traits on x, for instance. Traits can be
either reproductive (sexua system, fecundity, dispersal
type, etc), phytosociological (abundance, geographic
distribution, habitat preference), ecophysiological
(photosynthetic mode, nitrogen fixation, leaf size), etc.,
and they can be either quantitative or qualitative (Pillar
& Sosinski Junior 2003). Cardinal points derived from
L Cscan bevery useful functional traitsto be considered
when building up functional classifications. They could
be good quantitative traits, perhaps even better than
photosynthetic rate, for instance.

If Darwinian fitness in ecosystem and habitat
performance is more than actual production of seeds and
if itisthe" species-individua” whichistheessentia entity
in macroevolution—asit isthe* organism-individua” in
microevolution — (Gould 2002), L C-matrices may add
useful information for devel oping further insights.
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