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ABSTRACT

This study compared the morphological and anatohieaations of the leaves of four shade-toleraeetspecies
Allophylus edulis (St.-Hil.) Radlk (Sapindaceaejs€aria sylvestris Sw. (Salicaceae), Cupania vésraambess.
(Sapindaceae) and Luehea divaricata Mart. (Malva)daom a fragment of Araucaria forest in two deyshental
stages. Morphological and anatomical traits, sucheaf and tissue thickness, leaf area, leaf drgsnapecific leaf
area, leaf density and stomata density were medsinoen 30 leaves of each developmental stage. Tbaqtypic
plasticity index was also calculated for each qitativve trait. The results showed that the four@pse presented
higher mean values for specific leaf area and spfpajisade parenchyma ratio at young stage, andhérignean
values for stomata density, total and palisade pahyma thickness in the adult stage. The plasticidex
demonstrated that L. divricata presented higheastidity for both the morphological and anatomitaits while
A. edulis displayed the lowest plasticity indexe Thsults of this study indicated that the leavethese species
exhibited distinct morphological traits at eachgtaof development to cope with acting environmeatzbrs.
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INTRODUCTION Light availability is considered the most limited
feature for the survival and growth of the plants
The tolerance of plants to shade is an importarfChazdon and Fetcher 1984; Chazdon 1988). In
paradigm to understand the successional procesdespical forests, only 2% of the canopy radiation
and the dynamic of tropical and temperate forestseaches the forest soil (Chazdon 1988; Clark et al.
(Poorter 2009). Although the knowledge about thd996). In ombrophyllous forests, this light
shade tolerance of the plants goes back to the 18tlgnamic can be critical for the growth and
century, there are still controversies about whadevelopment of the plant species tolerant to shade,
are the main morphological traits of tolerantfavoring the development of different strategies,
species (Niinemets 2006). The knowledge abouioth temporal and spatial for their survival (Bloor
the adaptations to shade conditions is baseshd Grubb 2004).
mainly on the development of seedlings and th&he hypothesis of carbon gain (Givnish 1988)
observed patterns are influenced by thalefines the shade tolerance of the plants as a
interspecific variation of seed size (Sack et almaximization of light capture and its use in
2006; Valladares and Niinemets 2008). photosynthesis due to minimization of breathing

"Author for correspondence: limafilhovieira@gmaihto

Braz. Arch. Biol. Technol. v.57 n.4: pp. 476-486lyJAug 2014



Morphological Plasticity of Tree Species 477

costs for survival. However, the tolerance to shadthe vertical light gradient are also important for
is associated to a large number of morphologicdbrest dynamic understanding (Klich 2000).
anatomical features and even though many planfthe morphological and anatomical differences
tolerate low light conditions, only a fraction of between the seedlings and adult stages are well-
them can reproduce under these conditionknown and include higher specific leaf mass,
(Valladares and Niinemets 2008). Plants that havewer leaf thickness and stomata density, and
greater morphological and anatomical adjustmerfewer layers of palisade parenchyma for the
to light conditions imposed by the environmentseedling stage. These characteristics increase the
have adaptive advantages, since the modificatiortapacity of light absorption at the expense of
can facilitate the exploration of new nichesphotosynthetic capacity and minimize carbon
resulting in an increase to light tolerance (Gratarlosses through respiration (Rijkers et al. 2000).

et al. 2006). However, as the seedlings grow toward the
Among the leaf morphological characteristics, leatanopy, light availability and abiotic conditions
area, dry matter, specific leaf area, stomatahange. This young stage is also very important
density, and blade thickness are considered thHer the plant growth due the investment to
most plastic features regarding light intensityconstruct and maintain the supporting tissues as
variation (Gould 1993; Klich 2000; Boeger et al.well the photosynthetic apparatus (Rijkers et al.
2004). Due to plasticity, these features ar®000). For the shade tolerant species, this stage
considered indicators of relative growth rateneeds to adjust their leaf morphology to maximize
(RGRyay (Garnier and Laurent 1994) and ofthe net carbon gain in low light (Valladares and
strategies of resource use (Vendramini et aNiinemets 2008).

2002). However, a crucial step towardsThe main objective of this study was to evaluate
understanding the ecological approaches the abocwmparatively the leaf morphology and anatomy
plasticity is a quantitative estimation of the filas of representative tree species in Mixed
changes induced by the environment (Valladare©mbrophylous Forest between two developmental
et al. 2006). stages. The hypothesis was that that the leaf
Accordingly, the phenotype-plasticity index structure of these species was similar within the
(Valladares et al. 2000) has been used by marsame stage, as they were influenced by the same
authors and is considered an important tool folocal abiotic conditions. That meant that
understanding the occurrence and survival of theegardless of phylogenetic relation between the
plant species in heterogeneous and variablgpecies, environmental conditions could
environments such as ombrophylous forestleterminate a morphological convergence.
(Balaguer et al. 2001; Gratani et al. 2003Seedling stage was omitted in this study, because
Valladares et al. 2006). it was a stage in which the development was more
Along a vertical gradient, the trees must gdnfluenced by the seed reserves than by the local
through a long way to reach canopy, facing anvironment conditions (Ibarra-Manrigquez et al.
range of abiotic conditions. Such conditions als@001).

vary according to forest type and successional

stage. Gaps, which represent an important

facilitator of natural regeneration, may not occurMATERIALSAND METHODS

Many individuals need adjustments to : ,
heterogeneous light conditions in understory and}eaves were gol!feccteq n 3 reg_marlt Olf Araudcarla
s exresed on leat mophoiogy (Ninemer %% e ot o T locaed o
2006). However, morphological variations in the 5°2p6’53”S and 49°14'26"W) Clj/ritiba Paranét
individuals the seedling and adult stages havi ’ '

been little explored. The existing studies aboat thState’ Brazil. This remnant has 15 ha in median to
leaf morphology versus vertical gradient have advanced stage of succession (Rondon Neto et al.
mainly investigated the seedlings and adul 002). The climate is classified as Cfb type, on

individuals comparatively (Rijkers et al. 2000; oppen’s cla35|f|cat|o_n t_hat means _humid
England and Attiwill 2006; Sanches et al. 2010)subtroplcal, mesothermic, with fresh summers and

However morphological  and anatomicalwmter with frequent frosts, without dry season

. . aack 1981). The soil type was classified as
adjustments that tree species develop to tranSpog\gmbisoil (Rondon Neto et al. 2002).
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The median temperature of Curitiba for 2009 wasollected and interpreted as simple leaves (Popma
17.9°C. The highest average temperature wasd Bongers 1988).

22.2°C in November, and the lowest averagdhe thickness of fresh leaves was measured with a
temperature was 12.5°C in June. The respectivtigital caliper and these data were used in leaf
annual means of humidity and precipitation weralensity calculation. Later, the same leaves were
81% and 1662 mm, respectively. Septembedried in the oven at 65°C, until constant weight
presented highest average precipitation (307.4nd the leaf dry weight (LDM, g) was estimated.
mm) and April presented the lowest value (4&or all the sampled leaves, the length (LL, mm)
mm) (Technological Institute SIMEPAR, PR) and width (LW, mm) were measured with digital

(Fig. 1). caliper and the ratio of the length/width were
calculated (LL/LW).
350 - - 200 The leaf area (LA, cf) was measured from the

L 175 images created with a flatbed scanner calibrated
1505 With Sigma Scan PRO software (version 5.0,
' 1»57  SPSS Inc., Chicago, IL, USA) and the specific
leaf area (SLA, cmg?’) estimated by the leaf
area/dry mass ratio. The leaf density (LD, g%m
was estimated by the following formula: LD =
SLM*1/TLT, where SLM = specific leaf mass (g
Eid cm?) and TLT = thickness. Stomata density (SD,
mnt) was determined from the clear nail polish
prints from the median region of epidermal
surface of leaves and leaflets, using light
Figure 1 - Climatic diagram of the city of Curitiba, PR, microscope with cou'ple_d' camera lucida. Two
year of 2009. Water period: Exceeding leaves from each _by individual were us_ed for the
and restitution/loss of water in the sallif). ~ anatomical analysis. Leaves were fixed in FAA 70
(Johansen 1940) and then conserved in ethanol

The light intensity of each stage was estimatefi’0%). The fixed samples were sectioned with
with a light meter Li-250A (LICOR, USA). Ten razor blade, clarified in sodium hypochlorite
measurements were made at noon during the plad0%), stained with toluidine blue (1%) and
collection in spring of 2009. The light mounted in glycerin and gelatin (Brito and
measurements were taken in the same directighquini 1996). In the transverse sections of the
than the lamina surface. median regions of the leaf laminas, adaxial
The shade-tolerant treesAllophylus edulis epidermis (DET, pm) and abaxial epidermis
Casearia sylvestrisCupania vernalisandLuehea (BET, pm), palisade parenchyma (PPT, pm),
divaricata were selected based on the importancgéPongy parenchyma (SPT, um) and total thickness
index (VI) and density of individuals (minimum (TLT, um) were measured. The spongy
of 10 individuals) on the studied area (RondorParenchyma/palisade parenchyma ratio (SPT/PPT)
Neto et al. 2002). For young stage, individuals uas also calculated. All the measurements were
to 2 m to 4 m high were selected. Individuals ovefade in optical microscope (Olympus CBB) with
8 m high were selected for adult stage. Totamicrometric ocular. The mean values and
height was measured for all the selectedespective standard deviations were calculated for
individuals, with graduate ruler. The diameter agll the quantitative variables of all species ithbo
the breast height (DAP) was measured in all ththe developmental stages. The interspecific
adult individuals (n = 10) and the diameter at th€omparison between the stages and species were
base stem height (DC) in all the young individual€rformed using a two-way ANOVA and the
(n = 15) with diametric meter. means were compared by Tukey’s test, with 5% of
Five and ten leaves, among 3° and 6° nodes froptgnificance using the software Statistica, version
the apex were collected from the most externaf-O (Statsoft Inc., USA). For all the species, the
part of the canopy from the young and adulPhenotypic plasticity index (IPensuvalladares
individual from each species. For compouncet al. 2000) was calculated, according to the

leaves A. edulisand C. vernalid, leaflets were following formula: IPF = (value of maximum
mean — value of minimum mean) /(value of
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maximum mean) for each morphological andTlhe two-way variance analysis showed that all the
anatomical quantitative trait. This index variedmorphological and anatomical traits were different
between zero to one. among the developmental stages and species,
excluding LL/LW ratio and SPT between the
RESULTS stages. Also, all f[he mor_phological and anat(_)mical
traits presented interaction among the species and

The highest mean height in the young stage wasages (Table 2), revealing significant differences
1.35 m, while in the adult stage, this was 10.55 ri{! their plasticity response to light intensity.

(Table 1). The highest mean diameter was 1.53 cfromparing the two stages of development, young-
in the young stage and 13.6 cm in the adult stagél@de leaves presented higher mean values of
The photosynthetic active radiation (PAR) varied-PM and LA (except. divaricataandA. edulig,
from 36.21+32.4 in the young stage to 73.6+22.8LA for all the species and LL and LL/LW ratio
umol ni? st in the adult stage, representing 1.6Pnly for C. vernalis.The SD and LD were higher

and 3.25% of the canopy radiation, respectively. N the adult stage for all the species, except D i
A. edulis(Table 3).

Table 1 - Mean values and respective standard-or the anatomical characteristics, SPT/PPT ratio
deviation of height (m) and stem diameter at base ayas highest for all the species in the young stage.
the stem (DC, cm) and/or at breast height (DAP,@M) The DET mean values were highest in the young
young (n = 15) and adult individuals (n = 10) 0éth gtaqe forC. sylvestrisand forL. divaricatain the

tree species studied. adult stage. In the adult stage, BET was highest

Traits A Sgﬁclilses Yf_lg;gfg %62 Ag_u;tl'i?a only for C. sylvestrisand SPT forL. divaricata
DAP/DC C.sylvestris 1.32+0.19 12.87 + 2.03 The mean values of PPT were highest in the adult

(cm) C.vernalis 157+0.15 10.38+1.07 Stage leaves for all the species, exokpedulis.

L. divaricata 1.16+0.32 13.57+1.73 The TLT was similar between the stages @r

A. edulis 1.35+0.22 7.70+x0.54 sylvestrisandC. vernalis and higher at adult stage
Height C. sylvestris 1.35+0.24 10.30+0.67 for A. edulisandL. divaricata(Table 4).

(m) C.vernalis 1.31+0.14 9.75%+0.26
L. divaricata 1.03+0.15 10.55+ 0.60

Table 2 - Two-way analysis of variance of morphologicatl@matomical traits.

F e (P)-values
Traits Developmental stages Species I nteraction
LDM (g) 21.823 (<0.0001) 272.026 (<0.0001) 163.840.0001)
LA (cm?) 34.365 (<0.0001) 306.924 (<0.0001) 68.947 (<01900
SLA (cm? g 1057.090 (<0.0001) 845.382 (<0.0001) 368.7300801)
LD (g cm®) 185.440 (<0.0001) 228.044 (<0.0001) 64.576 (<0190
LL (mm) 71.748 (<0.0001) 146.318 (<0.0001) 49.04Q2.0001)
LW (mm) 44.288 (<0.0001) 623.604 (<0.0001) 54.785.0001)
LL/LW ratio 0.754 (0.3856) n.s 288.586 (<0.0001) . (<0.0001)
SD (n° mm?) 820.574 (<0.0001) 263.407 (<0.0001) 5@9.(<0.0001)
TLT (um) 112.833 (<0.0001) 197.881 (<0.0001) 25.681.0001)
DET (um) 5.326 (0.0219) 62.556 (<0.0001) 50.000@e01)
BET (um) 13.587 (0.0003) 60.267 (<0.0001) 12.850@e01)
PPT (um) 508.368 (<0.0001) 20.569 (<0.0001) 17(8000001)
SPT (um) 0.005 (0.9417) n.s 353.684 (<0.0001) 1%5(856.0001)

SPT/PPT ratio 352.282 (<0.0001) 201.964 (<0.0001) 5.0 (<0.0001)
Legends: Leaf dry mass (LDM), leaf area (LA), sfiedeaf area (SLA), leaf density (LD), leaf lengthL), leaf width (LW),
stomata density (SD), total leaf thickness (TLTevdal epidermis thickness (DET), abaxial epiderthiskness (BET), palisade
parenchyma thickness (PPT), spongy parenchymarntissk (SPT). Significant differences by Tukey's t#%t0.05, n.s. not
significant).
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Table 3 - Mean values and respective standard deviatibiesad morphological traits of studied speciespirowo

developmental stages.

Species
Traits Stages A. edulis C. sylvestris C. vernalis L. divaricata
LDM (g) Younc 0.09 + 0.0° 0.17 +0.08 0.37 +0.0° 0.11 +0.0°
Adult 0.10 + 0.02 0.13+0.0° 0.27 +0.1° 0.36 £ 0.1
LA (cm?) Younc  25.55 +9.4° 26.39 + 4.6° 47.78 +9.8° 43.73 +11.9°
Adult 22.14 +5.8° 15.30 + 3.7° 29.35 +11.1° 57.29 + 19.5%
SLA (cm2¢Y)  Younc 274.34 +26.9° 155.78 + 17.9° 132.92 + 22.5° 393.24 + 66.4°
Adult  227.00 + 36.2° 120.16 +17.3" 113.02 + 15.8° 16426 + 38.4°
LD (g crr®) Young 0.69 + 0.2¢ 0.56 + 0.1° 0.50 + 0.0° 0.28 £ 0.0°
Adult 0.61 +0.1° 0.73+0.0° 0.66 +0.12 0.48 + 0.0°
LL (mm) Younc  118.58 +26.0° 99.08 +9.9° 146.55 + 18.5° 123.66 + 18.6°
Adult  108.21 +17.1° 84.60 + 11.3° 108.63 + 22.3" 136.32 + 24 .5°
LW (mm) Younc  40.14 + 6.6° 39.98 +3.3° 44.85+ 4.9° 60.12 +9.1°
Adult 38.34+4.9° 27.52 + 3.5° 37.81+6.4° 66.78 + 12.7°
LL/LW ratio Younc 2.95 +0.3° 2.48 +0.2° 3.29+0.4° 2.08+0.2¢
Adult 2.83140.3% 3.10+0.3° 2.88 +0.3F 2.07 +0.3¢°
SD (n°mm?  Younc 219.39+32.4°  389.09 + 96.0° 465.15 +74.1° 366.06 + 54.8°
Adult  382.27+65.0° 725.45+1254° 62750+ 113.2° 571.82 +122.9°

Legends: Leaf dry mass (LDM), leaf area (LA), sfiedeaf area (SLA), leaf density (LD), leaf lengthL), leaf width (LW),
stomata density (SD). Different letters represégrificant differences between stages by Tukeyss (£<0.05).

Table 4 - Mean values and respective standard deviatibreab anatomical traits of studied species, fromo t

developmental stages.

: Species
Traits Stages A. edulis C. sylvestris C.vernalis L. divaricata
TLT (um) Young 84.24 +9.55 141.38 +14.88  107.58 + 7.00 61.30 + 5.47
Adult 98.42 + 18.58 14541 +19.49  121.61+14.79 108.90 + 18.98
DET (um) Young 16.03 + 1.77 19.50 + 0.00 19.50 + 0.00 17.02 +1.84
Adult 16.03 + 2.02 15.41 + 1.40 21.70 + 2.87 21.21 +3.08
BET (um) Young 12.46 +1.81 9.75 + 0.00 9.75 + 0.00 8.39 + 1.66
Adult 10.48 + 1.40 10.61 +1.28 8.39 +1.66 8.26 + 1.59
PPT (um) Young 22.08+3.15 22.10+4.39 29.90 + 2.47 13.07 + 1.88
Adult 36.38 +8.91 43.29 + 8.20 44.89 +10.85 43.78 £9.27
SPT (um) Young 33.79 £ 6.92 89.05 + 13.9% 48.10 + 6.22 23.06 + 3.59
Adult 35.52 +10.49 76.10 + 13.58 46.62 + 8.61 35.40 + 10.8%
SPT/PPT ratio Young 1.55 + 036 4.17 +0.98 1.62+0.24 1.79+0.32
Adult 0.99 +0.22 1.80 + 0.38 1.12 +0.43 0.82+0.24

Legends: Total leaf thickness (TLT), adaxial epier thickness (DET), abaxial epidermis thickness TBEpalisade
parenchyma thickness (PPT), spongy parenchyma (Ihffgrent letters represent significant differescbetween stages by

Tukey’s test (P<0.05).

There was a predominance of one layer of palisadend H). Adult stage ofC. vernalis and L.

parenchyma in the young stage (Figs. 2 A, C, Hivaricata presented spongy parenchyma more
and G), while in the adult stage, the number ofompacted (Figs. 2 F and H).

layers varied between one and two layers (Figs. 2 divaricata had the highest IPF, including both
B, D, F and H). The spongy parenchyma in theéhe morphological and anatomical traiés. edulis
young stage varied from two to five layers (Figs. Zhowed the lowest IPF for the morphological
A, C, E and G). In the adult stage, this tissueharacteristics an€. vernalisfor the anatomical
varied from three to nine layers (Figs. 2 B, D, Fcharacteristics (Table 5).
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Figure 2 - Leaf transverse sections of species studiedindevelopmental stages. Young (A, C, E,
G) and adult stages (B, D, F, Hllophylus edulis(A, B), Caseariasylvestris(C, D),
Cupania vernalis(E, F) andLuehea divaricata(G, H). (de = adaxial epidermis; be =
abaxial epidermis; pp = palisade parenchyma; spongy parenchyma; cvm = cavity in
the mesophyll; St = stomata; Gt = glandular trickpmqmc = monocrystals of calcium
oxalate; vb = vascular bundles). Bar = 50 um.
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Table 5 - Phenotypic plasticity index (IPF) of edulis.The higher leaf density in this stage seemed
morphological and anatomical traits of the fourdstd  to be defined mainly by the leaf thickness,

Species. _ especially inC. vernalisandL. divaricataleaves.
Traits A o Spec'ces 3 In the latter, leaf density was doubled in the adul
edulis Sylve'stris vernalis  divaricata stage, according to observed significant thickness
LDM (g) 0.10 024 027 0.69 raise (54%).
LA (cm®) 0.13 0.42 0.39 0.24 The simultaneous increase in the leaf density and
SLA (cm2g") 0.17 0.23 0.15 0.58 thickness might cause modifications on the leaf
LD(gem’) 012 023 024 0.42 anatomy, leading to limitation of gases diffusion
t\LN(Tmng) g'gi (c))éi g'ig 8'2% into the blade (Niinemets 1999). As light becomes
LL/LW ratic  0.04 0.20 012 0.00 more available, th(aT leaves tend to |_oroduce sme_lller
IPF mean 010 025  0.23 0.30 leaf surfaces and increment the thickness (mainly
SD (n"°mm2)  0.43 0.49 0.26 0.36 the palisade parenchyma) for a more efficient
TLT (um) 0.14 0.03 0.12 0.44 canalized light capture (Hanba et al. 2002; LSaku
DET (um) 0.00 021 010 0.20 et al. 2006; Sanches et al. 2010).
BET (km) 016 008  0.14 002 gL A and stomata density followed the expected
gg Eﬁmg 8:32 8:‘112 8:32 8:;? trend and thgy were the 'onIy variables, which
SPT/PPT ratic  0.36 0.57 0.31 0.54 shov_ved the hlgher vaIL_Jes in the young stages for
IPF mean 0.22 0.29 0.18 0.37 studied species. The high SLA values (> 130 cm?

Legends: Leaf dry mass (LDM), leaf area (LA), sfiedeaf area g'l) in the young stage indicated a higher

(SLA), leaf density (LD), leaf length (LL), leaf dth (LW),  jnyestment in the photosynthetic tissues regarding
stomata density (SD), total leaf thickness (TLT)daxsal

epidermis thickness (DET), abaxial epidermis theds (BET), the mechanical tlss_ues, since the_se spemgs_ Wer_e n
palisade parenchyma thickness (PPT), spongy payerch growth stage, seeking for better light conditioms i
thickness (SPT). the canopy or close to it (Poorter 1999; Boeger et
al. 2006; England and Attiwill 2006).

The young stage leaves presented lower stomata
density than the adult stage leaves per area unit
. probably due to more xeric conditions of the layer
The results supported only partially thenear the canopy. The higher number of stomata per

morphological premises dgscrlbed for theunit of area in the adult stage leaves compensated
understory plants, including thin leaves with Iowerthe shorter time the stomata were open due to

dry matter and stomata density, higher leaf arégy o \water stress in this layer (Pearcy et al.

and specific leaf area, when compared to canoPynos: Sanches et aR010). However, stomata

leaves or the plants with higher light availability ye iy seemed to be an inherent characteristic of
(Givnish 1988; Popma and Bongers 1988; Y ! isti

. “all the studied species, not selected by the
Valladares et aI.ZOO?, _J(_)_hnson et al. 2005; environmental pressures. In the adult stagé\.
Rozendaal et al. 2006; Kitajima and Poorter 2010)5du|is,the mean values of stomata density were

The dry matter did not follow the expected pattern

) imilar to stomata average in the young leaves
because young stage leaves presented higher ‘?Féfm other studied specie€£.( sylvestrisand L.
matter than the adult stage leaves, except

divari The d v infl ddivaricata).

|va'r|cata € dy ma“ef was mainly Influenced r,q palisade parenchyma thickness varied more
by higher leaf areas in the undt_erstory Iea\(esl,yhke than spongy parenchyma between the stages, as
be;cause Iarggr leaf su'rfa(‘fe.:s In the environMen(g,served in the ratio spongy/palisade parenchyma.
with — lower .“ght qvallab|l|ty maximized the In the adult stage, two specieA. (edulisand L.
capture of diffused light in the forest (Va”adaresdivaricata) showed a ratio <1, due to an expressive

et al. 2002; Panditharathna et al. 2008; Va“adare&alisade parenchyma increment in the adult stage,

and Niinemets 2008). . mainly in L. divaricata (44%), as observed in
The lower leaf areas and dry matters d'q noE)ther studies (Vogelmann et d996; Cao 2000;

¥ ee et al. 2000; Hanba et al. 2002; Sanches et al.
the relationship among the dry matter, leaf areg

10).
. . : expected, every species showed a
and thickness (Witkowski and Lamont 1991), wag lisad h tio >1 in th
higher for every adult-stage species, excApt pongy/palisade parenchyma ratio n the young

stages. This result indicated the importance of

DISCUSSION

adult stage leaves. Leaf density, which represent
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spongy parenchyma in diffused light capturingmorphological adjustments to light conditions in
process in understory. In the environments witleach stratum.

lower light availability, as in the forest, a thark

spongy parenchyma becomes an advantage to

capture the diffused light due to irregular cellCONCLUSIONS

shape (Vogelmann et dl996).

The ombrophylous forests are highlyThe results supported partially the previous
heterogeneous Concerning solar radiationf;indings described for the understory plants relate
therefore, the plants are under different lighto leaf morphology: large leaf area, low dry
intensity along the day and the seasons (Pear&jatter, specific leaf area and stomata density, and
2007). This environment complexity regarding thethin blade. Among the analyzed morphological
|uminosity seemed to create a mosaic oﬁnd anatomical traits, the leaf thickness, dry
morpho|ogica| and anatomical responseénatter, stomata density, leaf area, and SpeC'Eﬂib le
throughout a light gradient, evidenced by plasticit area fitted the expected pattern for the youngestag
indices values. plants. For the adult stage leaves, leaf area and
The plasticity indices (IPF) (sensu Valladaresl.et astomata density for some species did not follow
2006) were higher to anatomical characteristiche previous reports. This variation among the
but in C. vernalis which had higher IPF values to Species and stages appeared to be a response to the
the morphological characteristics. The attributdighly heterogeneity of environmental conditions,
that most contributed to higher IPF values for th@specially irradiation in the forest along the day
anatomical characteristics, besides stomat@nd seasons. The complex environment regarding
density, was the thickness of the palisadéo light creates a mosaic of leaves with different
parenchyma and, consequently, the SP/PP ratiiorphological and anatomical responses. The
Markesteijn et al. (2007) found similar results toplasticity index showed this mosaic, especially for
IPF values for 43 species of dry tropical Forest. the anatomical characteristics. These traits have
Among the morphological characteristics, leaf areBigher index values than the morphological ones,
(in C. sylvestrisand C. vernali§ and specific leaf indicating that the leaf anatomy is more light
area (inA. edulisand L. divaricaty presented dependent than the leaf morphology. The observed
higher IPF values. These results corroborated withlastic responses have important ecological
other studies suggesting that depending on tH&€anings, such as niche occupation differentiation
environmental factors, some characteristics wer® coexistent plant species and successional
more plastic than others (Valladares et2400; dynamics.

Gratani et al. 2006; Rozendaal et al. 2006). The

leaf area, specific leaf area, stomata density and

tissues thickness are dependent of light intensit‘QCKOV\”-EDG‘EMENTS

and relative air humidity variations (Cao 2000; .

Lee et al. 2000; Hanba et al. 2002) due td he a_uthors are grateful to “Coqrdenagao_de
necessary adjustments on leaf structure to keep tA@erfeicoamento de Pessoal de Nivel Superior”
balance between the water losses via respiratidAPES) for scholarship to the first author; to
and carbon gains via photosynthesis (GivnishConselho — Nacional ~ de  Desenvolvimento
1988). Cientifico e Tecnoldgico” (CNPq) for financial
The plastic responses, measured by IPF, haw!Pport (process n°. 470556/2009-9) and the
important implications concerning the ecologicalProductivity fellowship to the second author
dynamics, providing evidences of adaptation an§Process n°. 309386/2007-1).

niche occupation differentiation in coexisting fdlan
species (Xu et al. 2009). Furthermore, thes
responses also enable to identify the tendencies

successional processes. The studied species Saguer L, Martinez-Ferri E, Valladares F, Pérez-

classified as early secpndary (Vaccgro etal. 199 'Corona E, Baquedano FJ, Castillo FJ, Manrique E.
Santos et a004) that is, they settle in the shaded p,pyjation divergence in the plasticity of the

environments but could benefit from the clearing response of Quercus coccifera to  the light
gaps. For this, they must have higher capacity to environmentFunct Ecol 2001; 15: 124-135.
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