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Abstract 
Seasonally Dry Tropical Forests experience pronounced precipitation seasonality, intense solar radiation, 
and high temperatures, which often translate into high levels of deciduousness during the dry season. In 
these environments, deciduous species coexist with some evergreen species that are able to maintain their 
canopy leaves throughout the dry season. To understand the strategies behind this behavior, we analyzed 
leaf anatomical traits of 13 individuals of Sarcomphalus joazeiro during both the wet and dry seasons in a 
seasonal deciduous forest. We hypothesized that wet-season leaves would differ anatomically and functionally 
from dry-season leaves. Specifically, we expected wet-season leaves to show a more acquisitive resource-
use strategy compared to dry-season leaves, which we expected to be more conservative. We assessed the 
effects of season and climatic variables on 25 leaf anatomical traits using generalized linear mixed models 
(LMM). Leaf traits varied between the wet and dry seasons and interacted with climatic variables, which 
together suggest that S. joazeiro produces season-specific leaf cohorts. This adaptation allows the species to 
adjust to the contrasting conditions of light intensity, temperature, and evaporative demand in each season.
Key words: acquisitive/conservative tradeoff, Caatinga Domain, functional traits, leaf anatomy, Seasonally 
Dry Tropical Forests.

Resumo 
As Florestas Tropicais Sazonalmente Secas apresentam sazonalidade pronunciada de precipitação, intensa radiação 
solar e altas temperaturas, que muitas vezes se traduzem em altos níveis de deciduidade durante a estação seca. 
Nestes ambientes, espécies caducifólias coexistem com algumas espécies perenes que conseguem manter as folhas 
do dossel durante toda a estação seca. Para entender as estratégias por trás desse comportamento, analisamos 
características anatômicas foliares de 13 indivíduos de Sarcomphalus joazeiro durante as estações chuvosa e seca 
em uma floresta estacional decídua. Nossa hipótese é que as folhas da estação chuvosa seriam diferentes anatômica 
e funcionalmente das folhas da estação seca. Especificamente, esperávamos que as folhas da estação chuvosa 
apresentassem uma estratégia de utilização de recursos mais aquisitiva em comparação com as folhas da estação 
seca, que esperávamos que fossem mais conservativas. Avaliamos os efeitos da estação e das variáveis ​​climáticas 
em 25 características anatômicas foliares usando modelos lineares mistos generalizados (LMM). As características 
foliares variaram entre as estações chuvosa e seca e interagiram com variáveis ​​climáticas, que juntos sugerem que 
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Introduction
Seasonally Dry Tropical Forests (SDTF) 

can be described as a heterogeneous set of forest 
formations that receive less than 1,800 mm of 
highly seasonal rainfall annually (Pennington et al. 
2009; Dryflor et al. 2016; Allen et al. 2017). These 
forests occur in disjunct nuclei across different 
phytogeographic domains in areas of highly fertile 
calcareous soils, ranging from shrub-dominated 
physiognomies in the most xeric areas, where the 
dry season is longer than six months, to relatively 
tall forests in the most humid and fertile areas 
(Santos et al. 2012; Dexter et al. 2015; Allen et al. 
2017). The proportion of canopy deciduousness in 
SDTFs also responds to this precipitation gradient, 
whereby semideciduous seasonal forests occur 
in the regions with the highest precipitation and 
deciduous seasonal forests, in the driest regions 
(Pennington et al. 2009; Apgaua et al. 2014).

Among the different SDTF physiognomies, 
Deciduous Seasonal Forests (DSF) exhibit the 
highest proportion of canopy deciduousness during 
the dry season. These forests occur in regions with 
highly fertile soils, strong precipitation seasonality, 
strong solar radiation, and high temperatures 
(Santos et al. 2012; Apgaua et al. 2014; Terra et 
al. 2018). In Brazil, this formation predominates in 
the Caatingas Phytogeographic Domain (Santos et 
al. 2012), where environmental filtering imposes 
strong selective pressure (Gianasi et al. 2020). 

During drought, a high vapor pressure 
deficit induces stomatal closure to avoid water 
loss by transpiration, which consequently reduces 
photosynthesis and increases the carbon cost 
of leaf maintenance, rendering deciduousness 
advantageous to the plant (Vico et al. 2017). 
However, some evergreen species that preserve 
most of their canopy cover during the dry season 
(i.e., less than 10% of leaf loss) are able to coexist 
with deciduous species even in these highly 
seasonal environments (Eamus 1999; Silva et al. 
2004; Loiola et al. 2012; Souza et al. 2015). While 
deciduous species prevent drought by shedding 
leaves and transpiring at negligible rates during 
this period, evergreen species tolerate drought by 
changing anatomical/functional traits, enabling the 

maintenance of leaf transpiration throughout the 
year (Eamus 1999; Souza et al. 2015).

The coexistence of evergreen and deciduous 
species in seasonally dry forests is rarely explored 
in the literature (Eamus 1999; Tomlinson et al. 
2013; Souza et al. 2015). Compared to their 
deciduous counterparts, evergreen species tend to 
produce more durable leaves with a less efficient 
photosynthetic machinery that require a higher 
carbon investment, a cost that is offset throughout 
the year by the maintenance of photosynthetic 
activity year-round (Pringle et al. 2011; Tomlinson 
et al. 2013; for more details on the leaf economic 
spectrum, see Wright et al. 2004).

Because evergreen species endure seasonal 
water deficit while maintaining leaf cover during 
the dry season, their water use strategy is considered 
more conservative than that of deciduous species 
(Tomlinson et al. 2013; Lohbeck et al. 2015; Vico 
et al. 2017). Indeed, leaves from plants occurring 
under conditions of high insolation, low water 
availability, and high temperatures (Santos et al. 
2012; Terra et al. 2018) tend to display effective 
mechanisms to maintain leaf function in the face 
of this specific combination of stresses. These 
include a series of conservative anatomical and 
physiological adjustments that improve plant water 
balance and water use efficiency (Eamus 1999; 
Gratani & Bombelli 2000; Rossatto & Kolb 2009; 
Mendes et al. 2017; Silva et al. 2018; Holanda et 
al. 2019).

However, little is known about anatomical 
trait variation of evergreen species through dry and 
wet season cycles in water-limited but nutrient-
rich SDTFs. Do these species have conservative 
leaves that remain throughout the year regardless 
of season, as was found for evergreen species 
associated with other environments (Pringle et 
al. 2011; Tomlinson et al. 2013; Lohbeck et al. 
2015; Vico et al. 2017)? Or do they produce a 
new set of leaves at every transition between dry 
and wet seasons, (i.e., distinct leaf cohorts)? If 
distinct leaf cohorts are produced, how do they 
compare anatomically and functionally? How do 
leaf anatomical and functional traits respond to the 
most limiting environmental conditions of SDTFs 
(insolation, temperature, and precipitation)?

S. joazeiro produz coortes de folhas específicas para a estação. Esta adaptação permite que a espécieajuste-se às 
condições contrastantes de intensidade de luz, temperatura e demanda evaporativa em cada estação.
Palavras-chave: tradeoff aquisitivo/conservativo, Domínio da Caatinga, características funcionais, anatomia 
foliar, Florestas Tropicais Sazonalmente secas.
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Here, we focus on an evergreen tree species 
common in deciduous forests and endemic to 
the Caatinga Domain, Sarcomphalus joazeiro 
(Mart.) Hauenshild (Rhamnaceae). This is an 
emblematic Caatinga species regarded for its 
ecological importance as a source of shelter 
and food for wildlife and for the maintenance 
of important ecosystem services during the dry 
season (Nadia et al. 2007; Diógenes et al. 2010; 
Dantas et al. 2014). Despite its high ecological 
importance and being one of the few evergreen 
plants in Caatinga deciduous forests, no published 
studies have characterized the morphological 
or anatomical adaptations behind this species’ 
ecological strategies. How environmental variables 
influence leaf anatomical traits of evergreen 
species occurring in deciduous forests remains to 
be explained.

T h i s  s t u d y  a i m s  t o  ( 1 )  d e s c r i b e 
morphoanatomical and functional adaptations 
displayed in the dry and the wet seasons by an 
evergreen species endemic to Deciduous Seasonal 
Forests and (2) search for correlations between 
these adaptations and climatic variables. We 
hypothesize that S. joazeiro produces two well-
defined leaf cohorts in response to seasonality, 
reflecting changes in leaf-level resource use and 
acquisition strategies. Based on this hypothesis, we 
predicted that (1) the leaves produced in the wet 
season are anatomically and functionally different 
from those produced in the dry season, and that 
(2) wet-season leaves display a more acquisitive 
resource-use strategy than dry-season leaves, which 
are expected to be more conservative.

Materials and Methods
Study area
Leaf samples were collected in Juvenília, 

northern Minas Gerais, Brazil, at coordinates 
14°28’15.45”S and 44°10’21.57”W, and at an 
altitude of 542 meters above sea level. The soil in 
the area is classified as eutrophic litolic neossolo 
(RLe) (Embrapa 2006). The area is covered by 
Deciduous Seasonal Forests of the Caatinga 
Domain as classified by Brazil’s official vegetation 
classification system (IBGE 2012). According 
to historical data from the last 26 years from a 
meteorological station located in Januária, Minas 
Gerais state (OMM: 83386), the period with the 
highest precipitation in the region is comprised 
between November and March (wet season) and 
the period with lowest precipitation, between April 
and October (dry season). The average temperature 

is 25 ºC, with high insolation between July and 
August and low relative humidity between August 
and October. The climate of the region is classified 
as As (tropical with dry summers) in the Köppen-
Geiger classification system (Alvares et al. 2013; 
INMET 2016).

Species description
Sarcomphalus joazeiro, popularly known as 

“juazeiro”, is an endemic species of the Deciduous 
Seasonal Forests of the Caatinga Domain, located 
in the hinterlands of northeastern Brazil and 
northern Minas Gerais state (Prado & Gibbs 1993; 
Oliveira-Filho 2006). S. joazeiro’s leaves have 
diagnostic features, including three main visible 
ribs starting from the base toward the leaf blade, 
an elliptical shape, a semi-leathery texture, and a 
size ranging from 3 to 7 cm in length. The species 
produces yellow-green flowers grouped in small, 
cymose inflorescences, and globose drupe-type 
fruits with a trilocular, indehiscent structure. 
The fruits are yellowish, with a large endocarp 
covered by a mucilaginous, white, and sweet pulp 
(Lima 2001). Two vouchers were deposited at the 
Herbarium ESAL of the Universidade Federal de 
Lavras under numbers 24199 and 24200.

Anatomical samples
To evaluate the effects of seasonality on S. 

joazeiro’s leaves, we collected healthy, expanded 
leaves below the fourth branch node from 13 adult 
individuals of S. joazeiro in two seasons: wet in 
January 2015 and dry in October 2015. Six leaves 
per tree were collected in each season, packed 
in plastic containers, and fixed in 70% ethanol. 
Paradermal sections were made on both sides 
of the leaf through dissociation, which involves 
the separation of leaf tissues using a solution of 
hydrogen peroxide and acetic acid (1:1) at 60 ºC 
for 48 hours. After this process, the fragments were 
washed with 50% ethanol, stained with Safranin 
1%, and mounted in an aqueous medium with 
50% glycerin between the slide and cover slip 
(Franklin 1945; Kraus & Arduin 1997). Fragments 
of approximately 1 cm2 taken from the central 
region of the leaves were used for transverse 
sections. These fragments were dehydrated in 
increasing concentrations of ethanol (70, 80, 90, 
and 100%). This material was immersed for 24 
hours in a pre-infiltration solution composed of 
100% ethanol and base resin (1:1), as per the 
manufacturer’s instructions (Historesina Leica 
kit). For polymerization, the Historesin kit (Leica® 
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hydroxy-methyl methacrylate) was used, and after 
this process, the samples were sectioned using a 
semiautomatic microtome. The sections of about 
9 µm were stained with 0.05% Toluidine Blue 
pH 4.7 (O’Brien et al. 1964), and the slides were 
mounted in a medium with stained glass varnish 
between the slide and cover slip. All samples were 
photographed using a ZEISS® optical microscope 
(model Axio Lab. A1), with an attached digital 
camera (Axio Cam ERc5s), and with the aid 
of the image analysis software ImageJ®. One 
paradermal slide and one cross-sectional slide from 
each leaf were produced for analysis. From each 
slide, 5 photographs were taken and measured. 
All anatomical variables measured and their 
biological meanings can be consulted in Tab. S1 
(available on supplementary material <10.6084/
m9.figshare.26932432>).

Climatic data
We obtained the climatic variables used in 

the analyses from the historical database of the 
National Institute of Meteorology (INMET 2018). 
We used data from the weather station closest 
to the collection site (50 km; OMM: 83408), 
which has been active since 12/01/1927 and is 
located in Carinhanha, Bahia state. We selected 
four ecologically relevant climatic variables with 
the largest time series available (40 years; 1978-
2018): average relative humidity (UMID), average 
total insolation (MIT), average total precipitation 
(PREC), and average compensated temperature 
(TCOMP). Climate seasonality is presented in 
Figure 1.

Data analysis
We fitted linear mixed models (LMM) to 

evaluate the effects of seasonal (categorical) 
variables (month) on leaf anatomical variables 
(described in Tab. S1, available on supplementary 
material <10.6084/m9.figshare.26932432>). The 
“lmer” function (Bates et al. 2015) of the “lme4” 
package was used to obtain the models and to assess 
statistical significance (Kuznetsova et al. 2017). 
One model was generated for each anatomical 
variable, totaling 21 models. The tree individuals 
were included as a random factor to deal with the 
dependence between within-tree observations. 
Type II Wald chi-square test was used to determine 
the validity of each fitted model against the null 
model. The “MuMIn” package (Bartón 2018) 
was used for R2 calculation. All analyses were 
performed in R version 4.3.3 (R Core Team 2024).

Results
Leaf anatomy
The individuals of Sarcomphalus joazeiro 

exhibited significant variations in all leaf anatomical 
traits analyzed between the wet and dry seasons 
(January and October, respectively), except for 
hypodermis thickness. The analyzed leaves had 
a rounded shape with significantly larger leaf 
areas in the wet season. The average numbers of 
adaxial and abaxial epidermal cells were higher 
in the dry season (Fig. 2a-b). The leaves were 
hypostomatic with tiny anomocytic stomata (Fig. 
2c) located close to the ribs. Stomatal density, 
mean stomatal diameter and stomatal index were 
significantly higher in the wet season compared to 
the dry season (Fig. 2c-d). Trichomes were found 
on both leaf surfaces, with higher average density 
on the adaxial surface in the wet season and on the 
abaxial surface in the dry season. The thickness of 
both adaxial and abaxial cuticles was also greater 
in dry-season leaves (Fig. 3a-b). The adaxial and 
abaxial epidermises were uniseriate and thicker in 
wet-season leaves. The species displayed uniseriate 
hypodermis just below the adaxial epidermis, 
without significant differences between wet and dry 
seasons. The leaf blade was thicker in dry-season 
leaves. The dorsiventral mesophyll of S. joazeiro 
leaves presented palisade mesophyll with only 
one layer and spongy mesophyll (Fig. 3b) with 
idioblasts, prismatic oxalate crystals, and three to 
four cell layers (Fig. 3a-b). The average midrib 
area was larger in the wet season, with vascular 
bundles showing fiber caps, xylem internal to 

Figure 1 – Climate seasonality. Historical data (1978–
2018) of four climatic variables: MIT = average total 
insolation; PREC = average total precipitation; TCOMP 
= average compensated temperature; UMID = average 
relative humidity.
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the phloem, and the presence of idioblasts with 
prismatic oxalate crystals. The average number of 
vessel elements, average xylem area, and average 
phloem area were also higher in the wet season. 
The lamellar-type collenchyma, with four to five 
cell layers, was restricted to just below the adaxial 
and abaxial epidermises of the central vein. The 
average adaxial and abaxial collenchyma area 
and the average diameter of vessel elements were 
greater during the wet season (Fig. 3c-d).

Effect of seasonality on leaf anatomy
The historical climate data of the region (Fig. 

1) indicates intense seasonality between January 
and October. January has a much higher average 
total precipitation and relative humidity, while 
October has a higher average total insolation. 
Accordingly, all anatomical variables analyzed, 
except for hypodermis thickness, also varied 
significantly between January and October (Tab. 

S2, available on supplementary material <10.6084/
m9.figshare.26932432>). These results indicate 
that the region’s strong climatic seasonality has 
an important effect on Sarcomphalus joazeiro’s 
leaf anatomy.

The following anatomical traits had higher 
values in the leaves collected in January (i.e., wet 
season): abaxial collenchyma area (ACOAB), 
adaxial collenchyma area (ACOAD), leaf area 
(af) (Fig. 4a), phloem area (Aflo) (Fig. 4b), midrib 
area (AN), xylem area (AX) (Fig. 4c), abaxial 
cuticle thickness (CAB), diameter of xylem vessel 
elements (DEVX), stomatal diameter (DME) (Fig. 
4d), abaxial and adaxial numbers of epidermal cells 
(EPAB and EPAD) and number of xylem vessel 
elements (NEVX).

The following anatomical traits had higher 
values in the leaves collected in October (i.e., dry 
season): abaxial epidermis thickness (CEAB) (Fig. 
5a), adaxial epidermis thickness (CEAD) (Fig. 5b), 

Figure 2 – a-d. Paradermal sections of Sarcomphalus joazeiro leaves – a. adaxial epidermal cells of wet-season 
leaves; b. adaxial epidermal cells of dry-season leaves; c. abaxial epidermal cells of wet-season leaves; d. abaxial 
epidermal cells of dry-season leaves. The arrow indicates epidermal cells (ce) and stomata (es). Scale bar = 50 µm.

a b

c d
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adaxial cuticle thickness (CAD) (Fig. 5c), stomatal 
density (EAB) (Fig. 5d), leaf thickness (ETL) (Fig. 
6a), trichomes on abaxial surface cells (TAB) (Fig. 
6b), spongy parenchyma thickness (TE) (Fig. 6c) 
and palisade parenchyma thickness (TP) (Fig. 6d).

Discussion
Our results suggest that Sarcomphalus 

joazeiro produces two well-defined leaf cohorts 
in response to seasonality, reflecting changes in 
leaf-level resource use and acquisition strategies. 
Leaves produced in the wet season are anatomically 
and functionally more acquisitive compared to 
those produced in the dry season.

Functional and anatomical leaf traits, 
including those involved in phenology and leaf 
longevity, can serve as a proxy for the ecological 
strategies of plants (Jonasson 1989; Kikuzawa 
1995; Eamus 1999; Givnish 2002; Westoby 

et al. 2004). Leaf longevity is closely tied to 
photosynthetic capacity, integrates ecological 
processes, and reflects responses to environmental 
factors such as solar radiation, nutrient availability, 
and drought (Gratani & Bombelli 2000). The results 
from S. joazeiro indicate that evergreen species 
in water-limited but nutrient-rich environments 
produce relatively shorter-lived leaves compared 
to evergreen species in seasonal environments with 
less fertile soils.

Cerrado savannas adjacent to the Caatinga 
region also experience seasonal droughts, but other 
environmental factors, such as low soil fertility 
and natural fires, play an additional role in the 
physiological and morphological traits of Cerrado 
plants (Bieras & Sajo 2009; Cianciaruso et al. 
2013; Souza et al. 2015; Miatto et al. 2016). Even 
under these conditions, coexisting evergreen and 
deciduous tree species show similar photosynthetic 

Figure 3 – a-d. Cross-sections of Sarcomphalus joazeiro leaves – a. mesophyll of wet-season leaves; b. mesophyll 
of dry-season leaves; c. midrib of wet-season leaves; d. midrib of dry-season leaves. (cu ad = adaxial cuticle; h = 
hypodermis; d = druses; ep ad = adaxial epidermis; pp = palisade parenchyma; pe = spongy parenchyma; cu = abaxial 
cuticle; ep = abaxial epidermis; co ad = adaxial collenchyma; coab = abaxial collenchyma; fo = phloem; x = xylem; 
t = trichomes). Scale bar = 100 µm.

a b

c d
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Figure 4 – a-d. Boxplots showing the variation in Sarcomphalus joazeiro’s leaf anatomical variables in two different 
months (January and February). All variables showed significant differences between months – a. leaf area; b. phloem 
area; c. xylem area; d. stomatal diameter. (af = leaf area; Aflor = phloem area; AX = xylem area; DME = stomatal 
diameter).

Figure 5 – a-d. Boxplots showing the variation in Sarcomphalus joazeiro’s leaf anatomical variables in two different 
months (January and February). All variables showed significant differences between months – a. abaxial epidermis 
thickness; b. adaxial epidermis thickness; c. adaxial cuticle thickness; d. stomatal density. (CEAB = abaxial epidermis 
thickness; CEAD = adaxial epidermis thickness; CAD = adaxial cuticle thickness; EAB = stomatal density).

a b

c d

a b

c d



Gianasi FM et al.8 of 11

Rodriguésia 75: e00022024. 2024

rates. Evergreen Cerrado species usually maintain 
their leaves for periods longer than 11 months 
and do not exhibit leaf exchange in response 
to seasonality, which indicates a predominance 
of conservative resource-use strategies (Franco 
et al. 2005; Cianciaruso et al. 2013). Plants 
experiencing milder seasonality tend to have 
longer leaf longevity, which is expected to lead 
to lower variation in leaf morphophysiological 
traits. In contrast, in the strongly seasonal Caatinga 
deciduous forests, the evergreen S. joazeiro 
changes leaves more than once a year, allowing 
for the maximization of fitness through anatomical 
and functional adaptations and performance 
adjustments according to existing climatic 
conditions.

Limiting factors such as high temperatures, 
vapor pressure deficit, and solar radiation also 
influence photoinhibition, which further plays a 
role in the leaf anatomical traits of S. joazeiro. The 
outer tissues of the leaf and its appendages play 
an important role in photoinhibition through light 
interception. Together, the trichomes, epidermis, 
and cuticle can reflect part of the solar radiation and 
even filter damaging UV rays (Karabourniotis et 
al. 2021). In the more energy-expensive dry-season 
leaves, we observed more protective structures such 

as more abundant trichomes and thicker adaxial 
cuticles. 

Leaves collected during the dry season, 
characterized by higher energy costs for the 
plant, showed investments in protective structures 
like trichomes and thicker adaxial cuticles. 
The thicker cuticles act towards limiting non-
stomatal water loss and gas exchange, providing 
protection against extreme temperatures, radiation, 
pathogens, herbivores, and mechanical stress. 
These adaptations ensure leaf durability and 
maintenance of photosynthetic activities during 
the dry season until new leaves are flushed in the 
wet season.

Regarding the anatomical traits actively 
involved in photosynthesis, we observed an 
increase in palisade parenchyma thickness and 
a significant increase in spongy parenchyma 
thickness in dry-season leaves compared to wet-
season leaves. A thicker palisade parenchyma 
could contain a greater number of CO2 fixation 
sites, while a thicker spongy parenchyma could 
result in easier diffusion of CO2 to these sites 
(Ennajeh et al. 2015). This indicates a trade-
off for structural mechanisms that enhance 
photosynthesis per unit leaf area, enabling more 
efficient water use. 

Figure 6 – a-d. Boxplots showing the variation in Sarcomphalus joazeiro’s leaf anatomical variables in two different 
months (January and February). All variables showed significant differences between months – a. leaf thickness; b. 
trichomes on the abaxial surface cells; c. spongy parenchyma thickness; d. palisade parenchyma thickness.

a b

c d
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The hydraulic components of leaves, 
including midrib area, vessel elements, xylem 
and phloem areas, and diameter of the vessel 
elements, play a crucial role in water transport and 
stomatal conductivity. The leaf can fully perform 
its function when supplied with sufficient water for 
photosynthesis. The lack of coordination between 
CO2 capture for photosynthesis and transpiration 
during stomatal opening can lead to hydraulic 
dysfunction due to embolism or the collapse of 
vessel elements. Therefore, ideal leaf function must 
be coordinated with the structural development 
of anatomical variables associated with water 
transport (Gebauer et al. 2022). The adjustments in 
these traits observed between wet and dry seasons 
optimize photosynthesis and water relations in 
response to varying environmental conditions. 

The reduction in leaf area during the dry 
season contributes to dissipating heat, neutralizing 
overheating effects, and reducing transpiration 
rates. Our findings also emphasize the importance 
of leaf veins, vessel elements, and xylem in water 
transport processes and the adaptation of leaf 
anatomy to optimize water use and photosynthesis.

In conclusion, the variability of S. joazeiro’s 
leaf anatomical traits between wet and dry seasons 
and their interactions with climatic variables 
suggest the production of season-specific leaf 
cohorts to be an adaptation of evergreen tree 
species occurring in Deciduous Seasonal Forests. 
These cohorts are tailored to suit the conditions 
of light intensity, temperature, and evaporative 
demands in each season. Wet-season leaves exhibit 
traits associated with acquisitive strategies, while 
dry-season leaves bear more conservative traits, 
demonstrating the plant’s ability to adapt its leaf 
production to maximize fitness under different 
seasonal stresses.
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