
©Forest Research Institute Malaysia 262

Rocha JDL et al.Journal of Tropical Forest Science 36(3): 262—273 (2024)

VEGETATIVE PHENOLOGY IN CERRADO FOREST 

VEGETATION TYPES: A COMPARATIVE APPROACH

Rocha JDL
1, 3

, Maciel EA
2
, Coelho CP

3
, Souza LF

3
 & Guilherme FAG

1, 3,
 * 

1
Programa de Pós-Graduação em Ecologia e Conservação, Universidade do Estado de Mato Grosso, Nova Xavantina, MT, 

Brazil

2
Departamento de Biologia Vegetal, Instituto de Biologia, Universidade de Campinas, Campinas, SP, Brazil

3
Instituto de Biociências, Universidade Federal de Jataí, Jataí, GO, Brazil

*fredericoagg@ufj.edu.br

Submitted June 2023; accepted November 2023

                                                                                                                                                                                         

The Cerrado vegetation types has the same macroclimate, but differs in the microclimatic and edaphic 

proprieties, which can result in contrasting phenologies among it. The vegetative phenology of five 

vegetation types such as woody savanna, deciduous and semideciduous forests, gallery forest, and 

riparian forest in Brazil Central plateau were accessed in this study. Leaf falls and leaf budding of 10 

individuals of the 12 most abundant species were evaluated monthly in each vegetation type over one 

year. Circular statistics and the Rayleigh test were used to assess the phenology peaks. The average 

intensity rate of leaf fall and leaf budding were calculated for each vegetation type and chi-square test 

was used to analyse differences among them. Of the 53 species studies, 15 were deciduous, 17 semi-

deciduous and 21 evergreens. All vegetation types demonstrated seasonality, reflecting the season 

macroclimate predominance. However, the peaks of phenophases were different between them 

throughout the year, which in turn reflects the effect of the microclimatic and edaphic proprieties. 

Our results indicated that within the same remnant a greater number of forests patches may increase 

phenological strategies. Thus, several vegetation types ensured resources for associated fauna and 

ecosystem services at different periods of the year. 

Keywords:	Cerrado plateau, Cerrado forests patches, forest phenology, leaf budding, leaf falls, non-

reproductive phenology, resource availability

Phenological studies are important to 

measure plant responses to environmental 

factors, because it is an indicator of plant-

atmosphere (Piao et al. 2019) and plant-soil 

interactions (Nord & Lynch 2009). Under similar 

macro environmental conditions, phenological 

strategies may vary between forest vegetation 

communities as a function of several factors 

which matter in fine scale (Klosterman et al. 

2018). These variations can be observed in the 

episodes of leaf budding and leaf fall, generally 

associated with environmental variables, such as 

climate and soil (Williams et al. 1999). Studies 

have attempted to establish relationships 

between phenology and local environmental 

conditions, such as soil and air humidity, 

temperature and precipitation (Borchert et al. 

2004) and primary consumers (Williams et al. 

1999). Soil water availability is also one of the 

main factors to explain phenological patterns, 

although it is still not very clear for tropical 

forests and savannas (Borchert et al. 2004).

Anthropic actions such as fragmentation, 

climate change, and increased on fire frequency 

have been modifying the phenology of plant 

species (Gordo & Sanz 2010, Korner & Basler 

2010, Morellato et al. 2016). For example, a 

mechanistic model revealed change in the 

performance of evergreen and deciduous 

species in response to decreased of precipitation, 

increased in fire and loss of animal dispersal in 

Cerrado (Maciel et al. 2021). This study also 

showed that species performance was different 

across vegetation types. Although the tree 

phenology of different Cerrado vegetation types 

is well known (Oliveira 2008) a substantial part 

of the previous published studies are limited to 

species and populations (Guilherme et al. 2015, 

Leão-Araújo et al. 2019). Studies comparing 

plant communities across vegetation types 

https://doi.org/10.26525/jtfs2024.36.3.262

ISSN: 0128-1283, eISSN: 2521-9847

INTRODUCTION



©Forest Research Institute Malaysia 263

Rocha JDL et al.Journal of Tropical Forest Science 36(3): 262—273 (2024)

under the same macroclimatic conditions are 

still scarce (Morellato et al. 2016), and that 

are almost absent in Cerrado forests patches 

(Camargo et al. 2018).

Forests in the Cerrado have wide 

environmental heterogeneity, being important 

for the maintenance of local diversity and 

ecosystem services (Nascimento et al. 2022, 

Souza et al. 2018). They are classified in woody 

savanna, dry, riparian and gallery forests (Ribeiro 

& Walter 2008). Woody savannas occur on flat 

terrain and well drained soils, with less vertical 

stratification, a more open canopy and irregular 

leaf fall relative to the others. Dry forests, 

semideciduous and deciduous seasonal forests 

occur in the interfluves well drained and rich in 

nutrients soils gradient, as consequence, it could 

be evergreen, semideciduous or deciduous 

according to the leaf fall level during the dry 

season. Riparian forests surround medium and 

large rivers, and become pronounced deciduous 

in the dry season. Gallery forests occurs as 

corridors along small rivers or wetlands, 

which ensures soil moisture even in the dry 

season. These are classified as non-flooded 

when the soil is well drained, with normally 

uneven topography, bordering well-defined 

watercourses with constant flow, while flooded 

presents a water in the soil almost permanently, 

with little defined drainage, and established on 

flat relief and hydromorphic soils.

Although phenological knowledge plays 

a key role in conservation and management 

strategies, it is still unclear how phenological 

strategies differ between Cerrado forests 

patches (Morellato et al. 2016, Camargo et al. 

2018). Therefore, we assessed the vegetative 

phenology of five forest vegetation types, 

namely woody savanna, semideciduous and 

deciduous seasonal forests, riparian forest 

and flooded gallery forest in Brazil Central 

plateau over one year. This vegetation types 

are under the same macroclimate conditions 

of predominant seasonality, with well-defined 

dry and rainy periods (Carneiro et al. 2020). 

Thus, we expect that the different vegetation 

types behave according to macroclimate, 

as there is an adjustment of the vegetative 

events to this Cerrado seasonality (Oliveira 

2008, Silvério & Lenza 2010). We also expect 

that each type of vegetation has a particular 

intensity of phenological events due to 

microclimatic, edaphic properties and soil 

moisture peculiarities (Moreno & Cardoso 

2008, Ribeiro & Walter 2008). Thus, we tested 

the hypothesis that each vegetation type shows 

a seasonal rhythm that reflects an adjustment 

with the regional climate, but that there are 

differences in the vegetative phenological 

rhythm (leaf budding and leaf fall), as a function 

of adjustment to local abiotic conditions.

Figure 1	 Map of forest remnants among the municipalities of Itajá, Aporé and Itarumã, in the southwest 

Goiás state, in the Cerrado-Atlantic Forest transition

The square and circle areas correspond to large (~3960 ha) and small (~1040 ha) remnants localisation, 

respectively; the red dot on the South America map shows the location of the municipalities where the 

remnants are located, emphasizing their marginal location in the Cerrado, delimited in gray
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MATERIAL AND METHODS

Study site

We conducted the study in two forest remnants, 

surrounded by pasture matrix, in Brazil Central 

plateau, southwest of the Goiás state (Figure 

1). Altogether, its remnants comprise native 

forest ecosystems of about 5000 non-continuous 

hectares, at coordinates 18° 55' S and 51° 42' W. 

These remnants are approximately 13 km apart 

and belong to private properties that have been 

the focus of other studies of our researches 

team of Long Term Ecological Research located 

in the Cerrado-Atlantic forest transition zone 

(PELD-CEMA), which have been provide 

subsidies for the implementation of the 

proposed Tovacuçu Wildlife Reserve (Carneiro 

et al. 2020). Elevations range from 480 to 650 

m and the relief is characterised by steep slopes 

between interfluves and valley bottom. The 

regional climate is seasonal, tropical savanna 

and mesothermal, classified as Aw according 

to the Köppen climatic classification, wherein 

there are two well-defined periods, one dry (from 

April to September) and the other rainy (from 

October to March). The annual precipitation 

varies from 1400 to 1500 mm (Wachholz et al. 

2020). December and January have the highest 

precipitation levels, while June to September 

are the driest months with the lowest relative 

humidity.

For the phenological study we selected five 

forest vegetation types typically found in the 

Cerrado: woody savanna (WS), semideciduous 

forest (SF), deciduous forest (DF), riparian 

forest (RF) and flooded gallery forest (GF). 

Only RF is located located in remnant alongside 

Corrente River, while the other forest patches 

are in the larger remnant (Figure 1). These 

vegetation types were classified according to 

the physiographic features, associated with 

the floristic composition of each environment 

(Ribeiro & Walter 2008). SF and DF are 

predominant in the remnant in well-drained 

areas and WS occurs at the edge of the remnant. 

Oxisols are the main soil classes in those well-

drained areas, although Ultisols prevail in 

slightly hilly relief. GF occur in the valley bottom, 

with moist environments and poorly drained 

soils such as the Gleisoil. All the vegetation types 

show little or no signal of anthropic disturbance, 

except the WS, which is in succession due to the 

coffee plantations approximately 40 years ago 

(Guilherme et al. 2020).

Sampling

For each vegetation type we conducted the study 

in one-hectare permanent plots, subdivided in 

25–20 × 20 m quadrats, where tree vegetation 

surveys were carried out (Ferreira et al. 2020, 

Guilherme et al. 2020, Nascimento et al. 

2022, Guilherme et al. 2023). All individuals 

with diameter breast height ≥ 5 cm were 

taxonomically identified and marked with 

aluminium tags. These tags allowed the monthly 

evaluation of the same plants throughout one 

year. For each sample plot, we created a matrix 

with all species and calculated the relative 

density of each species. We selected the 12 most 

abundant (highest relative densities) in each 

sample plot (which together represent 50% or 

more of the total abundance of each vegetation 

types). Ten adult individuals (matrices) of each 

of these 12 species were selected to observe 

phenological patterns, thus totalling 600 trees 

observed during a year.

These individuals had their vegetative 

phenophases of leaf budding (emergence 

of vegetative buds followed by small leaves, 

usually shiny, light green, yellowish or red) and 

leaf fall (leaves with a change in colour, which 

begin to fall from the plant, forming gaps in 

the crown and accumulating on the ground) 

recorded monthly throughout the year 2019. 

In order to quantify the phenological events 

of each individual, we sampled several points 

around its canopy, then we used a binoculars 

and digital camera for observe the detailing of 

phenophases, especially for individuals with 

greater height.

We adopted the direct phenological 

measurement or intensity index (D’Eça-Neves & 

Morellato 2004), which divides the intensity of 

phenophases into three categories: zero (0) for 

absence, one (1) for up to 50% and two (2) for 

more than 50% intensity of each phenophase. 

Such a measure was used since the high canopy 

in forests hinders phenological estimation, 

allowing, at the same time, a quantitative 

assessment. Furthermore, this measure is 

efficient in capturing peaks of intensity of leaf 

fall and leaf budding in each population, thus 
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helping us to observe how the intensity peaks 

of these phenophases vary among vegetation 

types (Bencke & Morellato 2002). The data 

from each plant in the population were then 

considered separately to determine the species 

of each vegetation types in one of the following 

phenophases - 1. evergreen: those that lose 

and sprout leaves at a uniform rate throughout 

the year; 2. semi-deciduous: those that lose 

approximately half of their leaves during the dry 

season; and 3. deciduous: completely deciduous 

plants, which occur during the dry season.

Data analysis

We used the average intensity of the ten 

individuals of each species in each month to 

describe and compare the phenodynamics 

between vegetation types. We multiplied 

the mean intensity by 100 and divided by 2 

(number of intensity measurement categories), 

in order to convert the values into percentages 

(D’Eça-Neves & Morellato 2004). With this 

procedure we obtained the percentage intensity 

of each phenophase, for each species, in each 

month. Finally, we calculated the average of 

the percentage intensity of the 12 species per 

month.

We used circular statistics to measure the 

intensity and occurrence of seasonality of the 

two phenophases throughout the year. To do 

this, we followed the following procedures: (1) 

for each month of observation, we calculated the 

frequency of occurrence of the phenological for 

all species; (2) the months were converted into 

angles, being 0º = January, successively until 330º 
= December, in intervals of 30º; (3) we calculated 

the average angle and the length of the vector 

r and tested the significance of the angle 

through the Rayleigh test (z) for the circular 

distribution (Zar 2010). Vector r indicates how 

much the dates are grouped around the average 

angle and reflects the level of phenological 

seasonality or synchrony of the phenophases 

of each population or community (Morellato 

et al. 2000). We used the chi-square (χ2) test to 

compare the frequency of occurrences of each 

phenophases of each vegetation types in order 

to test whether the phenologies were different 

between them. The Oriana program was used to 

calculate the circular statistics (Kovach 2011).

RESULTS

General phenological patterns in Cerrado 

vegetation types

The 600 individuals comprised 53 species, of 

which seven occurred in two and the others 

only in one of the five vegetation types (Table 

1). Fifteen of them were deciduous, 17 semi-

deciduous and 21 evergreen. The relative density 

among species ranged from 20.46 (Tachigali 

vulgaris) to 1.77 (Salvertia convallariodora) in 

woody savanna, from 7.02 (Cordiera sessilis) to 

2.17 (Copaifera langsdorffii) in semideciduous 

forest, from 12.3 (Chrysophyllum marginatum) to 

5.09 (Aspidosperma subincanum) in deciduous 

forest, from 7.14 (Cheiloclinium cognatum) to 

3.76 (Aspidosperma polyneuron) in riparian forest, 

from 43.54 (Euterpe edulis) to 0.55 (Ficus enormis) 

in flooded gallery forest. 

The leaf budding showed a seasonality 

throughout the year (z = 175.4; P < 0.001; r 

= 0.22), with intensity peaks in September 

(40.84%), October (44.67%) and November 

(47.57%), i.e., the transition period between 

the dry and rainy seasons (Figure 2). This period 

was preceded by the highest leaf fall intensities 

which occurred between the months of July 

(42.33%), passing through August (49.41%) 

to September (45.39%), that is, in the driest 

period of the year (Figure 2). Therefore, leaf 

fall was also presented certain seasonality (z = 

163.5; P < 0.001; r = 0.21).

Vegetative phenology among forest 

vegetation types

Leaf budding and leaf fall differed between the 

five vegetation types over the months, by χ2 test 

(Table 2). Regarding leaf fall pattern, woody 

savanna and semideciduous forest showed 

higher number of semideciduous species (n = 

7) being Tachigali vulgaris and Allophylus edulis, 

respectively, the most abundant deciduous 

species in these forests. Riparian forest and 

flooded gallery forest have more species with 

evergreen behaviour (n = 8), such as Cheiloclinium 

cognatum and Euterpe edulis. Finally, deciduous 

forest showed more deciduous species (n = 8), 

being Bauhinia membranacea the most abundant 

deciduous species in this vegetation type (Table 

1, Figure 3). However, when the total mean 
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Figure 2	 Intensity index (%) of leaf budding and leaf fall of sampled leaves for five forest types evaluated, 

where each letter refers to a month

Figure 3	 Classification of species according to leaf fall pattern in each forest vegetation type in the southwest 

of the Goiás state 

SW = woody savanna, SF = semideciduous forest, DF = deciduous forest, RF = riparian forest, GF = gallery forest

Table 2	 Matrix of comparisons of leaf budding (in bold) and leaf fall (without bold) between the five forest 

vegetation types studied in the southwest of the Goiás state

Asterisks represent the level of significance of comparison by the χ2 test (P < 0.05 *; P < 0.0001 ***); WS = woody savanna, 

SF = semideciduous forest, DF = deciduous forest, RF = riparian forest, GF = gallery forest

Forest types WS SF DF RF GF

WS 50.5*** 57.9*** 64.4*** 68.8***

SF 48.7*** 41.6*** 91.7*** 90.0***

DF 87.7*** 66.5*** 65.3*** 45.5***

RF 20.8    * 71.2*** 97.0*** 47.1***

GF 76.0*** 96.3*** 132.5*** 67.3***
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relative density was considered, the evergreen 

was the predominant phenology in woody 

savanna, semideciduous forest, flooded gallery 

forest and riparian forest vegetation types, while 

the semideciduous predominated in deciduous 

forest.

In general, leaf budding showed a seasonal 

pattern for all vegetation types, with lowest 

intensity occurs at the start of the dry season 

(April to July) and high intensity at the end of 

the dry season, continuing until the beginning 

of the rainy season (Figure 4-A). This is 

supported by the values of Rayleigh test (z) and 

vector r in deciduous forest, semideciduous 

forest, woody savanna and flooded gallery forest 

(z = 87.4; 64.4; 50.4; 19.3 [P < 0.001 for all]; and 

vector r = 0.36; 0.30; 0.30; 0.16, respectively). 

Except for the flooded gallery forest, the leaf 

budding decreased in all vegetation types 

during the dry season. Deciduous forest showed 

the greatest variations in leaf budding intensity 

throughout the year among vegetation types 

(Figure 4-A). Nevertheless, riparian forest had 

the leaf budding better distributed throughout 

the year, indicating seasonality less pronounced 

than in other forests, as shown in the Rayleigh 

test (z = 4.8; P = 0.008).

Leaf falls also showed notable differences 

across all types of vegetation, and, in general, 

the greatest deciduousness occurred in the 

months with the lowest rainfall (Figure 4-B). 

Woody savanna (z = 22.8; P < 0.001; r = 0.37), 

semideciduous forest (z = 54.4, P < 0.001; r = 

0.31) and riparian forest (z = 31.6; P < 0.001; r = 

0.19) had seasonality with peak leaf fall in August. 

Deciduous forest had a peak related to the 

month of June, the beginning of the dry period 

(z = 96.5; P < 0.001; r = 0.37). However, flooded 

gallery forest had a more uniform distribution 

throughout the year when compared to other 

forests, although with greater leaf fall in August 

(z = 16.2; P < 0.001; r = 0.14). During the rainy 

season, all physiognomies reduced leaf fall.

Figure 4	 Intensity index (%) of leaf budding (A) and leaf fall (B) phenophases throughout one year, in five 

forest vegetation types studied in the southwest of the Goiás state

SW = woody savanna, SF = semideciduous forest, DF = deciduous forest, RF = riparian forest,  GF = gallery 

forest
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DISCUSSION

General phenological patterns in Cerrado 

vegetation type

There was a predominance of leaf maintenance 

(perennial) for the 53 species assessed, and also 

in the average relative density. However, the 

species number and the average relative density 

that predominated in each phenophase differed 

among vegetation types. The both vegetative 

phenophases peak were different among 

vegetation types, showing that the timing and 

intensity of events vary throughout the year. This 

may indicate a diversified resource available for 

herbivores and other organisms associated with 

these species over the year.

Studies involving species and woody 

communities in the Cerrado show that the 

peaks of several phenophases are linked to the 

end of the dry and the beginning of the rainy 

periods (Batalha & Martins 2004, Oliveira 2008, 

Pirani et al. 2009). This pattern was noted in 

our study, where leaf fall and leaf budding 

peaks happened in the end of the dry (August‒
September) and in in beginning of the rain 

seasons (October–November), respectively. 

However, this behaviour is not observed in other 

tropical forests, such as in the coastal regions of 

the Atlantic Forest (Morellato et al. 2000, Reich 

1995) and the Amazonian Forest (Huete et al. 

2006). The main cause of increased leaf fall at 

the end of the dry season in tropical forests is 

water stress. In order that woody plants do not 

lose water through evapotranspiration before 

the rainy season, trees drop their leaves (Reich 

& Borchert 1984). These present evergreen 

behaviour throughout the year, as they are 

located in regions without pronounced and 

severe periods of drought, as occurs in the 

Cerrado, even though the areas studied are 

located in ecotonal zones between the Cerrado 

and Atlantic Forest biomes. Although the 

flora of some of the vegetation types studied is 

associated with the Atlantic Forest, as found in a 

recent study for the gallery forests of the region 

(Nascimento et al. 2022), the evident seasonality 

in the vegetative patterns of the forests studied 

suggests a strong effect of the climate of the 

region.

Vegetative phenology among forest vegetation types

Studies show that water restrictions imposed 

by seasonality are important factors that define 

the proportions of deciduous species (Bastos 

& Ferreira 2010, Silvério & Lenza 2010), both 

in the Cerrado and in other biomes marked 

by climatic seasonality. Besides the seasonality 

implicit in the forests of Cerrado, other factors 

interfere in the vegetative phenology. Therefore, 

besides the climatic seasonality, the soil type 

and the water table depth are important factors 

that determine the floristic composition, 

thereby influencing the different levels of leaf 

fall in these forests (Furley & Ratter 1988). 

Nevertheless, species shared among vegetation 

types may present distinct phenological patterns 

due to intrinsic characteristics, such as plasticity 

to inhabit different environments (Reich 

1995, Reich & Borchert 1984). An example 

can be observed in Cordiera sessilis, which in 

our study was characterised as evergreen and 

semideciduous, in the semideciduous forest 

and deciduous forest, respectively. This species 

has been showing an evergreen deciduousness 

under canopy of non-disturbed forests (Lopes 

et al. 2014). Although both semideciduous 

and deciduous forests in our study were under 

the same seasonal regime, the water stress may 

differ between them due to the microvariations 

of the relief, thus maintaining the perennially 

of this species in the semideciduous forest. 

Another example of plasticity can be observed 

in Allophylus edulis, a semideciduous species, 

which in our study was found in riparian forest 

and semideciduous forest, where both forests 

are different in soil moisture and nutrient 

availability. The germination and seedlings of 

A. edulis tolerate a range of condition that range 

from well-drained to flooded environments 

(Duarte et al. 2020), which may justify the 

occurrence of this species in these two vegetation 

types.

Based on a small set of species that had the 

highest relative density in each vegetation type, 

our study shows that there are few species shared 

among them, since only seven of the 53 species 

occurred in two vegetation types at the same 

time, such as Protium heptaphyllum and Tapirira 

guianensis. Therefore, our study suggests that 

the predominant phenological strategies both 

in abundance and species richness seems to 
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be maintained by unique floristic elements 

particular of each vegetation type. Thus, 

the environmental variations that drive the 

plasticity above mentioned, seems to driving 

a unique flora in each forest vegetation type, 

even when these are spatially close to each other 

(Prado Júnior et al. 2012). Finally, we suggest 

that the different phenological strategies are 

maintained by the ability of some species to 

overcome environmental filters on a small scale.

Our findings showed that the intensity 

of vegetative events differs throughout the 

year among vegetation types. A determinant 

factor for this would be the type of soil and its 

drainage, which even in close forests condition 

the existence of diverse communities with 

different proportion of deciduous species. This 

demonstrates that the frequency and intensity 

of leaf fall and leaf budding can vary within the 

same forest remnant. For example, in May, a 

month of great water scarcity, the peak intensity 

of leaf budding in most vegetation types did 

not exceed 10%, while in the riparian forest it 

reaches 30%. Such a characteristic would have 

an important implication for the availability of 

resources for herbivorous insects, where species 

dependent on the rhythm of leaf production 

could find resources in different stretches of 

forest remnants throughout the year (Reich 

1995). The vegetation type that reaches the 

leaf budding peaks in specific periods may 

characterise refugia for fauna during resource 

scarcity in other forest patches. Furthermore, 

herbivores with seasonal behaviour could, 

regardless of the time of year, find resources 

through the remnant.

As expected, deciduous forest showed more 

pronounced phenological differences, i.e., the 

highest number of deciduous species among 

the forest vegetation types. This probably is 

related to the shallow and well drained soils 

of the slope, where deciduous forest occurs. 

This provides the occurrence of typically 

deciduous species, and these patterns have also 

been recorded in other studies conducted in 

deciduous forest, with a sharp increase in leaf 

fall during the dry season (Andreis et al. 2005, 

Nunes et al. 2005). Even with its occurrence in 

more hydromorphic soils, during the drought 

the flooded gallery forest also showed an 

increase in leaf fall, probably in response to 

water stress in the period. As has been proposed 

the leaf fall is associated with intrinsic factors of 

the plants, but water stress would accelerate leaf 

fall or leaf budding (Reich & Borchert 1984). 

In other words, leaf fall in flooded gallery forest 

could also be related to the species behaviour, 

which even in moist soil lose more leaves in the 

dry season (Borchert 1994), suggesting that 

microclimatic conditions could influence leaf 

loss. For instance, the water evaporation from 

the moist soil is maintained throughout the 

year and elevates the relative humidity of the air 

in these humid forests (Furley & Ratter 1988), 

making their composition with few deciduous 

woody species. In this sense, small environmental 

variations such as relative humidity, make the 

floristic composition dissimilar (Prado Júnior et 

al. 2012), even in close forest environments and, 

in the case of the vegetation types studied, the 

composition of deciduous, semideciduous and 

evergreen species changes at short distances.

Finally, increase in leaf fall and reduction 

in leaf budding in the dry season had an 

almost inversely proportional pattern in all 

the vegetation types, although with different 

intensity responses, which may have the soil 

type as the main cause. The environmental 

heterogeneity inherent to the physico-chemical 

aspects and soil moisture between vegetation 

types can vary greatly, making the floristic 

composition peculiar and providing different 

phenological strategies along forest patches. 

Even though the general patterns for both 

phenophases tend to be similar, the intensity 

peaks at budding and deciduousness indicate 

that the vegetation types have their peculiarities, 

suggesting that the adjustment communities 

depend on the environmental gradient and 

floristic identity of each of them.

CONCLUSION

The phenophases showed marked seasonality 

(dry vs. rainy period), indicating a strong 

influence of the regional macroclimate on 

vegetative phenology in Cerrado forest patches. 

However, the phenology intensity was different 

among all vegetation types, indicating that fine-

scale variations trigger vegetative phenology 

throughout the year. This could imply different 

resource supply along the forest patches, 

helping to maintain associated fauna (e.g., 

herbivores). Our study reinforces that the 
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variety of ecosystems can provide resources for 

the fauna associated with it at different times 

of the year, with positive consequences on the 

conservation of plant-animal interactions. 

Therefore, the study confirms the importance 

of maintaining natural ecosystems remnants 

with a greater variety of vegetation types, plant 

diversity and environmental heterogeneity 

for the conservation and management of the 

Cerrado.

ACKNOWLEDGEMENTS

The authors thank the Fundação de Amparo 

à Pesquisa do Estado de Goiás (FAPEG) 

under the PELD CEMA project (Process 

#2012/10267001108 and #2017/10267000329), 

for logistical and financial support. JDLR is 

grateful to FAPEG for the MSc scholarship 

(Process Nº 2012/1026700110), EAM for the 

FAPEG Post Doc scholarship and FAGG for the 

CNPq research productivity scholarship (PQ-

2/Process #303567/2021-0). Our gratitude to 

the employees of Fazenda São Miguel (Paulinho 

and Sirlene) and Fazenda Boa Vista - Cabeceira 

do Ribeirão Grande (Miro Celso Rodrigues and 

Lorivaldo Nascimento), for their hospitality 

and logistic support. José Ricardo Constantino, 

Hortência Maricato, Daielle Carrijo and 

Radynalva Gomes for the help in the data 

collections.

REFERENCES

Andreis C, Longhi SJ, Brun EJ et al. 2005. Estudo fenológico 

em três fases sucessionais de uma floresta estacional 

decidual no município de Santa Tereza, RS, Brasil. 

Revista Árvore 29: 55–63. https://doi.org/10.1590/

S0100-67622005000100007

Bastos LA & Ferreira IM. 2010. Composições 

fitofisionômicas do bioma Cerrado: estudo sobre o 

subsistema de Vereda. Espaço em Revista 12: 97–108.

Batalha MA & Martins FR. 2004. Reproductive phenology 

of the cerrado plant community in Emas National 

Park (central Brazil). Austalian Journal of Botany 52: 

149–161. https://doi.org/10.1071/BT03098

Bencke CSC & Morellato LPC. 2002. Comparison of two 

methods of plant phenology estimation, their 

interpretation and representation. Brazilian Journal 

of Botany 25: 269–275.

Borchert R. 1994. Soil and stem water storage determine 

phenology and distribution of tropical dry 

forest trees. Ecology 75: 1437–1449. https://doi.

org/10.2307/1937467

Borchert R, Meyer SA, Felger RS & Porter-Bolland L. 2004. 

Environmental control of flowering periodicity in 

Costa Rican and Mexican tropical dry forests. Global 

Ecology and Biogeography 13: 409–425. https://doi.

org/10.1111/j.1466-822X.2004.00111.x

Camargo MGG, Carvalho GH, Alberton BC, Reys P & 

Morellato LPC. 2018. Leafing patterns and leaf 

exchange strategies of a cerrado woody community. 

Biotropica 50: 442‒454. https://doi.org/10.1111/

btp.12552

Carneiro SES, Martins AP & Guilherme FAG. 2020. Análise 

ambiental em área nos municípios de Aporé e 

Itajá, GO: subsídio para criação de unidade de 

conservação. Geoambiente On-line 38: 62–83.

D’eça-Neves FF & Morellato LPC. 2004. Métodos de 

amostragem e avaliação utilizados em estudos 

fenológicos de florestas tropicais. Acta Botanica 

Brasilica 18: 99–108.

Duarte CI, Martinazzo EG, Bacarin MA & Colares IG. 

2020. Seed germination, growth and chlorophyll a 

fluorescence in young plants of Allophylus edulis 

in different periods of flooding. Acta Physiologiae 

Plantarum 42: 1–11.

Ferreira GL, Guilherme FAG, Nascimento NM, Silva 

GE, Carneiro SES & Rocha JDL. 2020. Estrutura 

e distribuição de espécies arbóreas ao longo de 

um gradiente edáfico em floresta ciliar no sul 

goiano. Revista do Instituto Florestal 32: 43–56. 

10.24278/2178-5031.202032104

Furley PA & Ratter JA. 1988. Soil Resources and Plant 

Communities of the Central Brazilian Cerrado and 

Their Development. Journal of Biogeography 15: 97. 

https://doi.org/10.2307/2845050

Gordo O & Sanz J. 2010. Impact of climate change on 

plant phenology in Mediterranean ecosystems. 

Global Change Biology 16: 1082–1106. https://doi.

org/10.1111/j.1365-2486.2009.02084.x

Guilherme FAG, Vasconcelos EI, Coelho CP, Ressel K, 

Batista NTF & Souza LF. 2015. Fenologia vegetativa 

e reprodutiva de Butia purpurascens Glassman 

(Arecaceae) sob efeitos da extração de folhas. 

Brazilian Journal of Biology 75: 77–85.

Guilherme FAG, Silva G, Coelho C, Rocha J & Ressel K. 

2020. Estrutura arbórea em um cerradão no sul do 

estado de Goiás. Enciclopédia Biosfera 17: 318–328.

Guilherme FAG, Machado DL, Silva GE et al. 2023. Fine-

scale variation reveals high structure and floristic 

heterogeneity in dry forests of the Cerrado. 

Southern Forests: a Journal of Forest Science 85: 

10.2989/20702620.2023.2216858

Huete AR, Didan K, Shimabukuro YE et al. 2006. Amazon 

rainforests green-up with sunlight in dry season. 

Geophysical Research Letters 33: L06405. https://doi.

org/10.1029/2005GL025583

Klosterman S, Melaas E, Wang JA et al. 2018. Fine-

scale perspectives on landscape phenology from 

unmanned aerial vehicle (UAV) photography. 

Agricultural and Forest Meteorology 248: 397–407.

Korner C & Basler D. 2010. Phenology under global 

warming. Science 327: 1461–1462. https://doi.

org/10.1126/science.1186473



©Forest Research Institute Malaysia 273

Rocha JDL et al.Journal of Tropical Forest Science 36(3): 262—273 (2024)

Kovach WL. 2011. Oriana–circular statistics for windows, Ver. 

4. Kovach Comput. Serv. Pentraeth, Wales, UK.

Leão-Araújo EF, Souza ERB, Naves RV & Peixoto N. 

2019. Fenologia de Campomanesia adamantium 

(Cambess.) O. Berg no Cerrado Brasileiro. Revista 

Brasileira de Fruticultura 41: e-121.

Lopes SF, Vale VS, Schiavini I, Padro Júnior JA, Oliveira 

AP & Arantes CS. 2014. Canopy stratification in 

tropical seasonal forests: how the functional traits 

of community change among the layers. Bioscience 

Journal 30: 1551–1562.

Maciel EA, Martins VF, Paula MD et al. 2021. Defaunation 

and changes in climate and fire frequency have 

synergistic effects on aboveground biomass loss 

in the brazilian savanna. Ecological Modelling 

454: 1–12. https://doi.org/10.1016/j.

ecolmodel.2021.109628

Morellato LPC, Alberton B, Alvarado ST et al. 2016. 

Linking plant phenology to conservation biology. 

Biological Conservation 195: 60–72. https://doi.

org/10.1016/j.biocon.2015.12.033

Morellato LPC, Talora DC, Takahasi A, Bencke CC, Romera 

EC & Zipparro VB. 2000. Phenology of Atlantic Rain 

Forest trees: a comparative study. Biotropica 32: 811–

823. https://doi.org/10.1111/j.1744-7429.2000.

tb00620.x

Moreno MIC & Cardoso E. 2008. Fatores edáficos 

influenciando na estrutura de fitofisionomias do 

Cerrado. Caminhos de Geografia 9: 173–194.

Nascimento NM, Guilherme FAG, Ressel K, Ferreira GL, 

Carneiro SES & Silva GE. 2022. Gallery forests 

flora and tree structure reinforce Atlantic Forest 

occurrence in brazilian central plateau. Journal 

of Tropical Forest Science 34: 199–209. https://doi.

org/10.26525/jtfs2022.34.2.199

Nord EA & Lynch JP. 2009. Plant phenology: a critical 

controller of soil resource acquisition. Journal of 

Experimental Botany 60: 1927–1937.

Nunes YRF, Fagundes M, Santos RM, Domingues EBS, 

Almeida HS & Gonzaga APD. 2005. Phenological 

activity of Guazuma ulmifolia Lam. (Malvaccae) 

in a deciduous seasonal forest in northern Minas 

Gerais. Lundiana 6: 99–105.

Oliveira PE. 2008. Fenologia e biologia reprodutiva das 

espécies de cerrado. Pp 274–290 in Cerrado: 

Ecologia e Flora. Embrapa, Brasilia.

Piao S, Liu Q, Chen A et al. 2019. Plant phenology and 

global climate change: Current progresses and 

challenges. Global Change Biology 25: 1922–1940.

Pirani FR, Sanchez M & Pedroni F. 2009. Fenologia de uma 

comunidade arbórea em cerrado sentido restrito, 

Barra do Garças, MT, Brasil. Acta Botanica Brasilica 

23: 1096–1110. https://doi.org/10.1590/S0102-

33062009000400019

Prado Júnior JA, Lopes SF, Vale VS, Neto OCD & Schiavini I. 

2012. Comparação florística, estrutural e ecológica 

da vegetação arbórea das fitofisionomias de um 

remanescente urbano de cerrado. Bioscience Journal 

28: 456–471.

Reich PB. 1995. Phenology of tropical forests: patterns, 

causes, and consequences. Canadian Journal of 

Botany 73: 164–174. https://doi.org/10.1139/

b95-020

Reich PB & Borchert R. 1984. Water stress and tree 

phenology in a Tropical Dry Forest in the lowlands 

of Costa Rica. Journal of Ecology 72: 61–74. https://

doi.org/10.2307/2260006

Ribeiro JF & Walter BMT. 2008. As principais 

fitofisionomias do bioma Cerrado. Cerrado: ecologia 

e flora 1: 151–212.

Silvério DV & Lenza E. 2010. Fenologia de espécies lenhosas 

em um cerrado típico no Parque Municipal do 

Bacaba, Nova Xavantina, Mato Grosso, Brasil. Biota 

Neotropica 10: 205–216. https://doi.org/10.1590/

S1676-06032010000300024

Souza SR, Ferreira WC & Guilherme FAG. 2018. 

Caracterização florística e fitossociológica de mata 

de galeria do córrego Santa Rosa, em Jataí, GO. 

Global Science and Technology 11: 147‒164.

Wachholz F, Rocha IR, Souza RO & Cabral JBP. 2020. 

Avaliação do meio físico de uma área de interesse 

de Mata Atlântica no sul de Goiás. Geoambiente On-

line 36: 163–185.

Williams RJ, Myers BA, Eamus D & Duff GA. 1999. 

Reproductive phenology of woody species in a north 

Australian tropical savanna. Biotropica 31: 626–636. 

https://doi.org/10.1111/j.1744-7429.1999.

tb00411.x

Zar JH. 2010. Biostatistical analysis. Prentice Hall, New 

Jersey.


