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ABSTRACT - (Population structure, spatial distribution and phenology of Anacardium humile A. St.-Hil. (Anacardiaceae) 
in cerrado stricto sensu). This study determined the size structure, spatial distribution, and phenology of individuals from 
a population of Anacardium humile A. St.-Hil. in a cerrado stricto sensu area. Four sample plots (100 × 100 m each) were 
randomly selected in the Quilombola Kalunga land. Within the plots, we counted the number of individuals and measured 
the height, basal diameter, number of tree branches and recorded their location and the presence of rocky outcrops. For the 
phenological analysis, sixteen individuals were monitored between May 2016 and April 2017. A total of 417 individuals 
were inventoried, which resulted in an average density of 104.25 ind ha-1 (± 60.35). The abundance of individuals was 
higher in the rocky outcrops and with an aggregate spatial distribution. The population is self-regenerating. Phenological 
changes were concentrated in the dry season and were infl uenced by lower precipitation rates, maximum temperature, and 
relative humidity.
Keywords: aggregate, cajuí, Brazilian savanna, demography, fl owering

RESUMO - (Estrutura populacional, distribuição espacial e fenologia de Anacardium humile A. St.-Hil. (Anacardiaceae) 
em cerrado stricto sensu). Este estudo analisou a estrutura de tamanho, a distribuição espacial e a fenologia dos indivíduos 
de uma população de Anacardium humile A. St.-Hil. em cerrado sentido restrito. Foram alocadas aleatoriamente quatro 
parcelas (100 × 100 m cada) na terra Quilombola Kalunga. Dentro das parcelas cada indivíduo foi contabilizado e teve 
mensurada a altura, diâmetro basal, quantidade de ramos e anotações quanto a sua localização e a presença de afl oramentos 
rochosos. Para a fenologia, dezesseis indivíduos foram monitorados entre maio de 2016 a abril de 2017. Foram inventariados 
417 indivíduos que resultaram na densidade média de 104.25 ind ha-1 (+ 60,35). A abundância de indivíduos foi maior nos 
afl oramentos rochosos e o padrão de distribuição espacial foi do tipo agregado. A população é auto-regenerativa. As alterações 
fenológicas concentraram no período seco e foram infl uenciadas pelas menores taxas de precipitação, temperatura máxima 
e umidade relativa do ar.
Palavras-chave: agregado, cajuí, savana brasileira, demografi a, fl oração

Introduction

 The high deforestation rates in the Cerrado biome 
(IBAMA 2015) and the low number of protected areas 
threaten the maintenance of its environmental services 
and the conservation of its biodiversity (Garcia et al. 
2011, Paiva et al. 2015). Regarding its fl ora, there are 
over 12000 species in the Cerrado, which about 40% 
are endemic (REFLORA/CNPQ 2017). Due to the 
anthropic conversion of natural areas in the Cerrado, 

most of these endemic species are threatened even 
before knowing the structure and spatial distribution 
of most of their populations.
 The population structure of a species is a result of 
action and interactions of evolutionary mechanisms 
such as the variation in the gene pool and its 
organization, the spatial distribution of genotypes, 
the reproductive system and ecological mechanisms 
such as pollination, dispersion, predation, mortality 
and regeneration (Hutchings 1997, Dale 1999). 
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The structure analysis allows the understanding of 
which environmental factors are responsible for the 
population variations in time and space, and how each 
species interact with the environment (Oliveira et al. 
2001). These studies can contribute to the species 
management, in the restoration of anthropized areas 
and in the establishment of areas for preservation 
when informing if the genetic variability and the size 
patterns of the remaining or implanted population are 
adequate for the maintenance of the local evolutionary 
processes (Schiavini et al. 2001, Fidelis et al. 2007, 
Frankham et al. 2008).
 The analyses of population structure allow 
interferences in development of the population in 
the environment (Kowles & Grant 1983), since the 
action of biotic and abiotic factors on their current 
and ancestral members affect the spatial arrangement 
and the age and genetic structures of its components 
(Hutchings 1997). The microenvironments in which 
the plants are inserted create a large variety of niches 
exerting influence over their performance and survival, 
and are directly related to the diversity of plant and 
animal species (Aidar 1992).
 The size of a plant is fundamental, because for 
them is more interesting to reach a minimum size, 
reflecting the accumulation of nutrient reserves and 
exposure to better environmental conditions (water, 
light and nutrients), than reaching a certain age (Berg 
2001), indicating its competitive performance in the 
environment. Individuals of the same age can present 
different sizes depending on their genetic potential 
and, especially, on the local abiotic conditions (Sposito 
& Santos 2001). Thus, in general, the plants survival 
and their subsequent growth depend more on size than 
on age (Gurevitch et al. 2009).
 The studies on the spatial distribution of 
populations show how individuals disposition have 
an influence on the mating rate (Epperson 1989), 
affecting pollinators behavior and, consequently the 
reproductive success of plants (Dale 1999). The spatial 
distribution pattern is influenced by factors such 
as parental distribution, dispersion ways, predators 
and herbivorous, the presence suitable microsites 
(Hutchings 1997) and the occurrence of stochastic 
events and anthropic disturbances (Lundberg & 
Ingvarsson 1998, Dale 1999).
 There are three spatial distribution patterns 
presented by individuals of plant populations: random, 
uniform and aggregate (Dale 1999). The random 
distribution supports an environmental homogeneity 
leading to a non-selective behavior. The aggregate 

distribution indicates grouping of individuals in 
more suitable niches. And the uniform distribution 
indicates negative interactions of individuals (Ludwig 
& Reynolds, 1988). In the Brazilian Cerrado several 
species have shown the aggregate pattern in different 
scales and locations (Oliveira et al. 1989, Meireles 
& Luiz 1995, Hay et al. 2000, Resende et al. 2003, 
Souza & Coimbra 2005, Costa 2006, Lima-Ribeiro 
2007a, b, Lima-Ribeiro & Prado 2007, Bernasol & 
Lima-Ribeiro 2010, Bruzinga et al. 2013, Elias et al. 
2013, Lopes et al. 2013, Souza-Leal & Pedroso-de-
Moraes 2014), even though this pattern may change 
in degraded environments (Meira Junior et al. 2017).
 The phenological study of plants is another 
scientific tool that allows the understanding of the 
ecology, dynamic and evolution of ecosystems 
(Fournier 1976). These studies can be performed in 
populations or communities, analyzing quantitatively 
(intensity of occurrence of the phenophases) and 
qualitatively (periods of occurrence of phenophases) 
(Fournier 1974). The phenology is directly related to 
environmental factors, such as climatic and edaphic, 
because they generally have influence on biological 
phenomenon (Morellato 1995, Arrigoni-Blanck et 
al. 1996). From it, it is possible to analyze the causes 
and the physiognomic manifestations of flowering 
phenomenon, fruiting, falling leaves and sprouting of 
plants throughout the year (Fournier 1976, Morellato 
1991), contributing to the understanding of the 
vegetative and reproductive patterns of plants and 
animals that depend on them (Morellato 1995).
 The phenological knowledge of Cerrado species 
is fundamental to developing restoration projects, 
native areas management, for the collection of fruits 
of commercially fruit species and in obtaining seeds 
for silvicultural purposes (Ribeiro et al. 1981, Araújo 
et al. 1987). It can also contribute to the productivity 
of agroforestry systems, pest control, management and 
conservation of plant communities and populations, 
and conservation units (Rego et al. 2007).
 Despite of several studies involving ecology 
in the Cerrado, few of them regard the population 
structure and spatial distribution of the species 
(Lima-Ribeiro & Prado 2007). For example, the 
“cajuí”, Anacardium humile A. St.-Hil., that despite 
belonging to a genus with many studies regarding the 
biology of its species, has few population information 
available (Grando 2009) and occasional phenological 
researches, addressed in the communities’ context 
(Dalponte & Lima 1999, Batalha & Mantovani 2000, 
Weiser & Godoy 2001). This lack of studies enables 
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the initiation of researches in order to plan strategies 
for the preservation and use of the species (Carvalho 
et al. 2005).
 The present study aimed to determine the 
population structure, spatial distribution and 
phenological pattern of A. humile in cerrado stricto 
sensu environment. We sought to answer the following 
questions: Does the presence of rocky outcrops in 
the environment alter the abundance patterns, spatial 
distribution, size and density of the individuals? Are 
individuals with more number of branches taller? 
Is the spatial distribution pattern of the population 
random?  Is the population in dynamic equilibrium? As 
observed in other Cerrado species, do the population 
individuals show greater height investment? Do 
vegetative and reproductive phenomes have seasonal 
rhythms influenced by climatic variables?

Material e methods

Study area - This research was conducted in a cerrado 
stricto sensu environment, with forest fire history of 
five years. The experimental area is located inside the 
Quilombola community named Kalunga, municipality 
of Cavalcante, northern Goiás (geographic coordinates 
13º36’09”S e 47º27’26”W). The Kalunga territory is 
located in the Chapada dos Veadeiros, with altitude 
varying between 560 m and 1118 m (Fundação Grupo 
Boticário, 2011), the altitude is 1046 m in the plot 1, 
1013 m in the plot 2, 1017 m in the plot 3 and 1023 in 
the plot 4. The climate is tropical savanna (Köppen-
Geiger classification), with two defined seasons, one 
rainy between October and April and another dry 
between May and September (Neiva et al. 2008). The 
mean annual precipitation varies from 1300 to 1500 
mm and mean temperature is around 25 ºC (Fundação 
Grupo Boticário, 2011). The soil is sandy type with 
rocky outcrops and gravel, classified as Dystrophic 
Litholic Neosols (Fundação Grupo Boticário 2011, 
Embrapa 2006).

Study species - “Cajuí”, Anacardium humile A. St.-
Hil. (Anacardiaceae), frequently occur in the cerrado 
stricto sensu and campo sujo. The plant is heliophilous 
and melliferous (Almeida et al. 1998), presenting 
medicinal and food potential, placed in the tropical 
fructiferous group (Carvalho et al. 2005). The species 
presents a subshrubby habit with underground stem 
(Almeida et al. 1998) and this small size makes the 
species more susceptible to anthropic actions of land 
use and damages by the flames of the fire during the 
fires than the common cashew tree (Anacardium 
occidentale L.) (Carvalho et al. 2005).

 Its flowering takes place from July to September 
with fruiting occurring from August to October, 
with limited seed production due to low pollination 
and high predation by animals and insects (Ferrão 
1995). The high ratio of 4:1 between male flowers 
and hermaphrodites (Almeida et al. 1998), the 
inability of some hermaphrodite flowers to turn into 
fruits, the tendency of pollen grains of the stamens 
to remain attached to the anther after dehiscence 
and the existence of only a fertile stamen in the 
staminate flowers are pointed out as reasons for the 
low pollination in the species (Ferrão 1995).
 The true fruit is a reniform nut, with hard dry 
pericarp, brown color, reaching its final size even 
before the pedicel thicken and modifies in a berry 
shaped fruit (Barroso et al. 1999). The false fruits and 
fruits are valued by locals as food sources (Almeida 
et al. 1998).

Experimental Design and Inventory - For the study 
of population structure and spatial distribution, 
from May to June 2016, we delimited four plots of 
100 × 100 m (4 ha) to ensure representativeness, since 
the population of A. humile is inserted in an extensive 
area of the Cerrado. The plots were allocated in a 
minimum distance of approximately 90 m between 
them to guarantee proportionality and to avoid 
overlapping. Each plot was divided into 16 subplots 
of 25 × 25 m, where we performed a census of all 
individuals of A. humile.
 Considering that the species present underground 
stem that and can bind nearby stems of the same plant 
(Rawitscher et al. 1943), the distinction between 
the individuals was performed by visualization of 
treetop area, which shows roughly circular outline 
(Lóppez-Naranjo 1975). In general, we considered 
distinct individuals those with a distance greater than 
1m between the ends of their crowns, with branches 
coming at the same point, visually configuring the 
unitary structure of shrub or subshrub.
 For each inventoried specimen, we recorded 
the location parameters within the plot (coordinates 
x, y), total height and basal diameter (bd, measured 
5 cm from soil) of the main branch (higher), quantity 
of secondary branches, and if it was present in 
environment with or without rocky outcrops.
 For the phenological study, we selected 16 
individuals within two of the implemented plots, 
totalizing 8 in each. The criteria for selecting the 
individuals were the location (being located in the 
central line of the plots) and the number of branches 
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per individuals (having at least three branches, to 
mitigate the difference in size between individuals). 
Individuals were labeled and numbered sequentially. 
Observations and data collection were performed 
monthly for the emergence parameter of new leaves 
and eight times per month for the registration of floral 
buds phenophases, flowering (anthesis) and fruiting. 
Field observations were carried out from May 2016 
to April 2017.
 The intensity of leaf emergence phenomenon 
was estimated for each individual according to the 
methodology of Ribeiro & Castro (1986), which is 
easy to apply in the field. The method recommends 
the following class intervals: 0 = 0% (absence of the 
phenomenon), 1 = 4%, 2 = 15%, 3 = 30%, 4 = 50%, 
5 = 70%, 6 = 85%, 7 = 96% and 8 = 100%. For 
flowering and fruiting were counted the quantities of 
flower buds, flowers and fruits from all inflorescences 
emitted in up to three branches per plant sampled.

Analyses and statistical tests - To verify the influence 
of the areas with and without outcrops on the 
abundance of the individuals, chi-square trend tests 
were performed, at a significance level of 5%. In each 
plot we observed an occupation of rock outcrops of 
10% to 50% of the area, for example, in a 50% of its 
area covered by rock outcrops, we found 50% of the 
area without outcrops. In this way, we used the number 
of individuals inventoried in the environment with 
and without rocky outcrops and the proportional size 
of the area with rocky outcrops (10%, 20%, 30% and 
50%) and without rocky outcrops (90%, 80% ,70% 
and 50%) within each plot. The trend test (A) may be 
increasing (A > 0), indicating, for example, that as the 
area with rocky outcrops inside the plots increases, 
there is an increase in the number of individuals 
inventoried, or decreasing (A < 0), indicating inversely 
proportional relations between these variables. In 
order to test the influence of the rocky outcrops on the 
density of the individuals of A. humile, the number of 
individuals in the different environments in which they 
occurred was counted. The Wilcoxon-Mann-Whitney 
U test was used to compare the medians of density, 
height, basal diameter and number of branches per 
individual located in environments with and without 
rocky outcrops.
 The Spearman correlation (Rho) was used to test 
whether the competition for light and space between 
the branches causes leads to greater growth in total 
height of the specimen. The analysis of the degree of 
association between the number of branches and the 

total height of the individuals will indicate the type 
of relation (positive, negative or indifferent) and the 
intensity between these variables.
 The Morisita’s Index (MI), used by Budke et al. 
(2004) and by Vasconcelos et al. (2011) was used 
here to know the spatial distribution pattern of the 
population, including the presence of rocky outcrops. 
The MI is the most indicated method to verify the 
spatial distribution pattern of individuals in each plot 
because it uses sample units (plots) and is slightly 
influenced by the size of the sample unit, presenting 
excellent detection qualities (Nascimento et al. 2001). 
The significance for the values calculated for the 
Morisita’s Index (MI) was obtained by means of the 
chi-square test at a significance level of 5%.
 For the spatial distribution analysis of the 
individuals of A. humile were determined the 
Mclu and Muni, the upper and lower limits of the 
Morisita’s Index for a random distribution and the 
Imst (Standardized Morisita’s Index) (Hairston et al. 
1971, Krebs 1999). If imor > mclu the species has 
an aggregate spatial distribution, if imor < muni, the 
spatial distribution pattern is regular. If Imst varies 
between -0.5 and 0.5, the distribution is random, if 
it is less than -0.5, the distribution is regular and if 
greater than 0.5, the distribution is aggregate.
 In order to evaluate the population size structure 
and infer about its stability and auto-regeneration 
capacity, the intervals of histograms classes of height 
and basal diameter of the individuals were defined 
by the formula A/K. In this formula, A represents 
the range of the mean values (for height and basal 
diameter) and K the number of class intervals defined 
by the Sturges algorithm: K = 1 + 3.3 × Log.N, where 
N is the number of individuals sampled (Paixão 1993). 
A population in dynamic equilibrium, with auto-
regeneration capacity, will present a greater number of 
individuals in the first classes of total height and basal 
diameter, with abundance decreasing as the classes of 
these variables increases.
 The population growth pattern was evaluated by 
using a simple linear regression, after transformation 
of the height and basal diameter data into logx + 1 and 
analysis of the hypsometric curve and its mathematical 
equation. The regression coefficient (b) served to 
indicate which of the variables was more important 
for population growth.
 The ratio between height and basal diameter was 
also calculated according to the basal diameter classes 
presented in the histogram to evaluate the importance 
of these variables in individuals of different sizes. 
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Significance was assessed using the Kruskal-Wallis 
H Test and posteriorly by Student-Newman-Keuls 
(SNK) test.
 The descriptive statistics, correlation tests and 
regressions were performed in the Biostat program 
version 5.0 (Ayres et al. 2007), while the spatial 
distribution analyses were performed in the R program 
(R Core Team 2017), using the vegan package 
(Oksanen et al. 2016).
 For the analysis of the phenological data, two 
evaluation methods were applied, adapted from 
Bencker & Morellato (2002):
 Index or Percentage of Intensity (II), which aims 
to estimate the intensity of the phenophases: in case 
of emergence of new leaves, the intensity values 
obtained for all individuals were added to each month, 
according to class intervals of Ribeiro & Castro (1986) 
and divided by the maximum possible value. The value 
was multiplied by 100 to convert it into a percentage, 
as well as the one adopted in the method of Fournier 
(1974). For the flower bud, flower and fruit data, the 
monthly value found for each parameter was summed, 
referring to all individuals sampled and divided by the 
total produced in the reproductive year. The value was 
also converted into percentage.
 Activity Index (AI), or individuals’ percentage, 
which consists of the presence or absence of 
phenophases by individuals. It has a quantitative 
aspect, indicating the percentage of individuals 
sampled that is manifesting a certain phenological 
event. This method estimates the existing synchrony 
between the individuals of a population (Morellato & 
Leitão-Filho 1990).
 The analysis of climatic influence on the 
occurrence of phenophases was performed according 
to França et al. (2017), with minor modifications. The 
monthly averages of maximum temperature, minimum 
temperature, mean temperature, relative humidity and 
insolation were obtained by the Alto Paraíso de Goiás 
Weather Station (INMET 2017), located about 70 km 
study area. The values of monthly precipitation were 
obtained locally using a rain gauge (pluviometer) 
installed in the Quilombola community Kalunga, 
about two thousand meters away from the study area 
(table 1).
 The Variation Inflation Factor (VIF) was used 
to test the existence of multicollinearity among the 
predictive climatic variables. Finally, four variables 
with lower inflation values (VIF ≤ 3) were selected 
to compose the set of predictor variables: total 
precipitation (VIF = 2.17), maximum temperature 

(VIF = 3.07), relative humidity (VIF = 2.49) and 
insolation (VIF = 2.29). This analysis performed in 
the R package faraway (Faraway 2016).
 The Intensity index (II) of each phenophase was 
used to represent the response of the population to the 
climatic variables. Due to the high variability between 
the units of measurements of each variable, the entire 
data set was log-transformed (Log + 1). The effect of 
the predictive climatic variables on the emergence 
of new leaves, floral bud, flower and fruit was tested 
using multiple linear regression analysis using the lm 
function in the R package vegan (Oksanen et al. 2016).

Results

Abundance and density - We sampled 417 individuals 
of A. humile in the four sample plots, which resulted 
in an average density of 104.25 ind ha-1 (+ 60.35, 
CV = 57.90%). The variability of the number of 
individuals registered between the plots was 46 to 
189 (table 2).
 The abundance of individuals in rocky outcrop 
soil (263) was greater than that found to individuals in 
without rock outcrops soil (154) (table 2). Plots with 
greater area with rocky outcrops presented a larger 
number of individuals on their outcrops (A = 47.5851; 
X² = 21.0023; p < 0.0001), evidencing a preferential 
habitat for the species, since plots with greater 
proportion of areas without rock outcrops showed 
a decreasing trend in the number of individuals 
inventoried (A = -47.5851; X² = 21.0023; p < 0.0001). 
The disproportionality of the size of the area with 
rocky outcrops between the plots contributed to the 
high coefficient of variation of the average density 
of individuals inventoried (73%) and contributed to 
the average density of individuals so that was not 
statistically different between the environments with 
and without rocky outcrops (U = 5, p = 0.3865).
 The density of branches per individual differed 
according to the environment in which it was found 
(U = 17122, p = 0.0084). The medians of branches 
per tree were greater among those located in the sandy 
substrate without rocky outcrops (4.50 branches ind-1) 
than those located within rocky outcrops (3 branches 
ind-1).

Spatial Distribution - The spatial distribution pattern of 
the individuals found in the plots was aggregate, since 
the results of the Morisita’s Index (Imor) were greater 
than the minimum value for a random distribution 
(Mclu), and the Standardized Morisita Index (Imst) 
was greater than 0.50 in all inventoried plots. The Chi-
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Table 1. Mean values of temperature, relative humidity (RH), insolation and accumulated monthly precipitation in the study 
area, from May 2016 to April 2017.

Month
Temperature ºC RH (%) Precipitation Insolation

Maximum Minimum Mean (mm) (Kj m-²)
2016
May 21.83 20.17 20.98 62.35 0 775.23
June 20.07 18.47 19.26 61.24 0 672.5
July 20.66 18.85 19.74 47.63 0 799.04
Ago 22.1 20.23 21.15 44.78 0 804.23
Set 23.53 21.78 22.63 39.98 46 776.87
Oct 22.94 21.41 22.15 44.85 43.7 798.96
Nov 22.16 20.78 21.45 56.01 267 767.02
Dec 21.87 20.44 21.14 59.1 210 849.41
2017
Jan 22.07 20.43 21.22 63.97 165 805.4
Feb 20.89 19.72 20.27 69.86 240 655.16
Mar 21.81 20.31 21.03 68.06 203 783.92
Apr 21.66 20.25 20.94 72.57 125 755.03

Table 2. Descriptive statistics of the number of individuals and branches of A. humile registered in four plots of cerrado 
stricto sensu area, in the Quilombola community Kalunga, Cavalcante, Goiás State, Brazil. Values followed by different 
letters presented significant differences (p < 0.05).

General Without rocky outcrop soil Rocky outcrop soil
Individuals Individuals Branches Individuals Branches

Abundance 417 154 904 263 1149
Minimum 46 27 1 19 1
Maximum 189 53 42 136 25

Range Total 143 26 41 117 24
Median 91 37 a 4,50 a 54a 3 b
Mean 104.25 38.5 a 5.87 a 65.75 a 4.37 b

Standard Dev. 60.35 14.18 5.72 50.08 3.70
Coefficient of variation 

(%) 57.90 31.63 97.48 76.17 84.84

squared test results were significant (pchisq < 0.001) 
in all plots (table 3).
 One of the factors that contributed to the 
population aggregation was the size of the area with 
rocky outcrops within the plots. Sites with rocky 
outcrops showed greater abundance and density of 
individuals, and a spatially aggregated distribution 
pattern. By contrast, the sites without rocky outcrops 
presented more sparse individuals, including a random 
distribution pattern for plots 1 and 2 (table 4, figure 1).

Size structure - Individuals of the population of A. 
humile presented on average 87 cm (+ 33.82) of total 
height, 4.92 branches (+ 4.60) and 0.97 cm (+ 0.57) 

of basal diameter of the main branch. The data range 
for each parameter analyzed was large and the high 
standard deviation indicates a high dispersion of these 
data from the mean (table 5).
 When analyzing the three variables together, 
it is noticeable that the total height data are more 
homogeneous than those of basal diameter and, 
especially, regarding the secondary branches, since 
its coefficient of variation (CV) was the lower among 
them (38.82%). On the other hand, the branch variable 
had a higher coefficient of variation (93.56%), with 
specimens presenting from 1 to 42 branches (table 5).
 Contrary to the observed for the medians of branch 
density per individuals, we did not find differences 
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Table 3. Morisita’s Indices values per plot and their spatial distribution patterns for individuals of Anacardium humile A. 
St.-Hil. inventoried in the Quilombola community Kalunga, Cavalcante, Goiás State, Brazil. Imor: Morisita’s Index. Imst: 
Standardized Morisita’s Index. Mclu: the upper limit of the Morisita’s Index for a random distribution. Muni: the lower 
limit of the Morisita’s Index for a random distribution. (**) Significant value at a level of 1 %.

Plot Imor Mclu Muni Imst Pattern
1 2.20 1.28 0.81 0.53** Aggregate
2 1.76 1.14 0.90 0.52** Aggregate
3 1.40 1.07 0.95 0.51** Aggregate
4 1.89 1.14 0.90 0.52** Aggregate

Table 4. Morisita’s Indices values in environments with and without rocky outcrops within each plot and respective spatial 
distribution pattern of individuals of Anacardium humile A. St.-Hil. inventoried in Quilombola community Kalunga, 
Cavalcante, Goiás State, Brazil. Imor: Morisita’s Index. Imst: Standardized Morisita’s Index. Mclu: the upper limit of the 
Morisita’s Index for a random distribution. Muni: the lower limit of the Morisita’s Index for a random distribution. (*) 
Significant value at a level of 5 %. (**) Significant value at a level of 1 %.

Plot
Without Rocky outcrops With Rocky outcrops

Imor Mclu Muni Imst Pattern Imor Mclu Muni Imst Pattern

1 1.55 1.48 0.66 0.50* Random 4.68 1.69 0.51 0.60**
Aggregate

2 1.25 1.43 0.70 0.29 Random 3.17 1.20 0.86 0.57** Aggregate
3 3.10 1.24 0.83 0.56** Aggregate 1.80 1.09 0.93 0.52** Aggregate
4 1.67 1.29 0.80 0.51** Aggregate 4.20 1.28 0.80 0.60** Aggregate

Figure 1. Spatial distribution of Anacardium humile A. St.-Hil. within four plots in the Quilombola community Kalunga, Cavalcante, Goiás 
State, Brazil. Distinct color scores represent specimens in different environments: without rock outcrop (black) and with rock outcrop (red).
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Table 5. Descriptive statistics of the parameters of total height, branches and basal diameter of the individuals of Anacardium 
humile A. St.-Hil. inventoried in the Quilombola community Kalunga, Cavalcante, Goiás State, Brazil.

n (individuals) = 417 Total height (cm) Basal diameter (cm) Branch (unit)
Minimum 26 0.20 1.00
Maximum 260 7.20 42.00
Range 234 7.00 41.00
Median 80 0.90 3.00
Mean 87 0.97 4.92
Standard Deviation 33.82 0.57 4.60
Coefficient of variation (%) 38.83 58.27 93.56

between the medians of height (U = 19080, p = 0.3242) 
and basal diameter (U = 19984.5, p = 0.8225) of the 
individuals located in environments with and without 
rocky outcrops. Thus, regardless of the environment 
in which they are within the plot, the individuals 
have the same size. The number of branches and the 
total height of A. humile individuals presented low 
correlation (rho = 0.36, p < 0.001).

Most individuals (53%) had between 0.20 cm and 0.93 
cm of basal diameter - with a decrease of individuals 
in the classes above 1.66 cm (figure 2) - and height 
ranging from 50 - 122 cm (figure 3). We did not find 
individuals with BD < 0.20 cm and total height less 
than 0.26 m, in the ontogenetic stage of seedlings.
 The studied population presented greater 
investment in height than in basal diameter since 
the allometric coefficient of the linear regression 
between basal diameter and total height (F = 
402.464, p < 0.0001, R2 = 0.4923) was higher 
than 1 (b = 1.1817) (figure 4). Moreover, there are 
differences in the height / diameter ratio according to 
diametric classes (H = 821424, p < 0.001). We noticed 
a decreasing in this ratio as individuals increase in 
diameter. The height investment is greater between 
0.20-0.93 cm of diameter and becomes smaller in the 
following classes, especially from 1.66 cm (figure 5).

Phenology - All monitored plants maintained their 
leaves throughout the year (evergreen) and only 
two plants showed no reproductive phenophases. 
Changes in the phenophases occurred mainly from 
May to September 2016. The emergence of new leaves 
occurred between May to November 2016 and from 
February 2017. The peak of synchronization (AI) of 
this phenomenon occurred in August 2016, although 
it was more intense (II) in the months of June - right 
after the plants started the reproductive period - and 
in August, with the decrease in the number of plants 
with flower bud emergence.

 The floral bud emergence occurred from May to 
September, with a higher frequency between May and 
August, presenting higher AI and II in July. Flowering 
also occurred between May and September, with a 
peak in the activity and intensity of the phenophase 
in July, and in a smaller quantity in August. Fruiting 
occurred between July and September, with higher AI 
and II in August (figure 6 and figure 7).
 According to the regression models, precipitation 
explained 68% of the variation in the emergence of 
new leaves (leaf out), with greater occurrence of 
this phenophase in the months of lower precipitation 
(β = -0.41). The maximum temperature (β = -26.96), 
relative humidity (β = -4.84) and precipitation 
(β = -0.22, p = 0.05) corresponded, inversely 
proportional, for 87% of the causes that induced 
the floral bud emergence by plants. The variables 
maximum temperature (β = -26.55) and relative 
humidity (β = -5.83) explained 75% of flowering, 
which was more intense during the months that 
presented lower maximum temperatures and lower 
relative humidity. Yet for fruit production phenomena, 
there were no climatic variables with significant beta 
values. It was only observed an influence of relative 
humidity (β = -6.24, P = 0.06), inversely proportional, 
on the intensity of this phenophase (table 6).

Discussion

 The occurrence of sites with rocky outcrops, 
where the species showed the greatest abundance, 
explains the high variation in density of individuals 
within the study area. Plots with higher occurrence of 
rocky outcrops showed higher abundance of A. humile, 
demonstrating the affinity of the species with this 
type of environment. Sites with rocky outcrops have 
few and small spaces for plants, shallow soils with 
low water storage capacity, subject to long periods 
of water shortage and short moments with excessive 
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Figure 2. Distribution of individuals of the population of Anacardium humile A. St.-Hil. in classes of basal diameter (cm), inventoried in 
the Quilombola community Kalunga, Cavalcante, Goiás State, Brazil.

Figure 3. Distribution of individuals of the population of Anacardium humile A. St.-Hil. in classes of total height (cm), inventoried in 
the Quilombola community Kalunga, Cavalcante, Goiás State, Brazil.

water and floods, as well as the punctual accumulation 
of organic matter, great daily temperature range and 
high insolation (Harley 1995, Conceição & Giulietti 
2002, Conceição & Pirani 2005, Conceição 2006).
 An important factor that may be contributing to the 
greater abundance of the species is the heterogeneity 
of the fire distribution in the areas of rocky outcrop. 
The absence or low amount of fuel in the exposed rock 
prevents the continuity of the fire and contributes to 
the formation of a mosaic of burned areas, remaining 
islands of vegetation not affected directly by the fire 
(Conceição & Pirani 2005, Neves & Conceição 2010). 
These environments can be called nurse rocks, since 
they facilitate the reestablishment of plants after the 

passage of fire (Gonçalves et al. 2016), especially 
when compared to sandy soils with no outcrops (Brito 
2011).
 The fire history and the greater space available for 
the development and growth of vegetative structures 
in sandy soil without rocky outcrops may explain 
the higher density of branches per individual than 
those located in rocky outcrops. The plants located 
in places without rocky outcrops may have suffered 
greater damage due to the fire that occurred five years 
ago, and those that survived produced, in response, 
a increased number of regrowth. On the other hand, 
the individuals that were in the rocky outcrops, more 
protected from the fires, possibly had fewer injuries 
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Figure 4. Regression line and correlation between basal diameter (BD) and total height (H) data of a population of Anacardium humile 
A. St.-Hil. inventoried in the Quilombola community Kalunga, Cavalcante, Goiás State, Brazil.

Figure 5.  Height / basal diameter ratio (BD) in Anacardium humile A. St.-Hil. plants in different diametric classes, inventoried in the 
Quilombola community Kalunga, Cavalcante, Goiás State, Brazil. Means followed by the same letters do not differ statistically from 
each other at 5% probability by the SNK test.

and lower mortality rates, that resulted in the lower 
stimulus of regrowth, and were still influenced by the 
spatial and edaphic limitation for their development.
 The aggregate spatial distribution pattern of 
the individuals seems to be predominant among the 
arboreal-shrub species of the Cerrado (Bernasol & 
Lima-Ribeiro 2010). Aggregation is common in 
tropical species with asexual propagation (Lima-
Ribeiro & Prado 200, Pare et al. 2009), capacity 
observed in A. humile, but can also be caused by 
local seed dispersal events (Hubbel 1979, Nathan 
& Muller-Landau 2000) and due to environmental 

heterogeneity (Barbour et al. 1987, Hutchings 1997, 
Thomas & Kunin 1999, Hardy & Sonké 2004).

It is evident the performance of the rocky outcrops - 
environmental heterogeneity - as a strong mechanism 
acting in the demographic arrangement of A. humile. 
For Hutchings (1997), different soil patches with 
suitable conditions for the establishment of the 
individuals and dispersal agents in an area, and 
the greater adaptability of the population causes 
aggregation due to the local environmental variations. 
Moreover, the vegetative propagation capacity of the 
species also influences the growth of branches parallel 
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Figure 6. Phenogram built with phenological data of the Activity Index (AI) for the phenophase of new leaves emergence (AI_Leav), 
floral bud emergence (AI_Bud), production of flowers (AI_Flow) and fruits (AI_Frui) of Anacardium humile A. St.-Hil., in a Cerrado 
stricto sensu area in the Quilombola community Kalunga, Cavalcante, Goiás State, Brazil.

Figure 7: Phenogram built with phenological data of the Intensity Index (II) for emergence of new leaves (II_Leav), floral buds (II_Bud), 
production of flowers (II_Flow) and fruits (II_Frui) of Anacardium humile A. St.-Hil., in a Cerrado stricto sensu area in the Quilombola 
community Kalunga, Cavalcante, Goiás State, Brazil.

to the soil. Grando (2009) found this same distribution 
pattern for the branches of another population of A. 
humile.
 We found great variation in total height, basal 
diameter, and number of branches per individuals 
within the study population, indicating the high 
morphological variability of the species. The 
distributions in diameter and height classes presented 
higher numbers of individuals in the lower classes, 
typical of populations with a stable size structure. 
The pattern found, also called inverted-J, shows 
the species’ performance against stochastic events, 

competition for nutrients, light and water, as well as 
herbivores attack, pathogens, physical damages and 
density-dependent factors, especially in the early 
stages of life (Janzen 1970, Augspurger 1983, Harper 
1990).
 In the present study, this pattern is not only 
a result of successful recruitment of sexually 
conceived individuals (genets). The small number 
of individuals in the class of 0-50 cm high indicates 
a low amount of inventoried regenerants (seedlings 
and infants) and the causes for this may be related to 
the post-seed dispersal time in which this census was 
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Table 6. Results of multiple regression analyzes between climatic variables and phenological parameters of new leaves 
emergence (Pheno_leav), floral bud (Pheno_bud), flowering (Pheno_flow) and fruiting (Pheno_Frui) in plants of Anacardium 
humile A. St.-Hil. registered in the Quilombola community Kalunga, Cavalcante, Goiás State, Brazil. Max.Temp.: maximum 
temperature. RH: relative humidity.

Response variable ra² F p Explanatory 
variable

Angular 
coefficient (β) p

Pheno_leav 0.68 6.86 0.01 Precipitation -0.41 0.01
Pheno_bud 0.87 19.48 < 0.01 Max. Temp. -26.96 < 0.01

RH -4.84 < 0.01
Precipitation -0.22 0.05

Pheno_flow 0.75 9.39 < 0.01 Max. Temp. -26.55 0.03
RH -5.83 0.01

Pheno_frui 0.65 3.27 0.08 RH -6.24 0.06

conducted (more than seven months after the fruiting 
occurred in 2015) and the responses of development, 
growth, and establishment in the environment by the 
specimens, as well as the species difficulty to form 
sub-population, as observed by Faria et al. (2013) for 
Brosimum gaudichaudii Trécul in the Cerrado area, 
state of Mato Grosso. Moreover, the low frequency of 
individuals in this class may also show a more recent 
recruitment, perhaps due to the origin of the post-fire 
event, considering that this area suffered forest fire 
five years ago.
 In fact, vegetative reproduction or branching 
in response to events such as fires, common in the 
Cerrado woody plants (Coutinho 1990, Ramos 1990, 
Muramaki & Klink 1996, Rocha & Silva 1999, 
Hoffmann & Solbrig 2003, Sato 2003) can explain 
the large number of individuals in the smaller size 
classes. There is a large literature that presents rapid 
post-fire recovery, through sprouts in the epigeal part 
from the gemmiparous roots or from the basal portion 
of the stem (Miranda & Sato 2005).
 The total height of the specimen was not 
influenced by the number of branches per individuals, 
which suggests low competition for light between 
them. This result contradicted our hypothesis that the 
greater the number of branches in an individual, the 
greater would be their total height, due to competition 
for light and space. However, the most significant 
investment in height, especially in the first diametric 
classes, found for A. humile, shows that individuals 
are taller than thick and their branches, although 
flexible and with a small diameter, are sufficient to 
support the aerial part. Moreover, this behavior is 
attributed by Dodonov et al. (2011), after analyzing 
the allometry of Dalbergia miscolobium Benth., 

Diospyros hispida A. DC., Miconia ligustroides (DC.) 
Naudin, Schefflera vinosa (Cham & Schltdl.) Frodin 
& Fiaschi and Xylopia aromatica (Lam.) Mart., as 
a response of many species to recurrent fires in the 
Cerrado. Fernandes (2012) evaluated survival and 
initial growth after fire disturbance of Anacardium 
humile A. St.-Hil., Dipteryx alata Vogel, Magonia 
pubescens A. St.-Hil. and Tabebuia aurea (Silva 
Manso) Benth. & Hook.f. ex S.Moore, and found 
high growth rates and number of leaves for A. humile, 
which reported the greatest response to the fire effect.
 It is likely that the fire occurred in the study area 
five years ago has profoundly altered the structure of 
the A. humile population through the massive topkill 
effect and subsequent resprouts of individuals. This 
explains why 53% of the individuals were in the first 
class of basal diameter and 41% in the second class. 
Other studies also showed changes in the population 
structure after fire events, such as greater number of 
sprouts (branches) and changes in height and diameter 
of plants as in Kielmeyera coriacea Mart. & Zucc. and 
Stryphnodendron adstringens (Mart.) Coville (Neto 
et al. 2008), Kielmeyra coriacea Mart. and Zucc., 
Kielmeyera grandiflora (Wawra) Saddi, Tabebuia 
aurea (Silva Manso) Benth. & Hook.f. ex S. Moore 
and Ouratea hexasperma (A. St.-Hil.) Baill (Vale & 
Lopes 2010). According to them, the plants suffered 
damages mainly in the layers below 1.5 m, leading to 
the death of the aerial part (“topkill”) in most of them, 
and later emergence of underground and aerial sprouts, 
modifying the populations. Among the species, K. 
grandiflora was stood out for its rapid growth from 
the underground structures.
 The evergreen pattern found for A. humile is 
common for Cerrado plants (Oliveira 1991). The 
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emergence of new leaves was intense in two periods - 
both among the months of least precipitation - related 
to the emergence of floral buds and flowers: one that 
precedes the peak in intensity of floral bud and flower 
emergence at the beginning of the dry period, and 
right after the cessation of these emissions, in the 
midst of the rainy period. Thus, after the emergence 
of new leaves, the plant emits the inflorescence in 
the same branch. The investment in the emergence 
of new leaves is only resumed after the cessation of 
floral bud’s emergence. In this case, the presence of 
new leaves is likely to increase the energy efficiency 
of the plants, providing the energy needed for the 
subsequent flowering and fruiting peak, as observed 
by Pirani et al. (2009) in the State of Mato Grosso.
 The strategy of sprouting and leaf development 
before or at the beginning of the rainy season is 
common in perennial savanna plants (Montes & 
Medina 1977, Sarmiento et al. 1985, Felfili et al. 
1999, Lenza & Klink 2006, Oliveira 2008, Silvério & 
Lenza 2010, Faria et al. 2015). This contributes to the 
development of their more efficient photosynthetic, in 
addition to greater resistance to insect predation attacks 
during the rainy season (Lieberman 1982, Felfili et al. 
1999, Silvério & Lenza 2010). The presence of tubers, 
as in A. humile, is one of the adaptations of Cerrado 
plants to water shortage (Jackson et al. 1999, Franco 
et al. 2005, Faria et al. 2015), which allows the 
production of leaves in dry period and maintenance 
of the foliage throughout the year (Sarmiento et al. 
1985, Felfili et al. 1999, Franco et al. 2005, Lenza & 
Klink 2006, Oliveira 2008, Soares et al. 2014, Faria 
et al. 2015).
 Phenophases of floral bud emergence and 
flowering were negatively influenced by maximum 
temperature, relative humidity, and precipitation. 
Flowering during drought seems to be a common 
pattern of the Cerrado tree vegetation (Miranda 1995, 
Gouveia & Felfili 1998, Batalha & Mantovani 2000, 
Lenza & Klink 2006, Tannus et al. 2006, Pirani et al. 
2009), and also of other tropical forests (Janzen 1980, 
Murali & Sukumar 1994, Justiniano & Fredericksen 
2000). The highest intensity of flower bud and flower 
emergence found in this study occurred when the 
maximum temperatures were lower. These changes 
in temperatures, together with the reduction of the 
photoperiod in the dry season, are considered variables 
that induce flowering (Fournier 1966, Janzen 1967, 
Araújo 1970, Daubenmire 1972, Lieberman 1982, 
Silvério & Lenza 2010). Flower production occurred 
in the period of least precipitation and according to 
Janzen (1967), this is a strategy of savanna species 

to avoid damage to their flowers during rainfall. 
Moreover, according to this author, the flowers are 
easier to be discovered and pollinated, thanks to the 
deciduous plant communities, besides benefiting from 
the reduction of herbivory in this period.
 The fruit production had a peak of intensity 
in August, suggesting seed dispersal right before 
the onset of rains. This increases the probability of 
seedling germination and growth, when the seeds are 
benefited by the moisture and abundance of nutrients 
released from the decomposition of the accumulated 
litter in the dry season and propitiates the development 
of a deep root system before the next drought (Felfili 
et al. 1999, Oliveira 2008, Pirani et al. 2009, Silvério 
& Lenza 2010). In this case, A. humile has its 
reproductive phenology directed to ripen fruits and 
release seeds at periods more suitable to the growth 
and survival of their seedlings. The fact that the seeds 
of this species do not present dormancy (Avila et al. 
2009) and use seedling establishment as a survival 
strategy (Carvalho et al. 2005) reinforce the present 
hypothesis.
 Although Anacardium humile has been found in 
the cerrado stricto sensu and campo sujo areas, the 
few studies carried out with this species show a lack 
of knowledge on its distribution in the Cerrado and its 
phytophysiognomies. This work demonstrated that in 
cerrado stricto sensu, individuals are distributed in an 
aggregate form and that rocky outcrops can enhance 
this pattern. The specimens present great range in 
diameter, height, and number of branches, being 
able to emerge new branches after the occurrence of 
events such as fires. The vegetative and reproductive 
phenologies of the species present significant changes 
in the dry period, as a strategy for the dispersion of 
seeds and subsequent establishment of the plants 
during the beginning of the rainy period. In this way, 
this study shows important results on the population 
ecology that can contribute in the development of 
management plans for the conservation of the species.
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