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Sustainable Harvest of Mangaba (Hancornia speciosa) Fruits in Northern Minas Gerais, Brazil.
The harvesting of non–timber forest products can contribute to conserving biodiversity and
improving quality of life for rural communities. However, overexploitation can generate
negative impacts on harvested populations, demanding the establishment of sustainable
management practices. We estimated the maximum sustainable harvest of Hancornia speciosa
Gomes (Apocynaceae) fruits in a savanna in northern Minas Gerais state, Brazil. The structure
and population dynamics were analyzed in 70 permanent plots (20 x 50 m) in the years 2008–
2011. A matrix population model based on life stages (seedlings, saplings, adults 1, adults 2)
was used to calculate the population growth rate (1), the stable stage distribution and the
elasticity, and to simulate the effects of different fruit harvesting levels. The population growth
rate (1) value was 1.02 (CI95% 0.98 to 1.05), the maximum sustainable fruit harvest rate was
87%, and the elasticity analysis indicated that survival of the larger–size adults is the most
important parameter to maintain the population. Apparently, the H. speciosa population is
stable, which may indicate that the current harvesting level is not affecting population
regeneration. However, other natural or anthropic disturbances, such as charcoal production
and fire, can increase adult mortality, leading to population decline.

Extrativismo sustentável de frutos de mangaba (Hancornia speciosa) no norte de Minas Gerais,
Brasil. O extrativismo de produtos florestais não madeireiros pode contribuir para conservar a
biodiversidade e melhorar a qualidade de vida de comunidades rurais. Entretanto, a exploração
excessiva pode impactar negativamente as populações exploradas, o que demanda o
estabelecimento de práticas sustentáveis de manejo. Para estimar a taxa máxima de coleta
sustentável dos frutos de Hancornia speciosa Gomes (Apocynaceae) realizamos um estudo em
uma área de cerrado no norte do estado de Minas Gerais, Brasil. A estrutura e a dinâmica
populacional foram analisadas em 70 parcelas permanentes (20 x 50 m) nos anos 2008–2011.
Modelos de matriz populacional baseados em estágios de vida (plântulas, juvenis, adultos 1 e
adultos 2) foram utilizados para calcular a taxa de crescimento populacional (1), a distribuição
estável de classes, a elasticidade e para simular os efeitos de diferentes níveis de coleta de
frutos. A taxa de crescimento populacional (1) foi 1.02 (IC95% 0.98 a 1.05), a taxa máxima de
coleta sustentável é de 87% dos frutos e a análise de elasticidade mostrou que a sobrevivência
dos adultos de maior tamanho é o parâmetro mais importante para a manutenção da
população. Aparentemente a população de H. speciosa está estável, o que pode ser um
indicativo de que o extrativismo praticado não está afetando a regeneração da população.
Porém, outros distúrbios naturais ou antrópicos, como a produção de carvão e o fogo, podem
aumentar a mortalidade de adultos levando a um declínio populacional.
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Introduction
The harvesting of non–timber forest products

(NTFPs) has lower negative impacts on ecosys-
tems than monoculture and livestock. This
activity is potentially compatible with efforts to
integrate biodiversity use and conservation
(Shanley et al. 2002), despite possible ecological
and livelihood risks associated with unplanned
promotion of trade in NTFPs (Belcher and
Schreckenberg 2007). NTFPs can contribute to
improving income and supplying the needs of
rural communities (Ticktin 2004; Pouliot 2012),
the importance of these products being greater in
the poorest communities (Godoy et al. 1995;
Gunatilake et al. 1993; Ticktin 2004).

However, valorization and trade of NTFPs may
lead to overharvesting, impacting vegetation at
several levels, from individuals to ecosystems. The
effects of harvesting are highly variable, depending
on the plant part harvested, plant life history,
environmental conditions, management, and the
frequency and intensity of harvesting. The most
direct ecological consequences are changes in
survival rate, growth, and reproduction of the
individuals harvested, modifying population struc-
ture and dynamics (Ticktin 2004). Plants’ ability to
compensate for losses resulting from harvesting
depends on the resources available for their
recovery (Gaoue and Ticktin 2007 and 2008),
which may vary between sites. Generally, fruit
harvesting does not affect the reproductive capacity
of individuals, but can reduce population regener-
ation, which may affect its future persistence (Hall
and Bawa 1993).

With more knowledge of population dynamics it is
possible to use matrix population models to estimate
the maximum sustainable harvest (e.g., Freckleton et
al. 2003; Guimire et al. 2008; Ticktin and Nantel
2004; Zuidema and Boot 2002). These models are
very useful, allowing harvesting impacts to be
evaluated and optimal harvesting systems to be
identified through growth rates, mortality, and
recruitment of individuals over time (Caswell 2001).

For resources harvested, sustainable management
practices that favor resource maintenance after
extraction need to be developed (Guedje et al.
2007) so that the harvesting rates do not exceed the
population’s ability to replenish its individuals
(Ticktin 2004). Knowing the ecology of the plant
and assessing the quantitative impacts of harvesting
are important for the development of management
and conservation strategies of the exploited resource
(Hall and Bawa 1993; Plowden 2004). This can be

achieved by understanding the population dynamics
and the quantitative analysis of the harvesting impact
on natural populations (Guedje et al. 2007;
Gunatilake et al. 1993; Hall and Bawa 1993).

To this end, we studied the dynamics of
Hancornia speciosa Gomes (Apocynaceae), a com-
mon tree of the Brazilian savanna (known as
Cerrado) and one of the most exploited species in
northern Minas Gerais state, in southeastern
Brazil. To estimate the impact of harvesting
pressures and to contribute to sustainable
harvesting and conservation of this species, we
(1) evaluated whether or not the current fruit
harvest level affects population growth rates and
(2) estimated the maximum sustainable fruit
harvest through matrix population models using
information about fruit productivity, structure,
and population dynamics. Results will help to
define sustainable fruit harvesting levels and
management practices to be implemented by the
communities harvesting H. speciosa fruits.

Materials and Methods
STUDY AREA

The municipality of Rio Pardo de Minas
(Figure 1), located 276 km from Montes Claros,
in the northern region of Minas Gerais state,
Brazil (15º36'37'' S, 42º32'23'' W) covers 3,119
km2 and has 28,633 inhabitants, most of them in
rural areas (IBGE 2008). The regional vegetation
is a transition between Cerrado, the world’s most
endangered savanna, which sustains high levels of
endemism (Myers et al. 2000), and the semiarid
Caatinga. Most of the vegetation has been
removed for charcoal production and the land is
now mainly covered by commercial Eucalyptus
plantations (Correia et al. 2010). The climate is
semiarid and the average annual rainfall is 880
mm; Aw climate predominates (Köppen classifi-
cation), with rainy summers and dry winters
(Nimer 1979). The study area, locally named
Areião, covers 4,000 ha and is inhabited by
Cerrado stricto sensu, a plant physiognomy dom-
inated by small, gnarled trees with irregular and
twisted branches (Ribeiro and Walter 1998). This
area is well preserved, and despite having only
rough access tracks, it represents an important
source of NTFPs for local inhabitants and
protects important headwaters. For these reasons,
it is part of a larger area earmarked for the
creation of the Sustainable Development Reserve
Nascentes dos Gerais.
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The community Água Boa II, one of the 96
communities in the Rio Pardo de Minas municipal-
ity, comprises about 90 families of geraizeiros, rural
people living in northern Minas Gerais state, with
production systems heavily influenced by a close
relationship with the environment (Nogueira
2009). In this community, the geraizeiros practice
subsistence agriculture and obtain supplementary
income from handicrafts made out of clay and licuri
palm straw (Syagrus coronata [Mart.] Becc.). They
also sell native fruits, mainly pequi (Caryocar
brasiliense Cambess.) and mangaba (Hancornia
speciosa Gomes), which are the most used and
sought–after species in Areião (Lima et al. 2012). In
this area, inhabitants also harvest medicinal plants
and firewood, and raise cattle extensively. Harvested
fruits are used for their own consumption and for
sale at local and regional fairs and at a smallholders’
cooperative, the Grande Sertão (Gonçalves and Rosa
2005). The timber is used in buildings (such as
houses), fences, corrals, and tools as well as for
firewood in the production of artisanal pequi oil and
clay utensils (Lima et al. 2012).

STUDY SPECIES
Hancornia speciosa is a widely distributed tree

in the Cerrado and Caatinga ecosystems (Almeida

et al. 1998). It is drought–tolerant, grows well on
oxisols and quartzipsamments, which are charac-
terized by low organic matter, high acidity, and
low nutrient availability (Ferreira and Marinho
2007). The plant is 2-15 m high, with an
irregular crown, twisted branches, and a very
rough trunk. The fruit is ellipsoid or round,
measuring 2-6 cm, with 2-25 seeds, sweet and
acidic pulp, and yellow skin and red spots.
Flowering occurs from August to November,
peaking in October, and fruiting takes place from
July to October and January to April (Almeida et
al. 1998). In northern Minas Gerais, however,
fruits ripen from October to January, peaking in
November (Lima and Scariot 2010).
H. speciosa is popularly named mangaba,

meaning “something good to eat” in the Tupi–
Guarani indigenous language (Silva Júnior 2005),
a reference to its fruits, which have a high protein
content and are aromatic, tasty, and nutritious
(Parente et al. 1985). The fruits are widely
accepted on the market, both fresh and processed
(Almeida et al. 1998; Silva et al. 2001). In folk
medicine, the bark is used against skin diseases
and as a liver function stimulant (Almeida et al.
1998; Ferreira 1980), and the latex is used for
tuberculosis and ulcer treatments (Ferreira 1973).
This latex, known as mangaba milk, was widely

Fig. 1. Location of the study area, in the municipality of Rio Pardo de Minas, northern Minas Gerais state, Brazil.
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used in the early twentieth century as a substitute for
rubber (Hevea brasiliensis [Willd. ex A. Juss.] Müll.
Arg.), despite its lower quality (Ferreira 1973).

Fruits are harvested from the natural popula-
tion, with no planted areas known (Silva et al.
2006). Many smallholders boost their income
with the harvest and sale of H. speciosa fruits,
mainly in Sergipe, Bahia, and Minas Gerais states,
the largest fruit producers (Soares et al. 2004). In
Sergipe, mangaba plays an important role in the
economy of more than 2,500 families,
representing 60% of annual household income
(Mota et al. 2007). In 2010, the federal
government recognized the importance of this
species for rural populations’ income, and includ-
ed it in the rural products minimum price policy,
ensuring that production from rural communities
fetches a minimum defined price.

Many H. speciosa populations have been
destroyed, mostly in Northeastern Brazil (Pinheiro
et al. 2001; Souza et al. 2005) and in the Cerrado,
as a consequence of deforestation and land use
changes. Currently, the trade volume of H. speciosa
fruits does not meet market demand (Epstein
2004; Ferreira and Marinho 2007), indicating that
harvesting is likely to continue to grow.

STRUCTURE AND POPULATION DYNAMICS

To analyze H. speciosa structure and population
dynamics, we carried out a sampling in July 2008
in 70 randomly allocated permanent plots measur-
ing 20 m x 50 m (7.0 hectares) and a resampling
in July 2011. We allocated plots in a 1,200–
hectare area in Areião, where fruit harvesting is
most intense (15°28'16'' S, 42°29'43'' W). In each
plot, we recorded the diameter 30 cm above soil
level (DA30) of all H. speciosa individuals with
DA30 ≥ 5 cm. In plants with DA30 < 5 cm we
measured the diameter at soil level (DSL) in 10 m x
10 m subplots.

We assigned individuals into classes, based on
trunk diameter, reproduction status, and mortal-
ity probability: seedlings (< 2 cm DAS, 90% of
mortality probability, do not produce fruits);
saplings (2 to 5 cm DAS, 50% of mortality
probability, do not produce fruits), adults 1 (5 to
17 cm DA30, 86.6% individuals produce on
average 15.42 ± 14.01 fruits per plant) and adults
2 (17 to 40 cm DA30, all individuals produce on
average 72.06 ± 47.13 fruits per plant).

We tested the observed size class distribution
fit to the reverse J–shaped curve with the negative

exponential model (y=ae–bx) for the years 2008
and 2011. In this equation, y represents the
percentage of individuals in each class, x is the
size class midpoint, a is the intercept, and b is the
curve slope (Hett and Loucks 1976). The H.
speciosa population structure distributions in both
years were compared by the Kolmogorov–
Smirnov test.

We estimated the diameter increment, survival,
and birth rate for each class for the three–year
interval. To estimate diameter increment, we used
the difference between plant diameters in 2008
and 2011. To estimate the birth rate we used the
ratio between the number of seedlings and
saplings absent in 2008 but present in 2011 and
the total number of plants in 2008. We calculated
survival for each class as the ratio between the
number of individuals in class i present in both
years and the number of individuals in class i
present in 2008.

SUSTAINABLE FRUIT HARVESTING

A life stage matrix population model of H.
speciosa (Lefkovitch 1965) was constructed based
on the fecundity of each class (F), the probability
of an individual surviving and moving on to the
next class (G), and the probability of an
individual surviving and staying in the same class
(R) (Caswell 2001).

To estimate individual fecundity, we calculated
the ratio between numbers of seedlings present in
2011 and absent in 2008 and the total number of
fruits produced in the population, and then
multiplied this ratio by the number of fruits
produced by that individual. Class fecundity was
calculated by averaging individual fecundities. To
estimate fruit productivity, we randomly sampled
30 adults in the harvesting area by removing and
counting all fruits, including those found on the
ground. The proportion of reproductive individuals
in each class was estimated from a random sample of
60H. speciosa individuals in the field. Fruit weight
was estimated from eight batches of 50 fruits.

The matrix population model takes into
account transition probabilities between classes
for the 2008–2011 interval (Figure 2). The F, G,
and R values of each class were ordered in a
transition matrix (A), where aij represents the
contribution of individuals in class j to class i over
a three–year interval (Caswell 2001).

The population structure was represented by a
vector (N0), where each row corresponds to the
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number of individuals in each class in 2008. We
simulated changes in population structure over
time by multiplying the transition matrix (A) by
the vector N0, so that Nt = At x N0, where t =
time periods. Increasing the t value, the vector
approaches a stable distribution, where the
number of individuals in each class remains
constant over time. From this stable distribution,
we calculated the constant rate of population
growth (1) by the ratio between Nt+1 and Nt. 1 <
1 indicates population decline; 1 = 1 stability and
1 > 1 growth (Caswell 2001). We used the G test
to compare the stable and the observed popula-
tion structure distributions in both years.
The elasticity analysis was used to determine

which matrix element contributes more to the value
of 1, which indicates the most important element
for population maintenance (Caswell 2001). We
simulated the effect of different fruit harvesting
levels (0% to 100%), through a reduction in
seedling numbers, which indirectly represents a
reduction in fecundity rates. The maximum
sustainable fruit harvest indicates the percentage of
fruits that could be harvested without significantly
decreasing population growth (1 ≥ 1). We obtained
the 1 significance with a 95% confidence interval,
calculated by the bootstrap method, resampling the
data 10,000 times (Caswell 2001). All analyses
were conducted in the R Program (R Development
Core Team 2012) using the Popbio (Stubben and
Milligan 2007) and Deducer (Fellows 2012)
packages.

ETHNOBOTANICAL SURVEY
Before starting to collect ethnobotanical data,

meetings were held with the community to
present the research objectives and to request
prior informed consent, which was then approved
(process 02000.001131/2008–03) by the Board
of Genetic Heritage Management (CGEN). This
federal institution is in charge of issuing permits
to carry out research with traditional knowledge

associated with genetic resources, and at the end
of the study it also approved the final report.
Semi–structured interviews were conducted

with seven of the eight members of the Harvesters
Group, an organized group that collects native
fruits to sell to the Grande Sertão Cooperative.
Using the “snowball” sampling method (Martin
1995), the six most experienced harvesters were
selected from among the 30 harvesters who
individually collect fruits, totaling 13 interviews.
In the interviews, harvesters characterized the
level of fruit harvesting, local management prac-
tices, and the plant’s ecological characteristics.

Results and Discussion
In total, 436 H. speciosa individuals (106.5

plants.ha–1) were sampled in 2008—205 seedlings
(61.4 ha–1), 65 saplings (21.5 ha–1), 95 adults 1(13.5
ha–1), and 71 adults 2 (10.1 ha–1). In 2011, 332
individuals (76.0 plants.ha–1) were sampled—76
seedlings (22.8 ha–1), 77 saplings (23.1 ha–1), 107
adults 1 (15.3 ha–1), and 72 adults 2 (10.2 ha–1).
The stable distribution projected by the matrix
population model (37.1% of seedlings, 12.3% of
saplings, 29.4% of adults 1, and 21.1% of adults 2)
is different from the distribution observed in 2008
(G = 18.90, df = 3, p = 0.0002) and in 2011 (G =
8.74, df = 3, p = 0.0329).
Diameter class distribution in both years was

similar to a reverse J–shaped curve (R2 > 0.7, p <
0.0001), with lower fitting in 2011 than in 2008
(Figure 3). The population structure was signif-
icantly different between these years (D = 0.25,
p < 0.0001). This pattern, with many individuals
in the first class size and a reduced number of
individuals in subsequent classes, is typical of
stable or growing populations (Condit et al.
1998; Peters 1994), despite the fact that several
authors have found it in declining populations
(Condit et al. 1998; Virillo et al. 2011; Wright et
al. 2003). The reduction of 63% in the number
of seedlings from 2008 to 2011 may have been

Fig. 2. Transition model between H. speciosa classes. F = fecundity, G = surviving and moving on to the next
class; R = surviving and staying in the same class; 1 = Seedlings; 2 = Saplings; 3 = Adults 1; 4 = Adults 2.
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caused by the 2010 fire incident in part of the
population. According to Medeiros and Miranda
(2005), this type of fire in the Cerrado mainly
causes the mortality of plants below 50 mm in
diameter.

All adults 2 and 86.6% of adults 1 set fruits,
with wide variation between plants (1 to 829
fruits per plant), and an average 15.4 ± 14.0 fruits
per adult 1 and 72.1 ± 47.1 fruits per adult 2. On
average a fruit weighs 20.4 ± 1.0 g. Considering
that in one hectare, 15.3 adults 1 and 10.2 adults
occur, this area can produce 939.5 ± 665.9 fruits,
which represents 19.2 ± 14.5 kg. In the 1,200–
hectare area, potential production is 23,040 ±
17,400 kg of fruits annually.

In 2002, the community harvested 1,340 kg of
H. speciosa fruits (Carvalho 2007), and in 2006
only 873 kg (Sano et al. 2007), 6% and 4% of
the potential production, respectively. Usually
harvesters collect fruits in the areas closest to
their residences, for only two days, with a
harvester collecting on average 25 kg per day.
Harvesters do not manage plants or the popula-
tion to either increase production or facilitate
harvesting. Most fruits fail to be harvested either
because they are still immature or because they
are on the higher branches, where they cannot be

reached. Only fruits that are not fully ripe (named
de vez by harvesters) are harvested, because fully
ripe fruits are easily squashed during transport
and cleaning. Harvested fruits are placed in boxes
or plastic bags and transported to harvesters’
residences to be washed and sold at farmers’ fairs
or delivered to the cooperative processing plant.
The demand for fruit from regional cooperatives
is high, but harvesters face difficulties with the
overgrown tracks that access the area, incurring
costs with fruit transportation to cooperatives, as
well as the disadvantages of highly perishable fruit
and lack of local infrastructure to process them.
Solving some of these bottlenecks may foster
harvesting.

Fecundity (F), surviving and staying in the
same class (R), and surviving and moving on to
the next class (G) were determined from a
transition matrix (A) for the H. speciosa popula-
tion (Table 1). The mortality rate was higher in
seedlings (51.2%) than in saplings (12.3%),
adults 1 (6.3%), and adults 2 (1.5%). The birth
rate was 3.0%. The diameter increment in the
three–year period was higher in saplings (0.94 ±
0.84 cm) than in seedlings (0.68 ± 0.67 cm),
adults 1 (0.64 ± 1.59 cm), and adults 2 (0.03 ±
2.11 cm). The estimated population growth rate

Fig. 3. Class size distribution of H. speciosa population in 2008 and 2011. The p value shows the significance
of the fit to reverse J–shaped curve, whereas R2 indicates the percentage of the dependent variable explained by the
theoretical model.

Table 1. H. SPECIOSA POPULATIONTRANSITIONMATRIX (A) INTHE AREIÃO AREA, NORTHERNMINAS GERAIS STATE, BRAZIL.

Seedling Sapling Adult 1 Adult 2

Seedling 0.32158 0 0.20000 1.08000
Sapling 0.16621 0.59943 0 0
Adult 1 0 0.27748 0.88666 0
Adult 2 0 0 0.05017 0.98467
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(1= 1.02, CI95%= 0.98 to 1.05) indicates that the
population is stable, contrary to the perception of
46.2% of the harvesters who believed that H.
speciosa density has decreased because many have
died or have been cut down for charcoal.
The maximum sustainable fruit harvest is 87%

(1 = 1.0; 95% confidence interval), and harvesting
above this level may cause a fall in population
growth (1 < 1) (Figure 4). Generally, high levels of
fruit harvest allow the population to persist over
time if the harvesting activity does not damage
other parts of the tree (Emanuel et al. 2005;
Ticktin 2004). The harvesters reported that break-
ing or removing branches during fruit harvesting is
a common practice in the area, which damages
plants and removes flowers. To avoid this kind of
tree damage, harvesters should use a pole with a
hook for fruit harvesting, which eliminates the need
for tree climbing (Lima and Scariot 2010).

Elasticity analysis identifies 1 sensitivity to
changes in demographic parameters, indicating
priority actions for species conservation (Caswell
2001; Zuidema et al. 2007). For H. speciosa, the
most important parameter to maintain the popu-
lation is the survival of adults 2, contributing to
41% of 1 value (Table 2). Population growth is
very sensitive to adult mortality and cutting down
these individuals for charcoal production, a com-
mon practice in the region, harms the long–term
persistence of the population.
Population decline could also be attributed to

other biotic and abiotic factors (Hall and Bawa
1993), such as fire (Sinha and Brauldt 2005), a
common disturbance in the Cerrado (Miranda et
al. 2002), which kills seedlings of many species
(Hoffmann 1998). According to the harvesters,
fire kills H. speciosa adults 2 and seedlings, and
only adults 1 survive to regrow later, taking up to

Figure 4. Simulation of different harvesting levels through seedling reduction and their population growth rates
(1) with confidence interval (IC95%). Harvesting over 87% of the fruits will reduce H. speciosa population growth
(1 < 1).

Table 2. ELASTICITY ANALYSIS FOR THE POPULATION OF H. SPECIOSA IN THE AREIÃO AREA, NORTHERN MINAS

GERAIS STATE, BRAZIL. EACH MATRIX VALUE INDICATES THE CONTRIBUTION TO THE 1 VALUE.

Seedling Sapling Adult 1 Adult 2

Seedling 0.020963 0.000942 0.009533 0.031114
Sapling 0.041590 0.052351 0.002370 0
Adult 1 0 0.043017 0.311608 0.022409
Adult 2 0 0 0.053523 0.410574
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two years for the plant to set fruits again. The
matrix model simulations indicated that an
increase of 20% in the mortality of adults 2 leads
to population decline (1 < 1).

Conclusions and Management
Implications

The area studied has a great and underexploited
potential for H. speciosa fruit harvesting. Fruit
perishability and the poor quality of access roads
hinder an increase in fruit volume harvested.
Apparently, the population of H. speciosa in Areião
is stable (1 = 1.02, CI95% 0.98 to 1.05) and fruit
harvesting at the current level is not affecting
population recruitment. Current harvesting levels
(4% to 6%) are well below the maximum
sustainable harvest rate, and harvesting can be
substantially increased if some management prac-
tices are adopted: (a) fruit harvest should not
exceed 87% of the available fruits, otherwise it
could compromise population regeneration; (b)
fruits should be removed with a pole with a hook,
reducing tree damage like broken branches and
dropped flowers.

The harvesting intensity can increase, reaching
87% of the fruit without hindering population
persistence, but the most important parameter to
maintain the population over time is the survival
of adults 2 rather than fecundity rates. Therefore,
priority actions for H. speciosa population conser-
vation are: (a) protection of populations from fire
because this kills adults 2 and reduces adults 1
productivity, and (b) eliminating the cutting of
adult plants because population growth is very
sensitive to adult mortality.
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