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Abstract Bark and exudates are widely commercialized
non-timber forest products. However, the ecological im-
pacts of the harvesting of these products have seldom
been studied. The aim of this study is to investigate the
relationship of tree resilience to harvesting intensity in
Himatanthus drasticus, a tree that is highly exploited in
the Brazilian savanna (Cerrado) for its medicinal latex.
Although the traded product is the latex, the traditional
harvesting systems involve the removal of the bark of the
trees to allow exploitation. A 3-year experiment was
conducted in two different Cerrado ecosystems (open
savanna and savanna woodland). Trees were debarked
at four debarking intensities to simulate the effects of
traditional management systems. Measurements of bark
growth were taken every 6 months, and quantitative and
qualitative indexes of bark regeneration were obtained.
The mortality of the debarked trees was low and could
not be related to the intensity of harvesting. No signs of
attack by fungi or insects were recorded. Compared with
other species exploited for bark, H. drasticus is very
resilient to harvesting; however, bark regeneration is
relatively slow. In both analyzed ecosystems, the

regeneration indexes showed higher values in the con-
trols than in the treatments, indicating that 3 years is not
sufficient for total recovery of the rhytidome. Bark re-
generation occurred primarily by sheet growth and was
more rapid in open savanna than in savanna woodland.
No differences in the rate of bark recovery were found
among management treatments. Based on the results,
sustainable harvesting guidelines are suggested for the
species.
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Introduction

Humans have gathered useful plant species from diverse
ecosystems from the earliest times (Schippmann et al.
2006; Laird et al. 2010). Among the potential uses of
plants, those related to medicine play a central role be-
cause they are essential to human survival (Toledo et al.
2009). Approximately 80 % of the global population
depends on medicinal plants (MPs) for healthcare
(WHO 2001). In developing countries, especially in rural
areas, the use of MPs is particularly relevant due to the
difficulty of access tomodernmedicine (Rani andKhullar
2004; Haq 2011), the prohibitive cost of pharmaceutical
products (Shanley and Luz 2003; Malviya et al. 2012) or
as a result of cultural preferences (Cocks and Dold 2006;
Cocks et al. 2011; Suleman and Alemu 2012).

Currently, phytotherapy is experiencing a revival in
the developed countries (Efferth and Greten 2012).
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One of the reasons for this popularity is that natural
products are preferred to products of industrial origin
(Di Stasi 1996; Efferth and Greten 2012). The growing
demand for herbal products has led to a significant
increase in the volume of plant materials traded within
and between countries (Pandey et al. 2010; Freitas
et al. 2012). Most MP products are derived from natu-
ral populations; relatively few species are cultivated
(Leaman 2004; Geldenhuys and Mitchel 2006). For
this reason, there is an increasing concern about the
sustainable management of MPs because many species
are sensitive to high levels of harvest or to ecosystem
changes (Diederichs et al. 2006; Pandey et al. 2010).

Despite all the valuable efforts to establish ecological
and socioeconomic criteria for the certification of non-
timber forest products (Shanley et al. 2002) or specific
guidelines for desirable field collection practices for
MPs (WHO 1993; 2002; 2003; Kathe 2006), a lack of
knowledge about sustainable harvest rates and practices
remains one of the major challenges to the development
of sustainable wild collection (Schippmann et al. 2006;
Ticktin and Shackleton 2011). Therefore, there is an
urgent need to obtain ecological data on species that
are currently under exploitation, primarily MPs for
which the market demand is high.

In the Brazilian savanna (Cerrado), the demand for
marketable MPs is producing a decrease in their natural
populations (Felfili and Silva Junior 1988; Borges-
Filho and Felfili 2003; Zardo and Henriques 2011).
Himatanthus drasticus (Apocynaceae), commonly
known as janaguba, is one of the most commonly
harvested tree species in the Cerrado biome. The me-
dicinal value of its latex for the treatment of cancer was
recently recognized based on pharmacological studies
(Souza et al. 2010; Mousinho et al. 2011), and this
finding has caused the trade in the latex to increase,
with potential negative impacts on the natural popula-
tions of the species. Although the traded product is the
latex, the traditional harvesting systems involve the
removal of the bark of the trees to allow exploitation,
and ringbarking of the tree is common.

In species harvested for bark, the definition of a
maximum sustainable harvesting limit for the bark is
necessary to ensure the persistence of individuals and
populations (Delvaux et al. 2010). Overall, it is impor-
tant to consider the response of bark regeneration not
only under several intensities of debarking but also in
different environments. Few studies, however, have
investigated how different environments or ecosystems

affect harvest impacts in non-timber forest products
(Gaoue and Ticktin 2007).

To evaluate the impacts of current harvesting activ-
ities on natural populations ofH. drasticus as well as to
suggest limits for the sustainable harvesting of the
species, we addressed the following specific questions:

1. Does harvesting cause an increase in mortality in
H. drasticus?

2. What are the effects of different debarking intensi-
ties on the time needed for bark regrowth?

3. Do the bark regrowth rates depend on the type of
ecosystem?

4. What is the most appropriate management regime
for H. drasticus in each studied ecosystem?

Materials and methods

Study area and species

The study area is located in the Araripe mesoregion, in
the center of northeastern Brazil. This region is char-
acterized by a particular territorial pattern, including
socially and economically underdeveloped areas as
well as relatively developed areas supporting activities
that integrate the social and economic dynamics of the
country (Cardoso 2010; MDA 2010).

The Chapada do Araripe is a plateau in the Araripe
mesoregion. The highest areas of this plateau support
savanna vegetation (Cerrado); humid and dry forest and
caatinga dry and moist forests occur on the slopes. This
region is an area of extremely high priority for the
conservation of the Cerrado (Oliveira and Marquis
2002) and Caatinga biomes (MMA 2007). The Araripe
National Forest (FLONA-Araripe, Fig. 1), in the
Araripe mesoregion, is the first National Forest in
Brazil, established in 1946. This protected area includes
parts of five municipalities of Ceará State (Barbalha,
Crato, Jardim, Missão Velha, and Santana do Cariri).

FLONA-Araripe is considered a habitat island, with
higher rainfall and lower temperature than the surround-
ing Caatinga biome (semi-arid forest; Costa 2004). The
soil is a red-yellow dystrophic latosoil (Cavalcanti and
Lopes 1994), and the climate is Tropical wet and dry or
Savanna climate (Aw) (Köppen 1948). The biodiversity
of this area is high and includes an endemic and criti-
cally endangered bird, the Araripe manakin (Antilophia
bookermanni). Several species with socioeconomic
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importance are found in FLONA-Araripe, including
pequi (Caryocar coriaceum), faveira (Dimorphandra
mollis), and janaguba (H. drasticus).

H. drasticus is a tree species endemic to Brazil. Its
height ranges from 3 to 7 m. Young branches are dark
brown with light brown spots; older branches are pale
brown (Spina 2004). This species occurs in the Cerrado
and Caatinga (semi-arid forest) biomes, and its distri-
bution includes all of northeastern Brazil (Spina 2004).
Mixed with water, the latex of H. drasticus (“leite de
janaguba”) is popularly used to treat gastritis, hemor-
rhoids, anemia, inflammations, and many types of
cancer (Lucetti et al. 2010).

Experimental design, data collection, and analyses

For study, we selected two ecosystems of Araripe
National Forest: “cerrado sensu stricto” (hereafter
cerrado) and “cerradão.” Cerrado is defined as “a vege-
tation dominated by 3–8-m tall trees and shrubs with

more than 30 % crown cover but with still a fair amount
of herbaceous vegetation between them”, whereas
“cerradão” is described as “an almost closed woodland
with crown cover of 50 % to 90 %, made up of 8–12-m-
tall trees casting considerable shade so that the ground
layer is much reduced” (Oliveira and Marquis 2002).

The experiments involved the removal of strips 2.0 m
in length. Four levels of debarking were used. The
approximate percentage of the circumference at breast
height subjected to debarking was identified as follows:
approximately 25 %—“one side”, 50 %—“two sides”,
75 %—“three sides,” and 100 %—“four sides.” These
treatments were used to represent the management sys-
tems employed by the harvesters in the study area.
These values are approximate because bark is removed
with a scythe or machete. Even in the “four sides”
treatment, a narrow strip of bark remained on the indi-
vidual tree. These remaining strips were used as a con-
trol and compared with the values obtained for
regeneration.

Fig. 1 Location of the Araripe National Forest (FLONA-Araripe), Ceará State, northeastern Brazil
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Each treatment was applied to 15 individuals, with a
total of 120 sampled trees (60 in each ecosystem). All
trees were exploited by the same harvester to eliminate
the additional variation that could result from differ-
ences among harvesters. The latex was extracted after
the bark was removed. The exposed area was measured
on the next day, after the drained latex had dried.

The term “bark” is somewhat generic, and the con-
sideration of bark as a single unit may obscure important
aspects of the biochemistry, physiology, ecology, and
evolutionary biology of the species of interest (Romero
2006). Thus, a more detailed definition would recognize
the “inner bark” as a product of the vascular cambium
composed of live phloem, whereas the “outer bark,” or
rhytidome, would be a complex of tissues including the
products of phellogen, epidermis, cortex, primary and
secondary phloem, as well as all tissues external to the
phellogen dead at maturity (Romero 2006). In this ex-
periment, the rhytidome was removed to simulate the
traditional management systems. The depth of the bark
removed was variable, with higher values in trees with
greater diameters because their rhytidome was thicker.

Evaluations were made every 6 months for 3 years.
The mortality in each area/treatment was also recorded.
In the first evaluation, it was observed that regeneration
occurs through sheet growth (regrowth on the surface of
the wound). For this reason, a bark gauge was used to
obtain data on the thickness of the recovered bark

(TRB). Three measurements were performed on each
tree, and the average of these measurements
(centimeters) was used in the analyses. A two-way
ANOVA was performed to compare TRB values be-
tween ecosystems and treatments. The average TRB
values were compared with the controls, and confidence
intervals were obtained from 10,000 bootstrap runs.

A qualitative evaluation of bark regeneration was
also conducted. For this purpose, the bark regeneration
of each individual was classified using an increasing
scale that ranged from zero to five, zero indicating the
absence of regeneration and five indicating complete
recovery of the bark, including the rhytidome (Fig. 2).
This measure was termed the “bark regeneration in-
dex” (BRI). The BRI scores were determined by one
researcher and one harvester. The BRI values were
compared among treatments and between areas with a
Scheirer–Ray–Hare test (Dytham 2011).

To test the effect of tree size on the bark recovery
rates, the trees were assigned to three classes according
to their diameter at ground level (DGL): class 1
(7.0≤DGL<10.0), class 2 (10.0≤DGL<13.0), and class
3 (≥13.0). The indexes obtained were subjected to an
ANOVA and a Tukey test. To verify the possible influ-
ence of light on the bark regeneration process, the crown
illumination index (CII) (Clark and Clark 1992) was
used. This index is a visual estimate of the proportion
of the canopy of a tree that receives light, ranging from

Fig. 2 Characterization of stages of bark regeneration in H. drasticus. The numbers represent values of the bark regeneration index (BRI)
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one (completely shaded canopy) to five (fully exposed
canopy). A Spearman correlation coefficient (rs) was
subsequently calculated to associate the TRB and BRI
values with the CII. All analyses were performed in the
R environment (R Development Core Team 2012).

Results

Regeneration patterns

Only two individuals initiated bark regrowth from the
center of the exposed area. The regeneration was most

likely triggered by living cells remaining on the xylem
at the time of debarking. A single individual showed
edge growth. These exceptions excluded, all individ-
uals showed sheet growth, characterized by the simul-
taneous regeneration of tissues throughout the surface
of the exposed area. The details of the regeneration
process of the inner bark are still unclear, but it appar-
ently occurs through growth in all directions from the
thin layer of inner bark that is left by the harvesters
when collecting the latex.

In most individuals, a significant structural modifi-
cation of the internal bark, indicating tissue regenera-
tion, occurred only in the second year of the experi-
ment. These results contrast with the information pro-
vided by many harvesters, who consider 1 year suffi-
cient for bark regeneration (Baldauf and Santos 2013).
However, this issue is controversial among the har-
vesters because some of them believe that more than
18 months is needed for bark regrowth.

Over the 3-year study period, 9 of the 120 harvested
trees died (7 in the cerradão and 2 in the cerrado). In

Table 1 Two-way ANOVA of bark regeneration in H. drasticus
in different ecosystems and management systems

df Mean square F value p

Factor 1 (ecosystem) 1 0.1654 23.3665 4.643e−06
Factor 2 (management) 3 0.0115 1.6315 0.1866

Interaction 3 0.0061 0.8655 0.4616
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Fig. 3 Thickness of recovered bark (left) and bark regeneration
index (right) after harvesting in different ecosystems (a) and
management systems (b). Top and bottom bars are the maximum

and minimum values, respectively. Black bars correspond to the
median value. The dots represent outliers
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terms of the degree of debarking of the dead trees, one
tree had 25 % debarking, two had 50 %, four had 75 %,
and only one had 100 % debarking.

Effects of the environment and the management
system

The values of bark recovery (thickness) ranged from 0.15
to 0.65 cm (mean=0.32; sd=0.09). Bark regrowth varied
between ecosystems, with higher average values in the
cerrado than in the cerradão (Table 1 and Fig. 3).
However, the bark recovery values obtained in each
management treatment did not differ (Table 1, Fig. 3a).
The same pattern was found for the BRI (Table 2,
Fig. 3b).

In both analyzed ecosystems, a comparison of the
TRB values showed higher values in the controls than
in the treatments, indicating that 3 years is not suffi-
cient for total recovery of the rhytidome (Table 3). A
recovery of 60.2 and 46.0 % of the rhytidome was
observed in the cerrado and cerradão ecosystems,
respectively.

No association was found between bark regenera-
tion and the diameter of the harvested trees in the
cerrado. However, the regeneration in the cerradão
was higher in diameter class 3 than in the smaller trees,
diameter class 1 (F=4.485; p=0.015 and F=6.991;
p=0.002 for BRI and TRB, respectively). No differ-
ences were found in the other contrasts.

Finally, a positive correlation was found between
the TRB and the CII (rs=0.43; df=109; p<0.01), as well

as between the BRI and the CII (rs=0.57, df=109;
p<0.01), indicating greater regeneration in the trees
that received more sunlight.

Discussion

Regeneration patterns and mortality

Bark regeneration can result from edge growth and/or
sheet growth. Regeneration from the edges is the most
common pattern. In this case, regeneration originates
from the bark of living tissues (vascular cambium,
phloem, and phellogen) along the edge of the exploited
area toward the center (Mariot 2008). In sheet growth,
the living tissue regenerates simultaneously over the
entire exposed surface area from the damaged xylem.
Certain species may also show regeneration from the
center of the wound. However, this pattern is relatively
uncommon in trees (Mariot 2008).

A wide variety of tissues may be involved in the
regeneration of the bark. These tissues include the
phloem parenchyma, xylem parenchyma, immature
xylem zone, and cambium (Delvaux 2009). The details
of the regeneration process in H. drasticus and the
tissues involved are still unknown. Throughout the
experiment, regrowth occurred as sheet growth, and
only three individuals showed a different pattern. In
these three individuals, however, the harvester acci-
dentally penetrated the bark during exploitation of the
latex, reaching the heartwood. Thus, the pattern of
regeneration from the edges or center appears to be a
response to deeper damage and thus represents an
exception to the commonly observed pattern of sheet
growth.

Responses to damage in the bark and, consequently,
the formulation of criteria for sustainable management
depend on a number of factors, such as the type of
damaged tissue and the extent of damage, the morphol-
ogy and anatomy of bark, and the presence of exudates
(Guariguata and Gilbert 1996; Schoonenberg et al.
2003; Romero and Bolker 2008; Pandey et al. 2012).
Because of these multiple factors, the effect of bark
removal and the sustainability of harvesting practices
can be considered species-specific (Chungu et al. 2007;
Delvaux et al. 2009).

Romero and Bolker (2008) studied the effects of
debarking in seven species in the Bolivian Amazon.
Their study found that species that produce some type

Table 2 Scheirer–Ray–Hare test of bark regeneration in H.
drasticus in different ecosystems and management systems

df Mean square H p

Factor 1 (ecosystem) 1 78,560 689.01 <0.0001

Factor 2 (management) 3 104 2.75 0.4321

Interaction 3 87 2.30 0.5123

Table 3 Mean values of bark thickness after 3 years of debarking
(treatment) and control values in each studied ecosystem

Treatment Control

Cerrado 0.357 (0.339–0.372) 0.593 (0.566–0.616)

Cerradão 0.280 (0.255–0.302) 0.608 (0.551–0.667)

The values in parentheses are the confidence intervals obtained
after 10,000 bootstrap runs
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of exudate showed more efficient bark recovery and
that wound healing occurs more readily in species with
thick bark that in species with thin bark. These findings
are important in the case of H. drasticus because it
produces exudates and has relatively thick bark. These
characteristics indicate that H. drasticus is potentially
capable of showing efficient bark regeneration and,
consequently, that it is potentially suitable for sustain-
able harvesting.

Effects of environment and management systems

Several experiments have shown that the most impor-
tant factor for successful recovery of the bark is the
humidity at the exposed layer (Neely 1988; Stobbe
et al. 2002; Juan 2006), which may be related to the
occurrence of a rainy season. Moreover, seasonality
can influence the regeneration of the bark due to var-
iations in tissue water content and in the activity of the
cambium (Puritch and Mullick 1975; Dujesiefken and
Liese 1990).

Mariot et al. (2008) tested the effect of different
harvest seasons on the regenerative ability of the species
Drimys brasiliensis (Winteraceae) in an Atlantic Forest
area and found no seasonal differences in the speed of
biomass regeneration. In Myracrodruon urundeuva
(Anacardiaceae), a medicinal species whose bark is
exploited in the Brazilian dry forest (Caatinga), no sig-
nificant correlation was found between the monthly per-
cent regeneration and the average monthly precipitation
(Monteiro et al. 2011). However, Delvaux et al. (2010),
assessing the bark regrowth patterns of 12 species in
Benin, found that the rate of regeneration was higher
during the spring. Other species in which bark recovery
is influenced by the season are Terminalia arjuna
(Combretaceae) and Litsea glutinosa (Lauraceae), a
highly exploited Indian medicinal tree (Pandey and
Mandal 2012).

Vermeulen and Geldenhuys (2004) studied the ef-
fects of bark harvesting in three tree species in South
Africa and observed that debarking in the winter (dry
season and low temperatures) favored edge growth,
whereas exploiting the same species in the summer
(rainy season and high temperatures) promoted sheet
growth. Because bark growth in H. drasticus occurs
through sheet growth, it is possible that the rainy sea-
son is favorable for harvesting. Thus, seasonality is an
important variable to be tested in future studies on the
bark regeneration potential of the species.

The results showed that the regeneration of the bark
was favored by open environments because the correla-
tion between TRB/BRI and light was significant and
positive and the regeneration of bark was more rapid in
the cerrado than in the cerradão. These data apparently
contradict the trend cited before, in which humidity is
considered the most important factor for the regenera-
tion of the bark through laminar growth, because the
cerrado has lower levels of humidity than the cerradão.
However, it is possible that the latex that remains in the
trees after extraction serves to provide the necessary
humidity to trigger the cellular division process that will
culminate in the recovery of injured xylem and phloem.
Plants of certain families, such as Apocynaceae,
Euphorbiaceae, Moraceae, and Canellaceae, show great
resilience after debarking, in part because the cambium
is protected by exudates after the bark is removed
(Cunningham 2001).

The absence of differences among groups with dif-
ferent percentages of debarking and the lack of signs of
morbidity in the trees with approximately 100% remov-
al of the bark represents a contrast with the results of
several previous studies on bark harvesting. In many
species studied to date, overexploited individuals died
shortly following the exploitation, most likely due to the
disruption of water and/or nutrient flows (Cunningham
and Mbenkum 1993; Borges Filho and Felfili 2003;
Geldenhuys et al. 2007; Guedje et al. 2003, 2007;
Delvaux et al. 2010).

Species in which individuals can survive ringbarking
are rare. Walburgia salutaris is an African medicinal
plant that strongly and intensely regenerates bark after
ringbarking (Cunningham and Mbenkum 1993; Botha
et al. 2004). Other species that can recover after com-
plete debarking are Prunus africana (Cunningham and
Mbenkum 1993) and Adansonia digitata (Fasola and
Egunyomi 2005). In A. digitata, the wood parenchyma
immediately below the exposed surface dedifferentiates
and regenerates the xylem and phloem (Fisher 1981);
however, the bark regrowth is considered to occur slow-
ly (Fasola and Egunyomi 2005).

A possible explanation for the resilience of H.
drasticus is that most of the harvesters remove only the
rhytidome. This type of bark removal does not impede
the flow of water and photosynthates. Vermeulen and
Geldenhuys (2004) found a high rate of regeneration if a
thin layer of bark and cambium was left on the exploited
trees, whereas little or no regeneration was observed if
the bark was completely removed in three species. This
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trend was also verified by Delvaux et al. (2009), who
detected greater sheet regeneration if a layer of bark was
left on harvested trees than if all the bark was removed.
In P. africana, trees that were harvested without
disrupting the vascular cambium showed an increased
probability of survival (Stewart 2009).

Debarking may also favor attack by diseases caused
by insects and fungi, especially if a large amount of bark
is removed (Fasola and Egunyomi 2005; Mariot et al.
2008; Chungu et al. 2007). Nevertheless, the current
study found no evidence of attacks by insects or fungi,
even in plants with approximately 100 % of the bark
removed. The absence of pathogen attacks might be
related to the secondary metabolites with antimicrobial
activity found inHimatanthus bark and latex (Silva et al.
1998; Souza et al. 2004). Furthermore, no evidence of
crown senescence was observed in the harvested trees of
H. drasticus. Crown health has been used as an indicator
of tree health after bark harvesting because the crowns
of the exploited trees frequently display signs of senes-
cence (Sunderland and Tako 1999; Hall et al. 2000;
Stewart 2009; Uniyal 2013).

Suggestions for sustainable management

The results obtained for H. drasticus indicate that the
species is extremely tolerant to debarking. However,
bark regeneration is relatively slow. Regardless of the
ecosystem or management system, the bark of the
exploited trees had not recovered completely by the
end of the 3-year experimental period.

The recovery of the inner bark in H. drasticus
progressed to an advanced stage or was complete by
the end of the experimental period. However, the for-
mation of rhytidome appears to be a slower process
(personal observation). Rhytidome plays an important
role because it serves as a physical barrier to protect
against attacks by herbivores, insects, fungi, and fire
(Catry et al. 2012). Thus, even if the inner bark recovers,
the exploited individuals in cerrado areas are more vul-
nerable because the thickness of the bark is an important
determinant of survival probabilities if fires occur (Hare
1965; Prance and Prance 1993). In Quercus suber, bark
thickness and bark harvesting are the major factors
limiting resistance to fire (Catry et al. 2012).

In this context, despite the resilience of H. drasticus
to latex exploitation, a balance must be reached between
product demand and the recoverability of the bark. This
is especially the case in the cerradão, where the

regeneration of the bark is slower than in the cerrado.
Another factor that should be considered is that bark
regeneration is slower in the smaller plants in the
cerradão. This result is surprising because the literature
has reported faster regeneration in younger and middle-
aged trees (Delvaux et al. 2010; Pandey and Mandal
2012).

The results obtained in the cerrado and cerradão
show that specific management regimes are needed
for each distinct ecosystem. To maintain protection
against fire, the removal of a maximum of 50 % of
the bark (two sides) is suggested. It is recommended
that the exploitation of individuals less than 10 cm in
DGL (class 1) in cerradão areas be avoided because
bark regeneration is slower in these individuals.

Under the assumption that the regeneration of the
bark is constant in other size classes, the optimal inter-
val between harvesting events (to allow the bark to
recover completely) would be 5 years in cerrado areas
and 6.5 years in cerradão areas. This suggestion is
based on the assumption that complete recuperation
of the bark is needed for sustainable management.
This assumption may not be true, but there is no doubt
that partial recovery is essential for plant protection
and survival if fires occur. Therefore, the intervals
suggested can serve as reference values for the process
of developing participatory management plans for H.
drasticus. The opinions and knowledge of the multiple
stakeholders must be considered in this process so that
the socioeconomic and cultural dimensions of sustain-
ability can also be addressed.

Conclusions

Compared with other species exploited for bark, H.
drasticus is very resilient to harvesting. No relation-
ships between harvesting intensity and mortality or
bark recovery speed were found in this species by the
current study. However, bark regeneration is relatively
slow and ecosystem dependent. It is more rapid in the
open areas than in the woodlands. The establishment of
criteria for the harvesting of this species is of the
utmost importance because the demand for the product
has been increasing substantially. These increasing
demands can potentially cause overharvesting. In this
context, the results obtained in this study are key ele-
ments for the development of a sustainable manage-
ment plan for the species.
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