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Abstract The management of plant populations may
cause phenotypic changes in the characteristics of a
plant that is targeted by human selection over time,
which can therefore lead to the domestication process.
Studies about this approach have shown that managed
plant populations have the most interesting features
for use by human populations because they have more
productive plants and larger fruits. To evaluate this
effect, the traditional management of Caryocar cori-
aceum Wittm (pequi) in the Chapada do Araripe
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region of Northeast Brazil was studied by using a
morphometric and ethnobotanical approach. A mor-
phometric analysis of the fruits was conducted, during
which the plants were recorded to the following three
different management regimes: cultivation, in situ
management (collection) and incipient management
(the tolerance and protection of individuals). To test
the hypothesis that people perceive natural morpho-
logical variations in the fruits, local people perception
was assessed through different methods. To assess the
possible influence of management regimes on fruit
morphology, 40 reproductive individuals cultivated,
40 managed in situ and 36 individuals under incipient
management were randomly selected, and 20 fruits of
each were collected for the morphometric analyses.
The fruits from individuals grown under the cultiva-
tion system were significantly different from the
individuals who were managed in situ and from those
under incipient management. The perception study
showed that local people perceive great morphological
diversity among the study populations, which was
consistent with the findings of the morphometric
analyses. Based on these results, it could be said that
C. coriaceum is in the early stage of the domestication
process.

Keywords Artificial selection - Directed
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Introduction

With the management of resources over time, human
selection can lead to genetic and/or morphological
changes in organisms that are the targets of human
attention (Pickersgill 2007; Lopez-Palacios et al.
2015). Studies on morphological changes in managed
plant populations have been used to estimate varia-
tions in patterns and levels of diversity (Zizumbo-
Villarreal and Pifiero 1998; Vargas and Blanco 2000;
Zizumbo-Villarreal et al. 2005), and for identifying
useful phenotypes for domestication (Gwali et al.
2012).

Some of this research has shown that human
selection leads to morphological changes in popula-
tions under different management regimes (Arellano
and Casas 2003; Casas et al. 2007; Lins Neto et al.
2013). When they are selecting plants, human groups
can favor the frequency of individuals that have
preferred phenotypes that meet their economic, social
and/or cultural needs (Lira and Casas 1998; Gepts
2004; Lins Neto et al. 2012). Plant populations under
different management regimes (such as managed
in situ and cultivated crops) provide fruits, which are
a major target of human selection (Arellano and Casas
2003; Aguirre-Dugua et al. 2012; Lins Neto et al.
2014) and differ significantly when compared with
wild populations (or less managed populations) (Casas
et al. 1999; Cruz and Casas 2002; Arellano and Casas
2003; Lins Neto et al. 2014). Genetic alterations also
occur as aresult of managing plant populations that are
associated with human selection, and thus play
important roles in maintaining genetic diversity
(Cruse-Sanders et al. 2013).

Although prospective changes in the target charac-
teristics of human selection are well documented for
species of cacti and some herbaceous plants (Casas
et al. 2007; Parra et al. 2012), this model has been
subjected to incipient testing for woody plants species,
especially long-lived tree species (Miller and Gross
2011). In spite of these tests, previous studies on trees
have indicated that the preferred phenotypes for
human groups have been found in cultivated and
tolerated populations (Casas and Caballero 1996;
Zarate 2005). Tree species such as Olea europaea L.
subsp. europaea (Zohary and Hopf 2000), Sideroxylon
palmeri (Rose) Pennington (Gonzales-Soberanis and
Casas 2004), Ceiba aesculifolia (HB & K) Britten and
Baker(Avendaiio.et.al..20006), Spondias, tuberosa
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Arruda (Lins Neto et al. 2012) and Crescentia cujete
L. (Aguirre-Dugua et al. 2013) are among the relevant
woody species that have been studied from this
perspective. These studies have shown that the human
maintainers of managed plant populations hold accu-
rate knowledge of the morphological variations in the
structures that are targets of selection. The recognition
of population variants is a crucial aspect of artificial
selection (Blancas et al. 2013). Thus, the perception of
morphological variations by people may indicate that
the current process of domestication of native eco-
nomic importance plants is driving by conscious
exploitation patterns (see Zohary 2004 for a discussion
of conscious and unconscious forms of selection and
management of natural resources). Intentional human
selection is a prerequisite for domestication (Clement
et al. 2010).

In this context, this paper addresses the pequi
(Caryocar coriaceum Wittm), a native tree species
that bears fruits of great importance to the local people
of the Araripe region in northeast Brazil; these people
have been handling this species for at least two
centuries. Hence, the objective was to analyze the
people/plant relations from the perspective of tradi-
tional management and the incipient domestication
process from two perspectives, namely ethnobotanical
and morphometric. For the purposes of this study,
agricultural practices at a small scale in local (rural)
communities that employ the natural resources of
tropical forests are considered traditional manage-
ment. Thus, the intention was to answer the following:
Do the local people perceive the morphological
diversity in pequi fruits in light of the different
management regimes employed? The hypothesis is
that the morphological diversity of pequi fruits will be
perceived by local people and related to the distinct
management regimes in use.

There was also a question as to whether there are
phenotypic differences in fruits between the C.
coriaceum populations that are subject to different
management regimes. The hypothesis is that C.
coriaceum individuals differ phenotypically among
populations under different management conditions
(cultivation, in situ and incipient), but that there are no
differences between individuals of the same popula-
tion. Cultivated populations are expected to have
higher averages for the study variables when com-
pared with other populations. To test whether the type
of management regime affects other plant parts
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beyond the reproductive structures (covariance), there
was a question as to whether the phenotypic charac-
teristics of the vegetative parts such as the heights and
diameters at ground level (DGL) exhibit differences
under different management regimes. The hypothesis
is that individuals from different management regimes
differ phenotypically. There are expected differences
in the height and DGL between individuals under
cultivation, in situ and incipient management.

Materials and methods
Study area

This study was developed in the Araripe National
Forest (FLONA), in the adjacent community of
Distrito Horizonte and Sédo José of the Chapada do
Araripe region, in the southern state of Ceara (NE
Brazil). The National Forest was established in 1946
by the federal government to reconcile nature
conservation with the sustainable use of natural
resources. The National Forest is a category of
protected area that constitutes the Group of Sus-
tainable Use Units (Snuc 2002). The forest has an
area of approximately 38,000 hectares, encompass-
ing the municipalities of Crato, Barbalha, Jardim
and Santana do Cariri. The vegetation consists of
cerrado (Brazilian Savanna) areas and areas of
transition between semi-evergreen rain forest, cer-
rado, cerraddo and carrasco (IBAMA 2010).

In the FLONA surroundings, there are approxi-
mately twenty human communities that are histori-
cally extractive, among which Distrito Horizonte
(07°29'36.9”S, 39°22'6 02"W) is one of the largest
and most important. This local community has
approximately 1120 inhabitants (Lozano et al. 2014)
who use the resources of the FLONA as their primary
sources of livelihood. Agriculture and extractivism are
the primary activities, and the pequi (C. coriaceum) is
one of the primary resources extracted from the forest.
For more than a century (Gongalves 2008), the human
populations from Horizonte have related to the various
features found in the National Forest at that location.

At the foot of the plateau is the Sdo José community
in the Arisco region, in which a pequi that is locally
known as “pequi do Arisco” can be found. At
approximately 30 km from the forest, the Arisco
region.is.within. the Environmental Protection Area

(APA). C. coriaceum populations have been histori-
cally managed here, presenting, according to the
locals, the best fruits, which are larger and of better
quality (tasty and attractive fruits) in relation to the
fruits of the forest.

Data collection

To study the variability and perception of morpho-

logical variation, three C. coriaceum populations
were selected and each was classified into three
different management regimes as follows: in situ
management, incipient management and cultivation.
These management regimes are based on the work of
(Gonzales-Insuasti and Caballero 2007). The inten-
tional (non-selective) and non-opportunistic (not
occasional) practice of collecting fruit from native
vegetation areas in which individuals that sponta-
neously occur in the forest are found was considered
in situ management. Incipient management is related
to the practice of tolerance (plants are left standing)
and the protection of individuals that spontaneously
occur in areas adjacent to the National Forest (Casas
et al. 2007; Lins Neto et al. 2013). In this type of
management, pequi is recognized locally as “zelado”
(nurtured). Finally, the cultivation thought to favor
pequi individuals is locally known as “pequi do
arisco”. From sowing in a small-scale local manage-
ment, cultivation involves growing plants in envi-
ronments with different degrees of protection
performed by people, such as control of weeds and
predators, irrigation and soil tillage (Pickersgill
2013). For the selection of these populations, the
statements of local people were taken into account,
and these individuals participated in the previous
study (see Sousa Junior et al. 2013).

Perception of morphological variation

To test the hypothesis that local collectors perceive
morphological variations in pequi fruit, it was neces-
sary to collect data on local perception, and thus it was
necessary to request consent through the Free and
Informed Term of Consent (FITC) (according to
Resolution No. 466, dated 12/12/2012). This research
was submitted to the Ethics Committee (CEP) and
approved under number 412/11 by the CEP of the
Health Sciences Center, Federal University of
Pernambuco.
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Semi-structured interviews were conducted with
the community collectors, and they were based on
semi-structured scripts (Albuquerque et al. 2014a).
Through meetings in the community, some collectors
(key informants) who are recognized as experts in
collecting pequi were identified and interviewed. After
the first interviewees, the rest were sampled and
selected on the basis of the “snowball” technique
(Bailey 1994), which consists of an intentional sample
in which an expert informant indicates others, and the
process was repeated for each new informant until all
the experts were consulted (Albuquerque et al. 2014b).
Thus, the total number of respondents was 56 collec-
tors, with 28 women and 28 men. The following
questions are contained in the script: (1) Are there
differences between the fruits of the pequi tree? (If
there is) What is (are) the difference(s)? Which one is
preferred? Why? (2) What is the most frequently used
part of the pequi tree?

To categorize the fruit sizes in the study in terms
of morphological perception, an activity was held
with twenty-two informants (within the sampling of
56 experts), which consisted of asking them to
choose (among 500) ten fruits that were perceived as
being under cultivation, ten of which were under
incipient management and ten of which were under
in situ management, with a total of 30 fruits per
informant. The same activity was performed for the
putamen. To perform this activity, 500 fruits and
500 putamens (the edible portion corresponding to
the inner mesocarp, endocarp and seed) were
randomly collected in the National Forest area,
and then a morphometric analysis was conducted to
test the differences according to the perception of
fruit morphology (size) with respect to the types of
management regimes. To test the perceived differ-
ences between each management regime, the
lengths and the highest and lowest diameters of the
fruits were measured to calculate the fruit volumes.
The same was done for the putamens (cores
containing the edible part).

Phenotypic variation

To evaluate the possible effect of different manage-
ment regimes on C. coriaceum populations, three
representative areas of different management regimes
were selected, and individuals were identified for each
of them.and subsequently selected randomly. In two of
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the areas (in situ management and cultivation), 40
reproductive individuals were selected. In the area
corresponding to incipient management (“zelado”
pequi), 36 individuals were selected, for a sum of 116
individuals in the study. For logistical reasons, it was
not possible to sample a higher number of individuals
from the incipient management area or to sample
forest individuals during the same year. The fruits
from the “zelado” pequi area were collected in 2011,
and the fruits from other areas were collected in 2014
because those were the rainiest years and were
consequently more productive. During 2012 and
2013, collection was practically impossible for lack
of fruit because of the drought. To collect the fruits in
the region, a priori authorization was requested from
the Chico Mendes Institute for Biodiversity Conser-
vation (ICMBio), with authorization No 26882-1/
SISBIO for 2011 and authorization No. 38093-2/
SISBIO for the 2014 collection.

Of the 116 pequi individual trees that were
sampled, 20 mature fruits were collected, for a total
of 2320 fruits on which morphometric analyses were
conducted. The quantitative variables under analysis
were as follows: the weight, length and volume of the
fruit; the weight and thickness of the bark; the weight,
length and volume of the putamen and the thickness of
the pulp. The putamen consists of the inner mesocarp,
endocarp and seed, which are commonly called the
core by the people of the region. The diameter and
length measurements of the fruits were measured by
using a caliper rule, and the volume was estimated by
using the formula 4/3mabc, where a, b and ¢ are the
length and the highest and lowest diameters of the
semi-axis; the fruit in this study was considered to
have an ellipsoid shape. The weights of the fruits and
of the fresh bark were obtained with the aid of a semi-
analytical balance. The thickness of the fresh pulp was
measured with a caliper rule.

In addition to the above variables, the populations
were compared with respect to the phenotypic
characteristics of some vegetative parts, such as
the height and circumference at ground level (CGL),
to check if the management regime types affect
other parts of the plant beyond the reproductive
structures (fruit). For the analysis, the circumfer-
ence at ground level was converted to the diameter
at ground level, on the basis of the following
formula: diameter at the ground level [DGL = Cir-
cumference at ground level (CGL/m)].
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Data analysis

To test if there are phenotypic differences between the
C. coriaceum populations that were studied under
different management regimes (in situ management,
incipient management and cultivation), analyses of
variance (ANOV A—one way) were conducted, with a
comparison of means by Tukey’s test (95 % confi-
dence) a posteriori to assess how the morphological
characteristics differed between populations accord-
ing to their management type. The R 2.3.1 program
was used for these analyses (R Development Core
Team 2011). To test the hypothesis in which cultivated
individuals differ significantly among different man-
agement regimes, a hierarchical cluster analysis (CA)
was conducted to classify the sampled individuals
according to their morphological similarities to
explore if their similarities are related to the manage-
ment regime type. This analysis accounts for the
average of all variables per individual, and because of
the differences between the measurement units of the
variables, the values were standardized. The height
and diameter parameters at ground level (DGL) were
subjected to non-parametric statistical tests (Kruskal—
Wallis test at 5 % probability), given the non-
normality of the data. To analyze the perception of
the fruit morphology (size) under each type of
management regime, the volumes were calculated
(from 220 fruits and 220 putamens, corresponding to
ten fruits and ten putamens per informant), which were
related to each type of management according to their
classification as large, medium and small. Subse-
quently, an analysis of variance was conducted by
non-parametric statistical Kruskal-Wallis test (5 %
probability) for both the fruits and the putamens.

Results
Perception of variations in C. coriaceum fruits

Of the 56 people interviewed, 78.6 % affirmed that
there was organoleptic variation in the fruits of the
pequi tree (C. coriaceum). The taste of the fruit, which
can be sweet (“yummy”’) or bitter, was cited as one of
the major organoleptic characteristics for the pequi.
Another perceived variation was the color of the pulp,
which can be white or yellow. Fruits with white pulp
were.the most. frequent (41.07 %) relative to fruits

with yellow pulp (8.92 %), with white-pulped fruits
being more preferred by collectors because they are
considered to have a better taste. Another feature of
the pequi tree, as perceived by the informants, is the
size of the fruit. There is variation in the morpholog-
ical perception of the pequi tree fruits (in 80.35 % of
interviews), indicating the existence of varying sizes.
The size perception of the fruits and putamens, which
were classified as large, medium and small and related
to the type of management regime, presented signif-
icant differences between each of the different
regimes, with the large size related to cultivation, the
medium size to incipient management and the small
size to in situ (forest) management (Table 1).

The local perception of differences in fruits
between cultivated populations that were grown under
incipient management (“zelado”) and managed in situ
is related to the different management practices that
the collectors perform on C. coriaceum populations.
The most significant management practices were
collecting the fruit (100 %) in the forest (the area of
in situ management) and the so-called practice of
“zelar” (nurturing) pequi (67.8 %) in the areas of
human habitation in the vicinity of the forest (incipient
management areas).

The practice of protection (locally called zelar)
of the pequi consists of pruning the dead branches,
opening glades for shady individuals and eliminating
host species (epiphytes). The performance of this
practice on individuals in the forest interior is not
permitted because the FLONA is a protected area.
Cultivation (which is very recent and performed at a
small scale) is related to pequi trade demands because
the collection of these fruits in the forest has not led to
this type of demand.

Furthermore, cultivation involves some local man-
agement practices such as large seed selection (from
individuals who are recognized as having large fruits),
seedling irrigation during the dry season, and plant
protection. The local farmers also perform dormancy
breaking using some local practices, such as drying the
seeds under the sun for three days and subsequently
immersing them in the water for three additional days.
Moreover, rural farmers do not use chemicals in the
management of this species. Information on the
breeding system of this species is scarce. However,
since its congener (Caryocar brasiliense) is self-
compatible (Gribel and Hay 1993), it is possible that
C. coriaceum also shows this behavior.

@ Springer
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Table 1 Perception of local experts on the sizes (volume) of pequi (Caryocar coriaceum Wittm) fruits and putamens with respect to

three different management regimes

Population Size of fruit Putamen
Mean* £ SD Mean* £ SD
Cultivated (large) 181.56 £+ 9.16 625.93 + 58.84
Incipient management (medium) 110.49 £+ 17.6 415.74 + 62.69
In situ management (small) 61.43 + 14.14 261.92 + 43.57

* All averages differed significantly (p < 0.001) with one another by Kruskal-Wallis test at 5 % probability

Phenotypic variation

There are significant differences among the three
populations with regards to different management
regimes for all morphological characteristics. The
analyses indicated that there are differences in the nine
studied traits (Table 2). Except for the variable length
of the fruit (F = 23.9823, p > 0.05), the cultivated
population was significantly different from the others
in terms of all other variables. The populations
managed in situ and under incipient management,
zelado (nurtured) pequi, differed significantly in the
fruit length (F = 23.9823, p < 0.01), putamen
length (F = 146.9718, p < 0.01), pulp thickness
(F = 33.8946, p < 0.05), fruit volume (F = 238.49,
p <0.01) and putamen volume (F = 136.5118,
p < 0.01) variables. According to the analyses of

Table 2 Analysis of morphometric variables in Caryocar
coriaceun Wittm fruits under three different management
regimes (cultivation, in situ management and incipient

variance, the fruits were generally observed to be
larger in the cultivated population relative to the
populations that were managed in situ and under
incipient management, thus confirming our hypothe-
sis. The CA was consistent with the results of the
variance analysis, indicating the formation of two
groups according to their morphological similarities
(Fig. 1). One of the groups was formed by individuals
under the cultivation regime and in situ management,
and the second was formed by the incipient manage-
ment population.

The hypothesis that individuals from different
management regimes differ phenotypically with
regards to their vegetative parts, heights and diameters
at ground level (DGL) was refuted. There was no
significant difference between the populations of
different management regimes for the height

management) of the Chapada do Araripe region, northeast
Brazil, with data collected in 2011 and 2014

Variables Population

Cultivation In situ management Incipient management

Mean £+ SD* Mean + SD Mean + SD
Fruit length 5.75 £ 0.58a 4.80 £ 0.65ab 5.45 £ 0.92ac
Fruit weight 127.09 £ 44.69a 87.42 £+ 28.27b 75.30 £ 22.56b
Fruit volume 892.16 £ 277.25a 501.51 4 184.76b 131.32 + 45.30c
Bark weight 86.29 + 32.17a 63.96 £ 21.60b 53.82 £ 16.34b
Bark thickness 1.04 £ 0.24a 0.92 £ 0.24b 0.92 £ 0.19b
Putamen length 4.67 £+ 0.45a 3.81 £ 0.46b 3.23 £ 0.39¢
Putamen volume 255.84 £+ 65.40a 146.74 £+ 45.39%b 107.02 £ 34.66¢
Putamen weight 40.62 £+ 15.61a 23.31 £ 8.24b 21.07 £+ 8.18b
Pulp thickness 0.37 £ 0.09a 0.30 £ 0.07b 0.26 £ 0.05¢

* Means followed by the same letter on the line do not differ significantly from one another according to the Kruskal-Wallis test at

5 % probability

@ Springer
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Fig. 1 Classification of populations Caryocar coriaceum using cluster analysis. (There is formation of two groups delimited in red: a
largest formed by the cultivated and managed in situ populations and a less formed by the incipient managed population)

parameter (H = 1.42; p = 0.49) or the DGL (H = 5.22;
p = 0.07) (Table 3).

Discussion
Perception of morphological variation

The color and size of the pequi tree fruits were also noted
by collectors as target characteristics for selection, a
trend that is also observed in other studies that distinguish
populations under different management regimes (Casas
et al. 1997; Casas 2005). Our hypothesis that the
morphological diversity in pequi fruits is perceived by
local collectors was confirmed. The fruit size was the
primary characteristic that was perceived as a variant in
relation to the different management regimes employed
in the Araripe region. The perception of morphological

Table 3 Phenotypic characteristics of Caryocar coriaceum
Wittm individuals from the Chapada do Araripe, northeast
Brazil, under three management regimes

Management Height (m) DGL (cm)

X + SD* X + SD
Cultivation 9.3+ 1.8a 38.3 + 12.8a
In situ 94 £ 29a 38.2 £ 13.9a
Incipient (“zelado”) 8.5+ 29a 30.4 £ 14.2a

DGL diameters at ground level

*Means followed by the same letter on the line do not differ
significantly from one another according to the Kruskal-Wallis
test at 5 % probability

variation has allowed human groups to manage plant
species to favor the varying characteristics between
populations (Casas and Caballero 1996; Lins Neto et al.
2010, 2013). This perception is also important for the
conscious selection of desirable traits in plant species
during the process of in situ domestication (Casas et al.
2007). In addition, the local perception indicates that
traditional management and the plant domestication
process are currently being conducted solely by inten-
tional (conscious) selection (Zohary 2004). Besides
being a favorable condition for the occurrence of
domestication (Clement et al. 2010), conscious selection
is also a distinctive landmark of in situ management
during the plant domestication process (Casas et al.
2007; Pickersgill 2013). This perspective is a counter-
point to the understanding of conscious selection as an
after-domestication occurrence (Zeder et al. 20006).
This view suggests that management is directed to
favor features of human interest, which is a strong
factor in morphological diversity, especially with
regards to the species of great economic importance.
Therefore, this management is often intensified (Blan-
cas et al. 2013). This type of management (direc-
tional), which is considered the primary cause of
phenotypic diversification (Rieseberg et al. 2002), is
an important activity because it can contribute to the
sustainable management and genetic diversity of
plants in traditional agro ecosystems (Duputié et al.
2009) and amplify the divergence between these
populations over time (Casas et al. 2006). Studies have
often shown that plant populations of managed and
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cultivated areas present the most interesting features
for local human groups in relation to wildlife popu-
lations (Cruz and Casas 2002; Carmona and Casas
2005; Rodrigues-Arévalo et al. 2006). Although each
human community has its own selection criteria, the
conscious management directed at obtaining the
preferred characteristics is an important driving force
for social-ecological systems.

The food and economic importance of pequi is a
factor that has contributed to the use of different
management practices on this species. The extensive
collection of fruits in the forest is related to the
abundance of pequi populations in relation to other
areas. This relation indicates that the areas that are
more frequently assessed for collection will necessar-
ily be the managed ones, as found by Lins Neto et al.
(2010) for Spondias tuberosa, because the commercial
value is a relevant factor that influences the degree of
management intensity (Gonzales-Insuasti and Cabal-
lero 2007; Blancas et al. 2013). Furthermore, the
population areas with a higher degree of management
(cultivated) are very few when compared with the
native vegetation areas (FLONA). The areas with
incipient management individuals (“zelado” pequi)
are also fewer. It is noteworthy that the “zelado”
(nurtured) pequi (populations considered to be under
incipient management in this study) was, in this case,
the tree individual that was maintained and protected
in a similar way to the protection provided to other
plant species, which was also observed in other studies
(Avedaiio et al. 2006; Lins Neto et al. 2010),
indicating that the promotion and protection of
individuals is a management tool that plays an
important role in the domestication process. The
elimination of unwanted individuals as shown in other
plant species (Casas et al. 1997) was not observed in
the case of pequi, according to collectors, which was
similar to a study of another important tree species in
northeastern Brazil (Spondias tuberosa) (Lins Neto
et al. 2010), which did not show elimination. Pequi is
not eliminated because it represents an important
source of income and food. In addition, people collect
the best fruits from pequi trees, even when they are
less desirable (smaller and less tasty) because the fruits
can be used to produce an oil that has commercial
value. The importance of C. coriaceum can also be
noted in the appreciation that collectors have for the
species, which is often compared by local people to a
“family _man”_(Sousa.Junior_et_al..2013). This
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description indicates its cultural importance from the
perspective of traditional management and underlines
the theoretical gaps that have not yet been filled, with
questions about what leads certain species to be
selected over others for management. Therefore,
cultural and economic factors such as the importance
of plants in human subsistence and ecological factors
such as the distribution and abundance of species play
crucial roles in the interactions between people and
plants (Casas et al. 2007). Blancas et al. (2013) also
show that the number of uses of a species and its
abundance and distribution are important indicators
for the management of plants, which is driven in
response to food security and resource scarcity.

Morphological variation

Morphometric analyses have indicated that C. cori-
aceum individuals differ phenotypically according to
their management type, confirming our hypothesis that
C. coriaceum individuals differ phenotypically
between populations under different conditions (cul-
tivation, in situ management and incipient manage-
ment). In general, the phenotypes preferred by local
people were more abundant in cultivated populations,
and therefore, the average values for the studied
characteristics were different between the manage-
ment types. As described above, the fruit size is a
major feature for humans, and this fact indicates that
human selection has favored this feature, particularly
in cultivated populations in which the desirable
characteristics are selected. The confirmation of our
hypothesis shows that the management regime model
for analyzing morphological diversity from the per-
spective of human selection and incipient domestica-
tion process, as already tested for many other non-
woody plant species, is also suitable for woody
species, as studied in Spondias tuberosa (Lins Neto
et al. 2012), Crescentia cujete (Aguirre-Dugua et al.
2013) and in this work on pequi.

In addition to the fruits, other plant parts tend to be
analyzed, such as flowers and some vegetative parts
(branches, height) (Parra et al. 2012), to test whether
the management regime type affects other parts of the
plant beyond the reproductive structures. For C.
coriaceum, there were no observed differences in the
studied vegetative parts (height and DGL). This
finding may be indicative that the selection of a
particular characteristic as a target does not
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necessarily lead to concurrent changes in other parts of
the plant. Furthermore, there may be more variations
in secondary metabolites for tree species as a result of
human selection than in other syndromes commonly
related to annual species (Meyer et al. 2012). Although
other characteristics (in the reproductive and vegeta-
tive parts, such as in the flowers and branches,
respectively) were not analyzed in this study, the
results of the local perception along with morphome-
tric data are strong evidence of the role of human
selection in the evolutionary process of plants at the
incipient stage of domestication. If human selection is
considered a decisive factor in this process, then a
selection that is directed to a particular target charac-
teristic is expected, even if other features are indirectly
selected or not during the process. Thus, the results for
C. coriaceum indicate a strong trend in the influence of
human selection on plant species populations, and they
are in accordance with the findings of other studies
(Cruz and Casas 2002; Arellano and Casas 2003; Lins
Neto et al. 2012, 2014), which are therefore indicative
of the role of traditional management in morpholog-
ical changes in plant populations.

The formation of two groups, according to the cluster
analysis, was not consistent with the perception of a
continuum that local collectors have in relation to the
fruit’s morphological diversity. According to this contin-
uum, the populations under cultivated and incipient
management would be more similar to one another;
however, incipiently managed populations were observed
to be less similar to the cultivated plants and more similar
to those managed in situ, and the latter were more similar
to the populations under cultivation. This finding may be
related to the proximity of these management types
(incipient and in situ management) or because the
populations under in situ management likely have the
same management history as the populations under
incipient management. This fact may be evidence of past
management that was conducted in the area in which the
population was managed in situ (National Forest), which
was once inhabited by local human groups approximately
60 years ago and is a sustainable-use conservation unit
today. Thus, the native individuals that are found inside
the FLONA experienced some degree of management in
the past, which is why we have not considered the forest
individuals to be wild.

The size of the C. coriaceum fruit is a very
important characteristic that influences even the
collection.dynamic.inside-the FLONA. (Sousa Junior

et al. 2013), with the largest fruits generally collected
for sale while the smaller ones are used for oil
production. In this way, people grow pequi trees
individuals with the aim of producing larger fruit that
is of better quality, not only for consumption but also
for trade (Sousa Junior et al. 2013). This observation
highlights the socio-economic aspect as a driving
force based on the economy (Biirgi et al. 2004), which
favors the manipulation of plant populations to meet
the demands of human groups. Human selection
(artificial) and traditional management are mecha-
nisms that are therefore leading plant populations to
domestication (Casas et al. 2007). Although environ-
mental and genetic variables (which are not included
in the current study) influence morphological varia-
tion, our evidence indicates human selection along
with different management regimes (cultivation,
in situ and incipient management) as strong factors
favoring the differences in C. coriaceum fruit, and it
follows the trends in studies of other species (Cruz and
Casas 2002; Arellano and Casas 2003; Lins Neto et al.
2012, 2014). However, it is important to note that the
perennial species may have different domestication
syndromes from those found in annual plants (Meyer
et al. 2012), therefore making it necessary to focus
more on these differences in future studies.

Conclusion

The results presented here allow us conclude that the
pequi fruits (C. coricaceum) shows great morpholog-
ical diversity and that it is perceived by local people.
Fruits from cultivated areas were significantly higher
than from all others, corroborating the local perception
of morphological variation related to the distinct
management regimes in use. The fruit size is preferred
feature for humans, who select this feature and keep it
in cultivated populations. Although this study has
some limitations (such as lack of sampling in other
areas for each type of system studied), a crucial
contribution of this work was to identify cultivation as
the probable consequence of this human selection of a
particular character (fruit). This result is observed in
other tree species already described above. Although
environmental factors can influence morphological
variation, human selection is shown to be the driving
force that favors morphological differences of the
target character of this selection. In this study, for
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example, the fruit, compared to other parameters of the
species examined here (DGL and plant height), has
shown morphological variation in relation to the
management systems studied. The intentional selec-
tion of C. coriaceum fruit as well as the management
forms used by local people may be evidence of the
incipient process of domestication because the man-
agement of the pequi tree is a process that has was
started long ago, and, as in all studies, the data from
this work fit the time frame of this process. Nonethe-
less, genetic studies are needed for greater clarity on
this issue.

Acknowledgments We thank all the informants from the
Horizonte (Ceara) and Sdo José communities who contributed to
this study; Prof. Patricia Muniz de Medeiros, for assistance with
the statistical analyses; colleagues of the Laboratory of Ecology
and Evolution of Social-Ecological Systems (LEA) that
contributed to the collection of data; CAPES for the
scholarship Granted to JRSJ; and CNPq, for the research
productivity scholarship Granted to UPA, RGC and NP; and
we also thank the Pernambuco Research Foundation (Fundacdo
de Amparo a Ciéncia e Tecnologia do Estado de Pernambuco—
FACEPE) for the financial support (APQ-1264- 2.05/10).

References

Aguirre-Dugua X, Eguiarte LE, Gonzales-Rodrigues A, Casas A
(2012) Round and large: morphological and genetic con-
sequences of artificial selection on the gourd tree Cres-
centia cujete by the Maya of the Yucatan Peninsula,
México. Ann Bot 109:1297-1306

Aguirre-Dugua X, Pérez-Negron E, Casas A (2013) Phenotypic
differentiation between wild and domesticated varieties
of Crescentia cujete L. and culturally relevant uses of their
fruits as bowls in the Yucatan Peninsula, Mexico. J Eth-
nobiol Ethnomed 9:76

Albuquerque UP, Ramos MA, Lucena RFP, Alencar NL (2014a)
Methods and techniques used to collect ethnobiological
data. In: Albuquerque UP, Cunha LVFC, Lucena RFP,
Alves RRN (eds) Methods and techniques in Ethnobiology
and Ethnoecology. Springer Protocols Handbooks, New
York, pp 15-37

Albuquerque UP, Lucena RFP, Lins Neto EMF (2014b) Selec-
tion of research participants. In: Albuquerque UP, Cunha
LVFC, Lucena RFP, Alves RRN (eds) Methods and tech-
niques in ethnobiology and ethnoecology. Springer Proto-
cols Handbooks, New York, pp 1-13

Arellano E, Casas A (2003) Morphological variation and
domestication of Escontria chiotilla (Cactaceae) under
silvicultural management in the Tehuacan Valley, Central
Mexico. Genet Resour Crop Evol 50:439-453

Avendafio A, Casas A, Davila P, Lira R (2006) Use forms,
management and commercialization of “pochote” Ceiba
aesculifolia (HB & K) Britten & Baker f. subsp. parvifolia

@ Springer

(Rose) P. E. Gibbs & Semir (Bombacaceae) in the
Tehuacan Valley, central Mexico. J Arid Environ 67:15-35

Bailey K (1994) Methods of social research. The Free Press,
New York

Blancas J, Casas A, Pérez-Salicrup D, Caballero J, Vega E
(2013) Ecological and socio-cultural factors influencing
plant management in Ndhuatl communities of the Tehua-
can Valley, Mexico. J Ethnobiol Ethnomed 9:39

Biirgi M, Hersperger AM, Schneeberger N (2004) Driving for-
ces of landscape chance—current and new directions.
Landscape Ecol 19:857-868

Carmona A, Casas A (2005) Management, phenotipic patterns
and domestication of Polaskia chichipe (Cactaceae) in the
Tehuacan Valley, Central Mexico. J Arid Environ
60:115-132

Casas A (2005) Evolucion bajo domesticacion en cactaceas
columnares Mesoamericanas. In: Albuquerque UP, Alves
AGC, Silva ACBL, Silva VA (eds) Atualidade em Etno-
biologia e Etnoecologia—2? edi¢do. Editora Livro Réapido/
NUPEEA, Recife

Casas A, Caballero J (1996) Traditional management and
morphological variation in Leucaena esculenta (Fabaceae:
Mimosoideae) in the mixtec region of Guerrero, Mexico.
Econ Bot 50:167-181

Casas A, Pickersgill B, Caballero J, Valiente-Banuet A (1997)
Ethnobotany and domestication in Xoconochtli, Steno-
cereus stellatus (Cactaceae), in the Tehuacan Valley and la
mixteca baja, Mexico. Econ Bot 51:279-292

Casas A, Caballero J, Valiente-Banuet A, Soriano JA, Davila P
(1999) Morphological variation and the process of
domestication of Stenocereus stellatus (Cactaceae) in
Central Mexico. Am J Bot 86:522-533

Casas A, Cruse-Sanders J, Morales E, Otero-Arnaiz A, Valiente-
Banuet A (2006) Maintenance of phenotypic and genotypic
diversity in managed populations of Stenocereus stellatus
(Cactaceae) by indigenous peoples in Central Mexico.
Biodivers Conserv 5:879-898

Casas A, Otero-Arnaiz A, Pérez-Negron E, Valient-Banuet A
(2007) In situ management and domestication of plants in
Mesoamerica. Ann Bot 100:1101-1115

Clement CR, Cristo-Araijo M, d’Eeckenbrugge GC, Pereira
AA, Picanco-Rodrigues D (2010) Origin and domestica-
tion of native Amazonian crops. Diversity 2:72-106

Cruse-Sanders JM, Parker KC, Friar EA, Huang DI, Mashaye-
khi S, Prince LM, Otero-Arnaiz A, Casas A (2013)
Managing diversity: domestication and gene flow in
Stenocereus stellatus Riccob. (Cactaceae) in Mexico. Ecol
Evol 3:1340-1355

Cruz M, Casas A (2002) Morphological variation and reproduc-
tive biology of Polaskia chende (Cactaceae) under domes-
tication in Central Mexico. J Arid Environ 51:561-576

Duputi¢ A, Massol F, David P, Haxaire C, Mckey D (2009)
Traditional Amerindian cultivators combine directional
and ideotypic selection for sustainable management of
cassava genetic diversity. J Evol Biol 22:1317-1325

Gepts P (2004) Crop domestication as a long-term selection
experiment. In: Janick J (ed) Plant breeding reviews. AVI,
Connecticut, pp 1-44

Gongalves CU (2008) Os Piquizeiros da Chapada do Araripe.
Revista de Geografia. Recife: UFPE—DCG/NAPA 25:
88-103

www.manaraa.



Agroforest Syst (2018) 92:11-21

21

Gonzales-Insuasti MS, Caballero J (2007) Managing plant
resources: how intensive can it be? Hum Ecol Interdiscip J
35:303-314

Gonzales-Soberanis C, Casas A (2004) Traditional management
and domestication of tempesquistle, Sideroxylon palmeri
(Sapotaceae) in the Tehuacan-Cuicatlan Valley, Central
México. J Arid Environ 59:245-258

Gribel R, Hay JD (1993) Pollination ecology of Caryocar bra-
siliense (Caryocaraceae) in Central Brazil Cerrado Vege-
tation. J Trop Ecol 9:199-211

Gwali S, Nakabonge G, Okullo JBL, Eilu G, Nyeko P, Vuzi P
(2012) Morphological variation among shea tree (Vitel-
laria paradoxa subsp. nilotica) ‘ethnovarieties’ in Uganda.
Genet Resour Crop Evol 59:1883-1898

IBAMA (Instituto Brasileiro do Meio Ambiente e dos Recursos
Naturais Renovaveis) (2010) http://www.ibama.gov.br/
prevfogo/wpcontent/files/Plano_Operativo_Final_Flona_
de_Araripe.pdf

Lins Neto EMF, Peroni N, Albuquerque UP (2010) Traditional
knowledge and management of Umbu (Spondias tuberosa,
Anacardiaceae): an endemic species from the semi-arid
region of northeastern Brazil. Econ Bot 64:11-21

Lins Neto EMF, Peroni N, Maranhio CMC, Maciel MIS,
Albuquerque UP (2012) Analysis of umbu (Spondias
tuberosa Arruda. (Anacardiaceae)) in different landscape
management regimes: a process of incipient domestica-
tion? Environ Monit Assess 184:4489-4499

Lins Neto EMF, Oliveira IF, Britto FB, Albuquerque UP (2013)
Traditional knowledge, genetic and morphological diver-
sity in populations of Spondias tuberosa Arruda (Anacar-
diaceae). Genet Resour Crop Evol 60:1389-1406

Lins Neto EMF, Peroni N, Casas A, Parra F, Aguirre X, Guillén
S, Albuquerque UP (2014) Brazilian and Mexican experi-
ences in the study of incipient domestication. J Ethnobiol
Ethnomed 10:33

Lira R, Casas A (1998) Uso y manejo de Ibervillea millspaughii
(Cogn.) C. Jeffrey, Melothria pendula L. y otras especies
silvestres de la familia Curcubitaceae: posibles procesos de
domesticacién incipiente. Bol Soc Bot México 62:77-89

Lopez-Palacios B, Pefia-Valdivia J, Reyes-Agiiero A, Aguirre-
Rivera R, Ramirez-Tobias HM, Soto-Herniandez RM,
Jiménez-Bremont JF (2015) Inter- and intra-specific vari-
ation in fruit biomass, number of seeds, and physical
characteristics of seeds in Opuntia spp. Genet Resour Crop
Evol 62(8):1205-1223. doi:10.1007/s10722-015-0223-9

Lozano A, Aratjo EL, Medeiros MFT, Albuquerque UP (2014)
The apparency hypothesis applied to a local pharma-
copoeia in the Brazilian northeast. J Ethnobiol Ethnomed
10:2

Meyer RS, DuVal AE, Jensen HR (2012) Patterns and processes
in crop domestication: an historical review and quantitative
analysis of 203 global food crops. New Phytol 196:29-48

Miller AJ, Gross BL (2011) From forest to field: perenial fruit
crop domestication. Am J Bot 98(9):1389-1414

Parra F, Blancas JJ, Casas A (2012) Landscape management and
domestication of Stenocereus pruinosus (Cactaceae) in the
Tehuacan Valley: human guided selection and gene flow.
J Ethnobiol Ethnomed 8:32

Pickersgill B (2007) Domestication of plants in the Americas:
insights from Mendelian and molecular genetics. Ann Bot
100:925-940

Pickersgill B (2013) Some current topics in plant domestication:
an overview with particular reference to Amazonia. Tipiti:
J Soc Anthropol Lowland South Am 11:16-29

R Development Core Team (2011) R: A language and envi-
ronment for statistical computing. R Foundation for Sta-
tistical Computing, Vienna, Austria. ISBN 3-900051 07-0,
URL http://www.r-project.org/

Rieseberg LH, Widmer A, Arntz AM, Burke JM (2002)
Directional selection is the primary cause of phenotypic
diversification. Proc Natl Acad Sci USA 99:12242-12245

Rodrigues-Arévalo I, Casas A, Lira R, Campos J (2006) Uso,
Manejo y procesos de domesticacion de Pachycereus
hollianus (F.A.C. WEBER) BUXB. (Cactaceae), em El
Valle de Tehuacan-Cuicatlin México. Interciencia
31:677-685

Snuc (2002) Sistema Nacional de Unidade de Conservagao:
texto da Lei 9.985 de 18 de Junho de 2000 e vetos da
presidéncia da Republica ao PL aprovado pelo Congresso
Nacional e Decreto No 4.340, de 22 de Agosto de http://
www.rbma.org.br/rbma/pdf/Caderno_18_2ed.pdf

Sousa Janior JR, Albuquerque UP, Peroni N (2013) Traditional
Knowledge and Management of Caryocar coriaceum
Wittm. (pequi) in the Brazilian Savanna northeastem
Brazil. Econ Bot 67:225-233

Vargas A, Blanco FA (2000) Fruit characterization of Cocos
nucifera L. (ARECACEAE) cultivars from the Pacific
coast of Costa Rica and the Philippines. Genet Resour Crop
Evol 47:483—487

Zeder MA, Bradley DG, Emshwiller E, Smith BD (2006)
Documentating domestication. University of California
Press, Berkley, California, 377 p

Zizumbo-Villarreal D, Pifiero D (1998) Pattern of morphologi-
cal variation and diversity of Cocos nucifera (Arecaceae)
in Mexico. Am J Bot 6:855-865

Zizumbo-Villarreal D, Fernandez-Barrera M, Torres-Hernan-
dez N, Colunga G-MP (2005) morphological variation of
fruit in Mexican populations of Cocos nucifera L. (Are-
caceae) under in situ and ex situ conditions. Genet Resour
Crop Evol 52:421-434

Zohary D (2004) Unconscious selection and evolution of
domesticated plants. Econ Bot 58:5-10

Zohary D, Hopf M (2000) Domestication of plants in the old
world. Oxford University Press, New York

@ Springer

www.manaraa.


http://www.ibama.gov.br/prevfogo/wpcontent/files/Plano_Operativo_Final_Flona_de_Araripe.pdf
http://www.ibama.gov.br/prevfogo/wpcontent/files/Plano_Operativo_Final_Flona_de_Araripe.pdf
http://www.ibama.gov.br/prevfogo/wpcontent/files/Plano_Operativo_Final_Flona_de_Araripe.pdf
http://dx.doi.org/10.1007/s10722-015-0223-9
http://www.r-project.org/
http://www.rbma.org.br/rbma/pdf/Caderno_18_2ed.pdf
http://www.rbma.org.br/rbma/pdf/Caderno_18_2ed.pdf

Reproduced with permission of copyright owner. Further reproduction
prohibited without permission.

www.manaraa.

Ol LA ZIJI_F.LI



	Traditional management affects the phenotypic diversity of fruits with economic and cultural importance in the Brazilian Savanna
	Abstract
	Introduction
	Materials and methods
	Study area
	Data collection
	Perception of morphological variation
	Phenotypic variation
	Data analysis

	Results
	Perception of variations in C. coriaceum fruits
	Phenotypic variation

	Discussion
	Perception of morphological variation
	Morphological variation

	Conclusion
	Acknowledgments
	References




