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the dendrogram revealing two distinct groups corresponding 
to the collection sites, without mixing classes between popu-
lations in the same group. As for the coancestry coefficient, 
pairs of individuals in the first distance class were positive 
and significant, indicating that plants that are geographi-
cally closer share common alleles with a frequency greater 
than by chance, which means that there is a tendency that 
geographically closer individuals are related. Individuals 
presented similar genetic structure when the geographical 
distance between them was up to 56 m for FAPB and up to 
156 m for FAPBA. It was concluded that anthropized envi-
ronments exhibit less genetic diversity than native environ-
ments, inferring risks for species conservation if appropriate 
and planned management techniques are not adopted.

Keywords  Guadua · Bamboo · Genetic diversity · 
Amazon rainforest · Anthropized and native populations · 
Underutilization plants

Introduction

The Amazon Rainforest (Amazonia) has the highest biologi-
cal diversity on the planet and considered one of the world’s 
most important ecosystems (Forzza et al. 2012). In Brazil, 
the state of Acre occupies an important position in Amazo-
nia because of its richness and endemism of species, and 
more than half of its territory is dedicated for the protection 
of biodiversity (Acre 2006). The forests harbor a large num-
ber of plant species with economic potential (Daly 2004), of 
which bamboo is considered to be one of the world’s most 
prominent non-timber forest products.

Acre has the world’s largest native bamboo reserves, con-
stituting the largest in loco gene bank and attracting inter-
national attention for its production potential (Pereira and 
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Beraldo 2007). However, the structure and genetic diversity 
of their populations are still largely unknown (Gonçalves 
et al. 2010). This information is important and fundamen-
tal for adopting appropriate genetic conservation and man-
agement strategies. Moreover, maintaining the genetic and 
evolutionary variability of species is dependent on genetic 
conservation, which is one of the greatest challenges for spe-
cies of economic interest in the Amazon (Yeeh et al. 1996; 
Toro and Caballero 2005). The predatory exploitation of 
forest resources in areas where bamboo occurs can com-
promise its genetic diversity. Additionally, Brazilian forest 
laws do not provide specifications for the management of 
forests dominated by bamboo, regardless of the type of for-
est. Research on the structure and genetic diversity of Acre 
bamboo reserves is largely non-existent or little known.

In Brazil, the only existing research addressed the devel-
opment of microsatellite markers for Aulonemia aristulata 
(Döll) McClure and the cross-amplification in bamboo spe-
cies (Abreu et al. 2011). Research to evaluate the genetic 
structure and diversity of bamboo populations is of major 
importance for supporting sustainable management, with-
out detriment to the forest communities in which they are 
located. The objective of this research is to characterize 
the diversity and genetic structure of Guadua weberbaueri 
Pilge. with and without anthropic interference in an area of 
mixed forest with palm and bamboo species in the Western 
Brazilian Amazon.

Materials and methods

Characterization of the study area

The study area is located in the Riozinho da Liberdade 
Extractive Reserve between 7° 30′ and 9° 00′ S and 71° 15′ 
and 72° 30′ W. The region has an average annual tempera-
ture of 23 °C, ranging from 17 to 38 °C. Annual rainfall 
is approximately 2000 mm (Acre 2006). According to the 
new Brazilian Soil Classification System, Luvisols, Argisols, 
Cambisols, and Gleisols are predominant in the Riozinho da 
Liberdade sub-basin (EMBRAPA 2011). The vegetation is 
represented by Open Ombrophilous Forest, characterized by 
the abundance of palm trees, vines or bamboos (Bernarde 
et al. 2011).

Collection of plant material

The plant material (leaf tissue taken from the middle sec-
tion of adult leaflets) for DNA extraction was collected from 
adult plants of G. weberbaueri in an open forest with a mix 
of palm and bamboo species (FAPB) and an anthropized 
open forest with palm and bamboo populations (FAPBA). 
In 1985, the area where the FAPBA population now occurs, 

was cleared of native vegetation for agricultural cropping. 
After three years of cultivation, the area was abandoned and 
is now in the process of natural restoration, which includes 
palm and bamboo species. For the identification of the bam-
boo, leaves, flowers, culms and seeds were collected, pre-
pared in exsiccates and sent to the botanical identification 
herbarium of the Federal University of Acre. The scientific 
name was standardized according to APG III (2009).

For each FAPB and FAPBA study population, a 14.5 ha 
area was delimited, and 10 sampling points systematically 
established every 100 m to install 20 m × 50 m plots. Of 
these points, three were randomly selected for measuring 
culms and collecting plant material for DNA extraction. The 
material was placed in polyethylene plastic bags contain-
ing five grams of silica gel and stored in polystyrene boxes. 
Subsequently, the samples were transported to the laboratory 
where they were stored at − 80 °C until DNA extraction.

The diameter and height of the plants were measured 
using a tape measure and telescopic rod, respectively. 
Heights were stratified into 2-m classes. The geographic 
coordinates of the bamboo culms were obtained by GPS 
receiver (Garmin Gpsmap 76csx), and the Cartesian coor-
dinates (XY) used to analyze the spatial genetic structure.

Extraction and amplification of DNA using 
the molecular marker ISSR (Inter Simple Sequence 
Repeats)

DNA extraction was according to Mogg and Bond (2003) 
and quantified by both spectrophotometer estimation and 1% 
agarose gel with ethidium bromide (10 μL/100 mL TBE). 
The gels were photographed under UV light using a photo 
documentation system. For DNA amplification, a final con-
centration of 5 ng/IU was used.

Reactions for DNA amplification were performed in a 
thermocycler where 37 cycles were carried out, consisting 
of a 5-min initiation step at 94 °C, followed by denatura-
tion at 94 °C for 45 s, a step for binding the ISSR primer to 
the DNA template (annealing) at 56 °C for 45 s and a final 
extension step at 72 °C for 7 min (Tian et al. 2012).

The volume of each amplified sample was 13 μL: 3 μL 
of DNA added to 10 μL of PCR reaction mix [1.3 μL of 
10 × buffer (consisting of 500  mM Tris–HCl pH 8.0, 
200 mM KCl, 2.5 mg mL−1 BSA, 200 mM Tartazine and 
1% Ficoll), 1.3 μL dNTP + 1.3 μL BSA (2.5 mM dNTP, 
2.5 mg BSA/mL), 0.246 μL Taq polymerase (5 U/μL) and 3 
μL primer (1.2 mM), and the final volume completed with 
ultrapure water. The amplification products were submit-
ted to electrophoresis in 1.5% agarose gel stained with 15 
μL/100 mL ethidium bromide in 1 × TBE solution (0.1 M 
Tris base, 1 M boric acid and 0.5 M EDTA) at 200 V for 
two and a half hours.
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The gels were then photographed under UV light in which 
the 1 kb DNA ladder was used to estimate the molecular size 
of the amplified fragments. Initially, 57 primers were tested 
on 12 DNA samples randomly selected from the total set of 
579 individuals. Of those tested, the eight primers that pre-
sented the best resolution and most polymorphic fragments 
of DNA were used (Table 1).

Data analysis

Based on the photographs of the gels, the absence (0) or 
presence (1) of the amplified ISSR fragments for the con-
struction of the binary matrix were recorded, submitted to 
statistical analyses, including descriptive analysis of the data 
(number of bands, number of polymorphic bands and num-
ber of exclusive bands). The optimal number of polymorphic 
bands was analyzed in the GENES program (Cruz 2001) 
according to the bootstrap method. To be considered ideal 
for estimating genetic diversity, the stress value—which 
indicates the fit between the original matrix and the simu-
lated matrix—should be lower than 0.05.

The genetic diversity parameters: percentage of polymor-
phic loci (P), number of effective alleles (ne), number of 
alleles observed (na), Nei’s genetic diversity (He), Shannon 
index (I) and gene flow were calculated using the POPGENE 
program (see 1.32, Yeh et al. 1997). To estimate the poly-
morphic information content (PIC), the formula PIC = 2 Pi 
(1−Pi) was used, where Pi is the frequency of amplified 
polymorphic fragments and 1-Pi is the frequency of the 
null allele. The PIC indicates the ability of each marker to 
be found in two different states (absence/presence), in two 
plants randomly taken from the population. Thus, it can vary 
between 0 (monomorphic markers) to 0.5, for those present 
in 50% of the plants and absent in the other 50% (Roldán-
Ruiz et al. 2000).

The analysis of molecular variance (AMOVA) was 
estimated using the ARLEQUIN v.3.1 program (Excoffier 

et al. 2007) to determine the structuring of genetic vari-
ability within and among populations. Genetic similarity 
among populations was calculated based on the Jaccard 
coefficient with the aid of the NTSYS v. 2.11X program 
(Rohlf 2000). The similarity matrix obtained was used to 
construct a dendrogram using the unweighted pair group 
method with arithmetic mean (UPGMA). The consistency 
of these groupings was verified through the TFPGA v.1.3 
program (Miller 1997). NTSYS was also used to obtain the 
correlation between geographic and genetic distances and 
between populations, and its significance was evaluated by 
the Mantel test (10,000 permutations).

The organization of genetic diversity was also evaluated 
through Principal Component Analysis (PCA) and Principal 
Coordinates Analysis (PCoA) using Euclidean distance, in 
order to represent the genetic distances between the popula-
tions. In this analysis, the GeneAIEx v.6.4 program (Peakall 
and Smouse 2006) was used.

The genetic coancestry coefficient, aimed at analyzing 
the pattern of spatial structure between the populations, was 
obtained by the kinship coefficient between pairs of indi-
viduals for each of the distance classes. These estimates 
were made using the SPAGeDI program, version 1.2 (Hardy 
and Vekemans 2002), with eight distance classes being pre-
established. For this, coefficients were calculated based on 
the correlation between the genetic distances and the spatial 
connectivity matrices. Additionally, 95% confidence inter-
vals were constructed for the average coancestry coefficient 
estimated for distance class. To test the occurrence of spatial 
genetic structure within each distance class, 10,000 permuta-
tions were used.

Results and discussion

The primers produced 81 fragments, with minimum and 
maximum numbers 7 and 12 for primers UBC850 and 

Table 1   ISSR primers selected 
for amplification with their 
base sequences, number of 
amplified fragments (loci) and 
Polymorphism Informational 
Content (PIC)

PIC, polymorphic information content; FAPBA, Open Forest with Palm and Bamboo (anthropized); FAPB, 
Open Forest with Palm and Bamboo (native). Y = pirimidina (C ou T)

Primer Sequences (5′-3′) N° of loci PIC

FAPBA FAPB

ISSR 11zm TGT​CAC​ACA​CAC​ACA​CAC​ 7 0.50 0.50
ISSR 32zm AGC​AGC​AGC​AGC​ 11 0.48 0.49
ISSR 39zm AGC​AGC​AGC​AGC​AC 11 0.48 0.50
ISSR 51zm GCA​CCC​ACA​CAC​ACA​CAC​ACACA​ 12 0.47 0.46
ISSR 52zm GGC​ACC​ACA​CAC​ACA​CAC​ACACA​ 12 0.37 0.40
ISSR UBC850 GTG​TGT​GTG​TGT​GTG​TYC​ 8 0.49 0.50
ISSR UBC855 ACA​CAC​ACA​CAC​ACA​CYT​ 12 0.37 0.50
ISSR UBS 857 ACA​CAC​ACA​CAC​ACA​CYG​ 8 0.47 0.48
Average 10 0.45 0.48
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UBC855, respectively. PIC values ranged from 0.37 to 0.50 
for FAPBA and 0.40 to 0.50 for FAPB, indicating that the 
markers presented high informativity. According to Duarte 
et al. (2015), the PIC (polymorphic information content) 
defines the efficiency of the markers, where values greater 
than zero already detect polymorphism between individuals.

These results confirm the numbers of polymorphic frag-
ments for the FAPB (97.5%) and FAPBA (93.8%) popu-
lations, corroborating that, although the number of ISSR 
primers (8) reproduced fewer bands, they provided a higher 
percentage of polymorphic loci and are thus sufficient to 
safely analyze the genetic diversity of G. weberbaueri, since 
the observed stress value (0.02) was lower than 0.05. It is 
also noted that, from the number of 600 marks (60 loci), the 
correlation exceeded 0.9 (Fig. 1).

According to Boza et al. (2013), highly polymorphic 
markers are useful in identifying genetic diversity. Further-
more, Gonçalves et al. (2014) argue that the use of large 
numbers of markers may make research unfeasible due to 
increased costs, without leading to a significant increase 
in accuracy of the data. Other research using ISSR mark-
ers for studies of genetic diversity in bamboo populations 
also obtained high polymorphism, (albeit with values lower 
than those found for the species covered in this study), 
such as Tian et al. (2012) for the genus Dendrocalamus 
(87.6%); Mukherjee et al. (2010) for the genera Bambusa, 

Dendrocalamus, Melocanna, Oxytenanthera, Phyllostachys, 
Pleioblastus and Schizostachyum (97%), and Muñoz et al. 
(2010) for Guadua (88.9%).

Genetic differentiation among populations was signifi-
cant at a 5% significance level (p-value < 0.001), where the 
FAPB population presented higher values for all estimates 
of population diversity compared to the FAPBA population 
(Table 2). These results confirm that the FAPB population 
(He = 0.34, I = 0.50) has greater genetic diversity than the 
FAPBA population (He = 0.27, I = 0.41).

Tian et al. (2012) evaluated the genetic diversity in seven 
populations of giant bamboo (Dendrocalamus giganteus 
Munro), assuming the Hardy Weinberg equilibrium, and 
obtained an average of Nei’s diversity index of 0.04 (Nei 
1978) and Shannon index of 0.06. Yang et al. (2012) studied 
12 populations of Dendrocalamus membranaceus Munro, 
a species in decline due to commercial overexploitation, 
and obtained He and I averages of 0.16 and 0.25, respec-
tively. These values are lower than those found in the present 
study, evidencing greater genetic diversity in populations 
of G. weberbaueri. Muñoz et al. (2010), found a higher 
value of He (0.54) in populations of Guadua angustifolia 
in Colombia.

According to Muñoz et al. (2010), variability is intro-
duced continuously in populations. Specifically in the case 
of bamboo populations, they exhibit high diversity due to the 
presence of heterozygous individuals and their allogamous 
nature, i.e. reproducing by cross fertilization. Another factor 
to be considered is reproduction via seeds which may also 
explain the increase in genotypic variability in populations 
of G. weberbaueri. Regarding anthropized environments, 
according to Yang et al. (2012), these are subject to varia-
tions in the genetic diversity of their populations. Moraes 
et al. (2005) evaluated the genetic diversity in populations 
of aroeira (Myracrodruon urundeuva M. Allemao) under 
conditions of low and high intensity of anthropization, and 
found lower genetic diversity in populations with the high-
est anthropization, attributed to inbreeding due to the low 
population density.

With regards to the percentage of polymorphic loci (P 
%), all height classes (Table 2) in both study populations 
had P % ≥ to 80% polymorphism, except class 8 m–12 m 
of the FAPBA; none of the populations exhibited exclusive 
bands. The variation in genetic diversity was significant 
(p-value < 0.001) among height classes (3.7%), where most 
variation occurred within the total set of 579 individuals 
evaluated (96.3%). When compared, most height classes of 
the FAPB population exhibited higher values, both in the 
Shannon index (except for the 12–16 m class) and Nei’s 
index (except for the 0–4 m class), and showed the same 
He = 0.28. Aguiar et al. (2013) found similar results when 
evaluating the genetic diversity of tree species at differ-
ent successional stages. They observed greater genetic 
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Fig. 1   a Correlation between the number of polymorphic fragments 
and the stress value (r) obtained through the bootstrap method. Open 
forest with palm and bamboo (anthropized)—FAPBA population and 
b open forest with palm and bamboo (native)—FAPB population
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variability in the population at a more advanced stage of 
succession, concluding that the lower genetic diversity in 
the initial stages of regeneration is a result of seed replace-
ment by a few remaining matrices near the area. Martins 
et al. (2008) noted that anthropized areas in the Amazon will 
require continuous genetic input during successive genera-
tions to reestablish the levels of genetic diversity observed 
in primary forests.

Reis et al. (2009) also found variations in diversity and 
genetic structure by height class, studying guanandi (Calo-
phyllum brasiliense Cambess), and concluded that its high 
genetic diversity can be attributed to the high population 
density among individuals sampled in their respective height 
classes. Comparatively, in this study, there were no varia-
tions in density per class but rather at the population level, 
in which the FAPB showed 518 culms and the FAPBA 279. 
Bem et al. (2015) and Ramos et al. (2016) confirm that pop-
ulation size has a direct influence on the genetic structure 
and diversity of populations.

Considering the FAPB and FAPBA populations, the anal-
ysis of molecular variance revealed that most of the variation 
in genetic diversity occurred significantly (p < 0.01) within 
the populations (81%), whereas only 19% was due to differ-
ences among individuals between populations, indicating a 
good structuring within populations. Nybom (2004), Jeong 
et al. (2010), and Yang et al. (2012) confirm that most of 
the genetic variation occurs within the population and, in 
the specific case of bamboo, this may be related to its long 

vegetative phase (20 to 150 years), accounting for 10 to 20% 
of that variation when cross-hybridization occurs, and up to 
50% in the case of self-crossing.

The FAPBA population showed lower genetic diversity 
than the FAPB population, however, with high heterozy-
gosity, explained by its sexual reproduction system which 
presents ample seed production with dispersion by wind 
(Kageyama et al. 2003). Pollen grains of wind-dispersed 
species travel greater distances, which ensures a high fre-
quency of migration between populations per generation 
(Hamrick 1991), a fact corroborated with the value of the 
estimated gene flow (Nm = 3.99) among the G. weberbaueri 
populations.

Nm values ˃ 1 are typical of species with high gene flow 
(Muñoz et al. 2010). According to Wang (2004), one to ten 
migrants per generation among populations can avoid mat-
ing among related individuals. Therefore, the Nm found 
in this study suggests that the exchange of alleles between 
populations is high, and therefore sufficient to maintain 
populations with similar allele frequencies. The absence of 
exclusive bands in the evaluated populations of G. weber-
baueri ratifies this result.

With a geographic distance of 3.5 km, the genetic dis-
tance between the populations of G. weberbaueri was 
0.12 km and the estimated Nei identity was 0.89. Nei (1978) 
classified the genetic distance as low when the distance is 
less than 0.05; average when it is between 0.05 and 0.15, and 
high when greater than 0.15. Therefore, the genetic distance 

Table 2   Distribution of the 
genetic variability of the FAPB 
and FAPBA populations in 
different height classes based on 
ISSR markers

H height, Na number of alleles observed, Ne number of effective alleles, He Nei’s genetic diversity, I Shan-
non Index, P (%) percentage of polymorphic loci, P number of polymorphic loci, (…): standard deviation

Na Ne He I P (%) P

Parameters of genetic diversity
 Population
  FAPBA 1.94 (0.24) 1.46 (0.37) 0.27 (0.18) 0.41 (0.24) 93.8 76
  FAPB 1.98 (0.15) 1.58 (0.39) 0.34 (0.15) 0.50 (0.20) 97.5 79

Parameters of genetic diversity FAPB
 H (m)
  0–4 2.00 (0.00) 1.49 (0.38) 0.28 (0.19) 0.43 (0.24) 100.0 81
  4–8 1.94 (0.24) 1.48 (0.36) 0.28 (0.17) 0.43 (0.23) 93.8 76
  8–12 1.90 (0.30) 1.46 (0.38) 0.27 (0.19) 0.40 (0.25) 90.1 73
  12–16 1.93 (0.24) 1.54 (0.37) 0.31 (0.19) 0.45 (0.25) 93.8 76
  16–20 1.88 (0.33) 1.44 (0.36) 0.26 (0.18) 0.40 (0.24) 87.7 71
  20–24 1.89 (0.32) 1.45 (0.35) 0.27 (0.18) 0.41 (0.25) 88.9 72

Parameters of genetic diversity FAPBA
 H (m)
  0–4 1.94 (0.24) 1.48 (0.36) 0.28 (0.18) 0.43 (0.23) 93.8 76
  4–8 1.83 (0.38) 1.39 (0.36) 0.23 (0.18) 0.36 (0.25) 82.7 67
  8–12 1.72 (0.45) 1.34 (0.35) 0.21 (0.19) 0.32 (0.26) 71.6 58
  12–16 1.85 (0.36) 1.46 (0.34) 0.28 (0.18) 0.42 (0.24) 85.2 69
  16–20 1.80 (0.40) 1.39 (0.39) 0.22 (0.20) 0.33 (0.27) 80.3 65
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between the populations in this study was average. The asso-
ciation between Nei’s genetic distances and the geographic 
distances between populations, estimated by the Mantel test, 
were significantly correlated (r = 0.45, p = 0.01). The main 
coordinate analysis (PCoA) obtained by Euclidean distance 
(Fig. 2), relating the FAPB and FAPBA populations, showed 
that the first two axes account for 32% of the total variation, 
revealing significant genetic variation among populations 
even with the approximation of individuals from different 
populations, which indicates the existence of proximity 
between them.

With regards to height classes of G. weberbaueri in natu-
ral and anthropized environments (Table 3), the genetic dis-
tance between the classes ranged from 0.02 (N1 and N2) to 
0.25 (N1 and A4, N5 and A5), with a mean genetic distance 
of 0.14, considered average by Nei (1978). The Mantel test 
showed that the correlation between genetic distance and 
geographical distance was significant (r = 0.43; p < 0.01).

The Principal Component Analysis (Fig. 3) corroborates 
these results, and it is possible to verify that no height class 

group is isolated, as well as closer proximity between classes 
of different population, such as native 6 with anthrop (1, 2, 
3, and 4).

The existence of significant genetic diversity among 
height classes can also be observed in the UPGMA dendro-
gram, constructed based on the values obtained from Nei’s 
genetic identity (Nei 1978). The formation of two distinct 
groups, native and anthropic is clear (Fig. 4) and correspond 
to the collection sites, without mixing height classes among 
populations in the same group. The cophenetic correlation 
coefficient was 0.89, and the branches that separate the 
groups exhibit high consistency, having a bootstrap with all 
values equal to 100%.

In the correlation chart for the coancestry coefficient (CC) 
(Fig. 5), eight spatial distance classes of G. weberbaueri 
individuals were estimated, with a variation in the spatial 

PC
2 

(1
9.

14
%

)

PC1 (12.88%)

Fig. 2   Principal coordinate analysis of 579 culms of Guadua weber-
baueri based on ISSR markers. Populations under study: native 
(FAPB—left) and anthropized (FAPBA—right)

Table 3   Estimates of identity (upper diagonal) and genetic distance (lower diagonal) calculated by the Nei method (1978), among the popula-
tions of Guadua weberbaueri (minimum and maximum values in bold)

Each sample set comprises the respective height classes (m): Native 1 (0–4); Native 2 (4–8); Native 3 (8–12); Native 4 (12–16); Native 5 (16–
20); Native 6 (20–24); Anthrop 1 (0–4); Anthrop 2 (4–8); Anthrop 3 (8–12); Anthrop 4 (12–16); Anthrop 5 (16–20)

Population (s) Native 1 Native 2 Native 3 Native 4 Native 5 Native 6 Anthrop 1 Anthrop 2 Anthrop 3 Anthrop 4 Anthrop 5

Native 1 0.98 0.87 0.90 0.89 0.88 0.84 0.82 0.81 0.78 0.79
Native 2 0.02 0.89 0.92 0.90 0.90 0.83 0.81 0.81 0.79 0.81
Native 3 0.14 0.12 0.94 0.86 0.87 0.86 0.85 0.85 0.84 0.85
Native 4 0.11 0.09 0.07 0.89 0.87 0.83 0.82 0.81 0.79 0.82
Native 5 0.11 0.10 0.15 0.11 0.96 0.83 0.80 0.80 0.79 0.78
Native 6 0.12 0.10 0.14 0.14 0.04 0.89 0.86 0.86 0.86 0.80
Anthrop 1 0.18 0.18 0.16 0.18 0.19 0.12 0.93 0.92 0.91 0.84
Anthrop 2 0.20 0.21 0.16 0.20 0.22 0.15 0.07 0.97 0.94 0.89
Anthrop 3 0.22 0.22 0.17 0.21 0.23 0.15 0.09 0.03 0.96 0.90
Anthrop 4 0.25 0.23 0.17 0.23 0.23 0.15 0.10 0.06 0.04 0.94
Anthrop 5 0.24 0.21 0.17 0.19 0.25 0.23 0.17 0.11 0.11 0.07
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Fig. 3   Principal Component Analysis of Guadua weberbaueri culms 
by vertical stratification, based on ISSR markers; each sample set 
comprises the respective height classes (m): Native 1 (0–4); Native 
2 (4–8); Native 3 (8–12); Native 4 (12–16); Native 5 (16–20); Native 
6 (20–24); Anthrop 1 (0–4); Anthrop 2 (4–8); Anthrop 3 (8–12); 
Anthrop 4 (12–16); Anthrop 5 (16–20)
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distribution pattern among the populations evaluated and a 
95% confidence interval.

In the FAPB population, the pairs of first-class individu-
als were positive and significant at 5% (p < 0.01; Fig. 5a), 
indicating that plants up to 56  m apart share common 
alleles with a frequency greater than by chance, showing 
that closer individuals tend be related. The value of the 

coancestry coefficient (Өxy = 0.11), which is close to that 
expected among half-sibling individuals, corroborates this 
information.

The spatial genetic structuring of the genotypes may be 
related to wind pollination where closer individuals tend 
to receive more pollen, resulting in greater genetic similar-
ity between geographically closer individuals. Or, it may be 
attributed to seed dispersal in the vicinity of the maternal 
trees (Dyer 2007; Vieira et al. 2010a, b; Zhou and Chen 
2010; Buzatti et al. 2012; Wang et al. 2012; Aguiar et al. 
2013; Dardengo et al. 2016; Ramos et al. 2016).

In the FAPBA population, the pairs of individuals in the 
first and third classes had positive values of coancestry coef-
ficient at 5% significance (p < 0.01, Fig. 5b), similar to that 
found for the FAPB population. Closer individuals tend to 
be related, observing that the CC value estimated for the first 
class (Өxy = 0.08) and third class (Өxy = 0.11) is close to that 
expected between first-cousins and between half-siblings, 
respectively.

Individuals presented similar genetic structure when the 
geographical distance between them was up to 56 m for 
FAPB and up to 156 m for FAPBA. This suggests that in 
the anthropized area (FAPBA), where there is lower density 
of individuals, the possibilities of crosses between relatives 
may occur at greater distances. This possibly occurs because 
in the anthropic population, the process of regeneration of 
the vegetation results from a genetic structure formed by 
many half-siblings. According to Loveless and Hamrick 
(1984), in smaller populations, the rate of homozygotes 
tends to increase with self-fertilization as well as the cross-
ing of related individuals that are close, as a function of 
dispersion of pollen and seeds at short distances.

FAPB classes three to six and FAPBA classes four and 
five showed a negative coancestry coefficient, at 5% sig-
nificance (p < 0.01), indicating that spatial genetic differ-
entiation between individuals at greater distances is due 
to the lower similarity between them. According to the 
results, it can be inferred that the greater the geographical 
distance between individuals, the smaller or null the degree 
of kinship. According to Williams et al. (2007) and Wang 
et al. (2013), the spatial genetic structure within popula-
tions results from a variety of reproductive and genetic pro-
cesses, including seed dispersal and spatial distribution of 
the adults; ecological and landscape-related aspects of the 
species also need to be considered.

Based on the analyses of diversity and genetic struc-
ture using ISSR molecular markers, it was concluded 
that populations of G. weberbaueri in environments 
with anthropogenic interference showed loss of genetic 
diversity compared to an environment with no anthropic 
interference. Most of the genetic variation is within the 
populations. The occurrence of spatial genetic structure for 
the two populations was also observed. Individuals from 
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Fig. 4   Dendrogram obtained by UPGMA method based on Nei’s 
genetic identity among the populations of Guadua weberbaueri in 
different height classes (m), respectively: N1 (0–4); N2 (4–8); N3 
(8–12); N4 (12–16); N5 (16–20); N6 (20–24); A1 (0–4); A2 (4–8); 
A3 (8–12); A4 (12–16); A5 (16–20). N refers to the native area and A 
refers to the anthropized area
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the population with anthropogenic interference exhibited 
a genetic structure similar to smaller geographic distances 
than individuals of the native population, indicating a ten-
dency for these individuals to be related. In the litera-
ture, information on the genetic structure and diversity 
of G. weberbaueri is limited, hence these results provide 
important information for the conservation of the species. 
Therefore, it is recommended that germplasm should be 
collected for conservation purposes, avoiding geographi-
cally close individuals, in order to sample the maximum 
genetic variability in the species.
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