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Introduction

Abstract

Rapid loss of genetic diversity among eusocial bees, and extinction of their local
population has become a major world concern. Populations of M. quadrifasciata
have increasingly declined due to predatory extractivism and destruction of their
habitat. Knowledge of their local population could give insights on the strategies
for monitoring and conservation of this species. In this study, initially, 14 colonies
from the northern limit of the northeastern sandbank of the Atlantic Forest were
analysed employing geometric morphometrics techniques. Then the cytochrome
b gene sequences and ISSR primers were utilized for molecular analysis of these
colonies and the results were compared with 15 M. quadrifasciata colonies
found in the semiarid Caatinga region. The morphometrics and the molecular
analysis suggested the formation of disjunct populations between the studied
geographical zones. All the 14 colonies analysed from the Sdo Francisco river
region were found on the Southern margin of the Sdo Francisco river and they all
belonged to one single haplotype. No colonies were found on the Northern bank
of the river. We suggest that the S3o Francisco river is an effective geographical
barrier for the distribution of this species and propose an urgent need for the
development of a conservation program for the population of M. quadrifasciata
as it represents a unique haplotype in the region. Also their nesting habit
exclusively in the diseased coconut trees which probably will be replaced by new
trees, create the risk of population extinction due to the lack of nesting site.

registered in colder biomes located in Rio Grande do Sul
and Southeast Brazil, with patterns of yellow continuous

The stingless bees have an important ecological role,
especially in the pollination of a large fraction of plants
forming Brazilian forests. The stingless bee M. quadrifasciata
is considered a generalist species, acting as a pollinator of
several plant species and playing an important ecological role
in the ecosystem (Ramalho et al., 2004; Antonini et al., 2006).

In Melipona genus, the bee M. quadrifasciata is one of
the best known species found in Brazil and is divided into two
subspecies M. quadrifasciata quadrifasciata (Lepeletier) and
M. quadrifasciata anthidioides (Lepeletier) (Waldschmidt
et al., 2002). M. quadrifasciata quadrifasciata was initially

tergal bands, and M. quadrifasciata anthidioides is found
in Northeastern S3o Paulo along the East coast of Brazil
until the state of Paraiba with patterns of interrupted tergal
bands. There is a zone of hybridization of this species in
the Southeastern Brazil between the states of Sdo Paulo and
Minas Gerais (Silveira et al., 2002; Camargo & Pedro, 2007,
Tavares et al., 2013).

Waldschmidtet al. (2000) reported that individuals
with a pattern similar to the continuous tergal bands of M.
quadrifasciata quadrifasciata can be found in warm climates.
This fact was confirmed by Batalha-Filho etal. (2009) who found
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specimens with standard tergal bands of M. quadrifasciata
quadrifasciata in the semiarid region in the states of Bahia and
Sergipe, in the Northeast of Brazil. These authors concluded
that existence of more than two groups should be considered
within this subspecies according to their phylogeographical
pattern, and suggest that the level of genetic variation is too
low for their division into different subspecies.

According to Kerr et al. (1996), the changes caused
by anthropogenic disturbances have promoted changes in
habitats, compromising the diversity of stingless bees due to
the reduction in nesting sites and the availability of trophic
resources, unfavourable for the maintenance of the natural
colonies. The reduction of these resources promotes both
the local disappearance of certain species, as well as forces
nesting in unusual sites (Souza et al.,2009).

The first scientific record of a population of M. quadri-
fasciata, using hollow coconut trunk (Cocus nucifera L.) as
nesting site, at the mouth of the river Sao Francisco in the state
of Sergipe was made in by Souza et al. (2006). These authors
also called attention to the conflict between shortage of nesting
sites in the region, habitat fragmentation and the dependence of
this species on nesting sites located in trunks of the economically
doomed coconut trees attacked by the weevils.

In the beginning of the colonization of Brazil by the
Portuguese, in the sixteenth century, the Atlantic Forest covered
practically the entire Brazilian coast. In the same century, in the
year of 1587, the first records of the introduction of coconut
(Cocus nucifera L.) were described in Brazil. Since then,
coconut cultivation has proliferated due to its high suitability
to the climate conditions and sandy soils of the Brazilian coast
in Atlantic Rainforest Biome (Siqueira et al., 2002). In the late
twentieth century, the coconut crop was spread over an area
of 247,000 ha with a production of about 1.1 billion fruits,
with over 70% of production concentrated in the Northeastern
Brazil (Cuenca & Nazario, 2004).

The incidence of pests in coconut trees is an important
limiting factor accounting significantly for the economic
losses of the plantations and reduced productivity. Beetles of
the species Rhinostomus barbirostrise (Fabricius, 1775) are
among the principal coconut palm borers. Cutting and burning
of the heavily infested coconut trees is usually recommend by
the area supervisors in order to reduce the spread of the beetle
(Aratjo et al., 2015).

Ribeiro et al. (2009) in a study on the Brazilian
Atlantic forest revealed a serious situation with respect to the
forest fragmentation, with more than 80% of the fragments
<50 ha and almost half the remaining forest <100 m from
its edges. They also reported the presence of large average
distance (1440 m) between the fragments, the fact that the Sao
Francisco river region has only 4.7% of forest cover and that
the main land use in this area is associated with plantations of
coconut. Extensive forest fragmentation results in the isolation
of bee population, compromising the genetic diversity of
bees and reduced availability of the trophic resources. This

can lead to the loss of natural colonies, and local species
extinction (Carvalho et al., 1995). The decrease of forest
areas, forming fragments, reduces the size of the populations
that live and depend on this habitat. These processes directly
affect eusocial bees that use tree hollows for nesting, isolating
small populations and leading them to inbreeding, genetic
drift and local extinction (Beaumont & Bruford, 1999; Aratjo
et al., 2004).

In the case of the stingless bees, genetic drift is an
extremely important factor in the isolation of small local
populations. Aratjo etal. (2000) suggested that the populations
of Melipona are particularly sensitive to the effect of genetic
drift due to homozygosity in the Xo sex determination locus.
Carvalho et al. (1995) documented the loss of alleles and the
extinction of local populations due to low population number
and Kerr and Vencovsky (1982) described that a Meliponini
population should contain a minimum of 44 colonies to lower
the risks of rapid extinction.

In addition to the morphological analysis, the use of
molecular markers and geometric morphometrics can be used to
clarify questions regarding hybridization, dispersal and geographic
distribution, genetic identity and risks of extinction (Moritz &
Hills, 1996; Chakraborty & Kimmel, 1999; Waldschmidt et al.,
2002; Aragjo et al., 2004; Nascimento et al., 2010).

This study aimed to evaluate the genetic diversity and
the risk of local extinction of a population of M. quadrifasciata
that uses coconut trunks predominantly as nesting site in an area
used for coconut plantation at the mouth of the Sao Francisco
river in the Northeastern Brazil. For this, first geometric
morphometric analysis was carried out to identify the river
specie found at the mouth of the Sdo Francisco and then
molecular analyses were carried out to compare this population
with another natural population of M. quadrifasciata with the
same pattern of continuous tergal bands found in the Caatinga
biome which is the closest biome where this species occurs
naturally.

Material and Methods
Samples

Coconut plantation from an area South of the mouth
of the Sdo Francisco river (Brejo Grande, state of Sergipe),
from the North of the mouth of the river Sao Francisco river
(Piagabugu, state of Alagoas), and from an island (Criminosa
island) formed by the Sao Francisco river between the states of
Alagoas and Sergipe were visually examined for the presence
of bee nests. These three areas of coconut plantations totalled
an area of approximately 37 ha (Table 1).

The island had a distinct physiognomy than the other
two areas of sandbank. The sandbanks were primarily composed
of wetlands characterized as floodplain and used for coconut
cultivation in elevated regions, and covered by Aningas
(Montrichardia arborescens L.) in the lower regions. The
search for nests was conducted randomly, traversing the
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Table 1 — Geographical location of sample areas in the region of
the mouth of Sdo Francisco river.

Number Area
Local Latitude (S) Longitude (W) of plants
(ha)
observed
Brejo Grande-SE  10° 28'47”  36°26'21” 200 13.5
Criminosa Island 10 °28'47 “ 36224'68" 270 9
Piagabugu- AL 10°26'96” 36924'81” 280 14.5

coconut trees and other potential nesting sites along the path,
using the same sampling profile (three persons in each area).
All the tree trunks were numbered and, when a colony was
identified, it was marked and registered, specimens were
collected with the help of an entomologist and characteristics
of their activity, morphology and height of the nests were
recorded. 10 workers per nest were captured. The captured
bees were placed in numbered containers, containing 70%
alcohol for preservation of the material.

For molecular analysis, apart from 140 workers from
Brejo Grande (S 10° 28°47” and W 36°26°217), 150 workers
from the municipality of Nossa Senhora da Gloria, Sergipe
(semiarid Caatinga region S 10°13°06” and W 37°25”13”) were
also used. The standard specimens M. q. anthidioides, M. q.
quadrifasciata and M. mandacaia utilized were provided by the
Federal University of Reconcavo of Bahia, Cruz das Almas, BA.

Geometric Morphometrics

The left forewing of all the workers from river Sao
Franciscoregion were mounted on the slides and placed under
disecting microscope. Photomicrographs of the forewings
were organized in Tps Util software and 13 anatomical landmarks
were marked using the TpsDig2 software version 2.10 (Rohlf,
2000), as illustrated in Figure 1.

The anatomical landmarks were then transformed into
arrays of coordinates. These coordinates were adjusted using
orthogonal superimpositions of least squares criterion using
Morphol software (Klingenberg, 2010).

After adjusting the size, position and orientation, and
generation of an array of covariance, Principal Component
Analysis (PCA) was performed. Besides the formation of the
groups, the degree of population diversity was observed by
the analysis of canonical variables. To identify the difference
between the groups for the size and shape of individuals,
analysis of variance (ANOVA) of Procrustes was performed.

6

Fig 1. Left forewing showing the anatomical landmarks used in mor-
phometric analysis.

An analysis of cross-validation between the scores of
principal components and canonical variables was performed
with R statistical software which verified the correlation of
the individuals with their respective nests.

The distance matrix of Procrustes were used for the cluster
analysis by UPGMA method that resulted in arrangement of
wing distances between the colonies. Values of the coefficient
of cophenetic correlation equal to or greater than 0.7, using the
NTSY Spc software (Rohlf, 2000) were considered for analysis.

Molecular Analysis

Extraction of DNA was performed as described by
Waldschmidt et al. (1997). Adult workers preserved in 70%
ethanol and stored at -20 °C were used. DNA was precipitated
with ethanol and resuspended in 25 WITE and stored at -20
°C. Quality of the DNA extraction was checked by agarose
gel electrophoresis and DNA was quantified using Qubit®.
2.0 Fluorometer (Invitrogen).

ISSR markers and cytochrome b gene sequences
(cyt bsequences) were used to study the genetic variability.
The DNA extracted was amplified using the following
ISSR  primers: (CA)RY, (GA)RY, CAG (TG)RG,
(GATA)(CAGA),, UBC 807, UBC 808, UBC 811, UBC
834: R UBC 836, UBC 848, UBC 856 and UBC 857
(Zietkiewicz et al., 1994; Diniz et al., 2004, 2005; Chen et
al., 2005; Nascimento et al., 2010). For amplification and
sequencing of the cyt b region, universal primers, 5’-Cyt b
TATGTACTACC-ATGAGGACAAATATC-3 ‘(forward) and
5’-ATTACACCTCCTAATTTATTAGGAAT - 3’ (reverse)
(Crozier et al., 1991), were utilized.

PCR was in a final volume of 20 pl using 10 pl ofTaq
Master Mix RED (Amplicon®), 2 ul of 10 uM each primer,
and 1 pl of extracted DNA with an approximate concentration
of 35 ng/ul using the following conditions: hold at 94 ° C for
5 min and 40 cycles of 94 °C for 30 sec, varied annealing
temperature according to the melting temperature of each
primer as described in Table 2, extension at 74 °C for 45 sec
and a final extention at 74 °C for 10 min. Electrophoresis was
performed using 0.8% agarose gel, stained with SYBR Green
(SYBR Green I, Biotecnologia LCG) and visualized under
UV.(OBS: these amplification conditions were used both
ISSR and paracytb?)

PCR amplified cyt b fragments were purified using
Nucleo Spin®Gel and PCR Clean-up kit (Macherey-Nagel,
Germany), quantified and sequenced. For sequencing, the Big
Dye Terminator v.3.1 Cycle @ Sequency kit was used in the
ABI 3500 sequencer (Applied Biosystems).

Analysis of the results obtained by ISSR primers
were carried out using multivariate statistics. The PAST 3.4
software (Hammer et al., 2001) was used to evaluate the
genetic diversity index measured by the Jaccard. Values
obtained from the measurement of genetic distance were
used for UPGMA cluster analysis (unweighted pair-group
Method with Arithmetic Mean) and AMOVA (Analysis of
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Table 2- Primers utilized in this study for the analysis of genetic variability.

Designation Sequences of primers (5”-3") Tm reference

(CA)8RY CACACACACACACACARY 56°C Zietikiewicz et al, 1994
(GA)8RY GAGAGAGAGAGAGAGARY 56°C Zietikiewicz et al, 1994
(CA)8G CACACACACACACACAG 56°C Chen et al, 2005
(TG)7RC TGTGTGTGTGTGTGRC 562C Zietikiewicz et al, 1994
(GATA)2(GACA)2 GATAGATAGACAGACA 56°C Diniz et al, 2004, 2005
UBC 807 AGAGAGAGAGAGAGAGT 54 eC Wang 2011

UBC 808 AGAGAGAGAGAGAGAGC 54 eC Wang 2011

UBC 811 GAGAGAGGAGAGAGAC 56 °C Nascimento et al, 2010
UBC 834 AGAGAGAGAGAGAGAGYT 48 °C Nascimento et al, 2010
UBC 836 AGAGAGAGAGAGAGAGAGYA 54 ¢C Nascimento et al, 2010
UBC 848 CACACACACACACACARG 56 2C Nascimento et al, 2010
UBC 856 ACACACACACACACACYA 48 °C Nascimento et al, 2010
UBC 857 ACACACACACACACACYG 50¢eC Nascimento et al, 2010
Cytb F: TATGTACTACCATGAGGACAAATATC 54°C Crozier et al, 1991

R: ATTACACCTCCTAATTTATTAGGAAT’

Molecular Variance). Using Alerquim version 3.5, Fst index
was calculated and the values obtained were used to estimate
the genetic distance between the populations (Excoffier et al.,
2005). In addition, the software Structure v.0.6.9 (Evanno
et al., 2005) was used to estimate the genetic structure of
populations collected from the river Sdo Francisco and the
Caatinga region.

Staden Package Version 2.0 (Staden et al., 2001)
was used to verify the quality of the Cyt b gene sequences.
Only sequences with Phred values above 30 were considered
for subsequent analysis. The cyt b sequences were aligned
using the ClustalW algorithm embedded in the software
MEGA (Molecular Evolutionary Genetics Analysis) version
6.0.(Tamura et al., 2013).

DnaSP 5.0 (Librado & Rozas, 2009) was used to identify
haplotypes and to estimate haplotype (h) diversity among and
within the populations. In order to observe the relationship
among the haplotypes, analysis using the Median-Joining Network
(Network 4.612) was also carried out (Bandelt et al., 1999).

Results and discussion

After screening approximately 37 ha, constituting three
sampling areas fromthe mouth of the river Sao Francisco, all
the trees found with possible nesting sites for the bees of the
genus Melipona were of coconut. A total of 750 trees were
numbered and analyzed, all featuring hollow generated by the
pests, and in majority consisting of old coconut trees with low
productivity. The sampling from the South of the river Sado
Francisco (municipality of Brejo Grande) resulted in 14 nests
of stingless bees from 200 trees analysed. This is the same
region where Souza et al. (2006) described the first scientific
records of the occurrence of the nests of M. quadrifasciata

in the coconut palms. We verified that about 7% of potential
nesting sites in this area were occupied. All colonies found
were quite active, with large flow of workers foraging at the
entrance of the nest, with some nests having more than one
entry, and in these cases only one nest per tree was considered.
Considering the high level of activity of thecolonies and the
existence of this population for several years, hardiness and
resistance of thesebees to isolation and in breeding must be
considered, a situation contrary to the literature on the Melipona
bees, but in agreement with the information published by Alves
et al. (2011) who had described the successful maintenance
of Melipona scutellaris colonies for a decade despite severe
genetic bottleneck. In the other two sampling sites, located in
the Ilha da Criminosa and north of the river Sao Francisco,
despite a greater sampling effort and screening of about 23.5
hectares, totaling 550 trees with potential nesting sites, no M.
quadrifasciata nests were found (Fig 2).

The group of bees found at the mouth of the river Sao
Francisco showed tergal band pattern similar to that found in
subspecies M. quadrifasciata quadrifasciata. An analysis of
identity for this group of bees was performed using geometric
morphometrics and compared with the standard specimens
of M. quadrifasciata quadrifasciata and M. quadrifasciata
anthidioides. Also was utilized standared specimen of M.
mandacaia (Smith 1863) which is the sister species of M.
quadrifasciata (Ramirez et al., 2010) as negative control. The
result of canonical variate analysis (CVA) clearly defined
the group in which the population under study belongs. In
Figure 3 one can easily see the separation between the three
reference groups, with the group of bees collected from the
river Sdo Francisco region overlapping with the subspecies
M. quadrifasciata quadrifasciata, result in agreement with
the yellow continuous tergal bands observed in them.
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Fig 2. Sampling area and nesting sites of M. quadrifasciata in coconut groves of the river Sao Francisco region. A- M. quadrifasciata; B-detail
of tergal bands of the collected workers; C- sampling sites: site 1 where 14 colonies of M. quadrifasciata were found, site 2: Criminosa island

and site 3: left margin, state of Alagoas.

Analyses of genetic diversity

A total of 195 ISSR loci with good reproducibility
were found in the two populations of M. quadrifasciata,
collected from the river Sdo Francisco region, and from
Sergipe semiarid region. The two populations showed 143
and 119 polymorphic loci respectively and their values of the
polymorphisms were 73% and 61% respectively.

Our results using ISSR demonstrated that the population
of M. quadrifasciata from the mouth of the river Sdo Francisco is
significantly different from the population of M. quadrifasciata
from Sergipe semiarid region. The UPGMA analysis showed
a high cophenetic correlation coefficient (r=0.97), and together
with the FST index (0.52) they confirm the genetic divergence
between the two populations compared (Fig 4). Also the
Bayesian algorithm implemented in STRUCTURE software
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Fig 3. Analysis of the Canonical Variables showing comparison of 140 samples form 14 colonies found at the mouth of the river Sdo Francisco
with the standard specimens Melipona quadrifasciata quadrifasciata, Melipona quadrifasciata anthidioides and Melipona mandacaia. Overlap-
ping of the samples with the standard specimen M.quadrifasciata quadrifasciata can be seen. CV1: canonical variable 1; CV2: canonical variable 2.
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Fig 4. Dendrogram UPGMA based on ISSR markers. Cophenetic correlation index: 0.97. A: population of M. quadrifasciata from the
semiarid Region (Caatinga). B: population of M. quadrifasciata found in coconut palms of the mouth of river Sdo Francisco, coastal area

of Brejo Grande, Sergipe.

using the delta K test (Evanno et al. 2005) showed a clear
formation of two distinct clusters (Fig 5).

Analysis of molecular variance (AMOVA) provided
additional support to the evidence of population differentiation
between the two populations under study, with 52% and 48%
of the total genetic variability distributed among and within
the populations, respectively.

The comparison between cyt b sequences of M.
quadrifasciata from Caatinga and Brejo Grande (South of
the mouth of the river S3o Francisco) showed the presence
of a higher genetic variability in the population of Caatinga
with three distinct haplotypes, one being more frequent than
the others, while in the population of Brejo Grande from the
North of the river Sdo Francisco region, only one haplotype
circulating in the population was found, which is different from
haplotypes circulating in the population of the Caatinga (Fig 6).

The subject of this study was a population of stingless
bees found in 2006 nesting exclusively in coconut trees
in a region extreme Northeast of its distribution. Despite
morphological identification, no record of the presence of this
species exists in the scientific literature. In this manuscript
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we carried out morphometric and molecular analyses of
this population of stingless bees found at the mouth of the
river Sdo Francisco and confirmed that it belonged to M.
quadrifasciata quadrifasciata. Also, all nests found at the
mouth of the river San Francisco were found in the state of
Sergipe, and even with greater collection effort, no nests were
found North of the river. Acknowledging the fact that the
confirmation of the absence of a species is more difficult than
the proof of its presence, and that the absence of a finding
gets stronger with higher sampling effort, we suggest that this
species does not reach the state of Alagoas via the coastal
region (Atlantic Forest biome) and also that the river Sdo
Francisco represents a geographic barrier strong enough for
limiting the distribution of this species in the coastal region,
south of the river San Francisco. Our main arguments that
support this hypothesis are not based only in the sampling
effort but also in the behaviour of the foundation of the
new colonies and in the foraging behaviour of the stingless
bees. According to Araujo et al. (2004) the flight distance in
stingless bees is associated with the body size, and the size of
the workers of M. quadrifasciata present a maximum flight

17(2)  19(2) 212
20020 220

23(2) 25(2) 272
16620 18 2

29(2)
2491 2812 28

Samples

Fig 5. Population of M. quadrifasciata from the mouth of the river Sao Francisco (light grey) and from the semiarid region (dark grey)
showing the formation of two distinct clusters using Baysian algorithm
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Fig 6. Haplotype network generated by the comparison of DNA sequences from the cytochrome b region. Population of M. quadrifasciata
from semiarid Region (Caatinga) and from the mouth of river Sao Francisco are represented by dark grey and light grey respectively.

distance of 2 km radius from their colony of origin. From the
standpoint of the multiplication of the colonies, restriction
is even greater, since in stingless bees, reproduction and
foundation of a new colony are carried out by a group of bees
(queen and the workers) and generally occurs in a progressive
manner, with long period of contact between the mother and
the daughter colonies. This feature limits the formation of
new colonies closer to the nesting site of the maternal nest
(Batista et al., 2003). Sao Francisco is the main river in the
Northeastern Brazil and the distance between its margins at the
mouth, is around 2 km (Figure 2). Thus the river can really be
considered as an effective barrier of geographic isolation for
the population of this species. Following the same reasoning,
the greater possibility is that the M. quadrifasciata population
from the mouth of the river San Francisco region is derived
from the populations of Atlantic forest biome. However, the
nearest population with morphology similar to the tergal bands
of the subspecies M. quadrifasciata quadrifasciata recorded
in this region lies in the semiarid Caatinga biome in Sergipe
(Batalha-Filho et al., 2009), and the bees of this species are not
generally found in the coastal region of the Northeastern Brazil.

The genetic diversity found among populations analysed
indicates low or absence of inter-population gene flow and /
or divergent evolutionary pressures, especially considering
that the populations compared belong to different biomes,
although geographically separated by a linear distance of less
than 150 Km. According to Araujo et al. (2000) the fixation of
an allele can occur by genetic drift and depends on its initial
frequency in the population. It is a process that occurs in all
finite populations, and is faster in smaller populations. Thus,
checking the number of haplotypes circulating in a population
is essential for the genetic evaluation of the population.
The sequencing analysis of the mitochondrial cytochrome b
region showed that the two populations have a small genetic
divergence, but may belong to the same subgroup identified
by the continuous tergal bands as found in the subspecies M.
quadrifasciata quadrifasciata. However, it is noteworthy that
the existence of similar tergal band patterns does not determine
that this group belongs to this subspecies, and perhaps the
divergence between the groups in M. quadrifasciata is so small

that it does not even justify its separation into subspecies, as
argued Batalha-Filho et al. (2009).

Our results point to some important scenarios for the
local population from the mouth of the river Sdo Francisco.
First it highlights a great risk of local extinction of this
species. In the genus Melipona, the species are very sensitive
to the reduction in genetic variation which may increase
the probability of the loss of colonies by the loss the of
alleles at the Xo locus consequently producing diploid males
(Carvalho et al., 1995; Aragjo et al., 2000). Linked to the lack
of genetic variability, the risk of extinction is also directly
associated with the isolation of this population in an area where
practically all the nesting sites depend on the existence of
pests that damage the trunks of coconut trees. Improved cultural
practices, economic subsidies or improve technical assistance
to the coconut growers may result in a massive replacement
of diseased coconut trees by new plants, drastically reducing
the potential nesting sites and simultaneously destroying the
nests of M. quadrifasciata housed in these plants.

The cytochrome b sequence analysis also showed
that the haplotype found in the Sdo Francisco region is
unique, and thus the loss of this population could represent
a permanent loss of this genetic lineage that seems to be
quite resistant to inbreeding, since all the nests encountered
showed excellent level of activity despite the lack of genetic
variability. Conservation actions are urgently needed, including
increasing the supply of nesting sites and the development of
beekeeping directed towards the multiplication of the colonies
and maintenance of this haplotype in the region.
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