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Tropical Spiders have been poorly studied, and studies regarding the distribution of genetic diversity in natural
populations of these species are even more scarce. Among the spider genera, the South American genus
Aglaoctenus includes species that build tube-shaped webs and display sub-social behavior that includes parental
care. Herein we studied the population genetics of Aglaoctenus lagotis in five primary fragments of the Brazilian
Atlantic Forest (with varying distances between 2 and 47 km) considered a conservation hotspot. In this study,
we used two molecular markers: microsatellites and the COl mitochondrial gene. The data obtained indicated the
presence of two genetic lineages (A and B), as evidenced by both markers, suggesting the presence of cryptic
diversity. Lineages subpopulations are not completely isolated and have moderate structure (Fst A=0.118; Fst B=
0.142). Dispersal by air (or ballooning) must occur and possibly allows the maintenance of gene flow between
sample sites. The hypotheses that lineages found here represent distinct species cannot be confirmed until further
studies have been carried out. However, regardless of its taxonomic classification, the genetic lineages, found

here, should be considered as individual units in future evolutionary studies of this species.

1. INTRODUCTION

Spiders (Arachnida: Araneae) make up a very
significant portion of all terrestrial arthropods and are widely
distributed throughout the world, except in Antarctica [1]. Brazil
is one of the areas of the world with the highest diversity of
spiders, and out of the 112 families of spiders in the world [2],
72 have records for this country [3,4]. Despite this, spiders are
poorly studied and only about 30% of the Brazilian species are
esimated to have been described [5]. Lycosidae is one of the
most abundant and diverse arachnid families with 2.393 known
species [1], made up mostly of wandering active or ambush
foragers [6,7,8]. Commonly, the females of this family exhibit
parental care that includes producing and transporting the
ootheca [9,10]. The spiders of the South American genus
Aglaoctenus are an exception in Lycosidae since they use their
silk to build webs and remain in the webs for an extended length
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of time [11]. Holmberg 1876 builds a flat sheet from which a
funnel shaped tube leads to its refuge [12]. In this species, maternal
care, that includes feeding of juveniles with predigested prey,
extends until five days after hatching [10, 7]. When the juveniles
leave the maternal web they settle next to it, which could explain
the aggregated configuration of individuals in populations of the
genus Aglaoctenus [3]. Occurring from Southeastern Brazil to
northern Argentina [3], Aglaoctenus is present in several distinct
ecosystems such as savannas and forests [10].

One of its habitats, the Brazilian Atlantic Forest (BAF), is
a highly fragmented and threatened domain [13], considered to be a
conservation hotspot [14]. Human-caused forest loss and
fragmentation have been changing landscape configuration of
BAF, with important consequences on the community structure and
population dynamics [15,16,17,18,19] including significant effects
for the spider taxa [20] Despite being an abundant and singular
species, Aglacotenus lagotis has been poorly studied [21],
furthermore is still lacking information that could reveal more
about population dynamics in this species, including familiar
aggregation and connection between forest patches. Thus, this
study proposes to investigate the genetic distribution of
Aglaoctenus lagotis populations in forest fragments in the BAF of
southeastern Brazil using microsatellite and mtDNA markers.

© 2015 Camila Menezes Trindade Macrini et al. This is an open access article distributed under the terms of the Creative Commons Attribution License -
NonCommercial-ShareAlike Unported License (http://creativecommons.org/licenses/by-nc-sa/3.0/).
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MATERIALS AND METHODS

Study Region and Sample Methods

For the present work, were collected 132 samples
between January and May, typically rainy months (59 to 243.3
mm/month), when there is a considerable abundance of spiders.

Five populations of Aglaoctenus lagotis were studied
from the following forest fragments (Figure 1): 1) Santo Antbnio
das Mangueiras Farm (ANT), located in the Environmental
Protection Area (EPA) of Sousas and Joaquim Egidio, Campinas,
SP, 2) Ribeirdo Cachoeira (RC) located in the Environmental
Protection Area of Sousas and Joaquim Egidio, Campinas, SP; 3)
Abrahdo de Moraes Observatory (VAL), Valinhos, SP; 4 and 5)
Serra do Japi (JAPI 1 and JAPI 2), Jundiai, SP. Geographical
distances in kilometers ranged from 2 to 3 km between sampling
points in the same municipality; approximately between 20 and 26
km between the intermediary collection point (VAL) and the
others, and between 45 and 47 km between the furthest points
(Campinas_ ANT and RC_ sample locations and Jundiai_ JAPI1
and JAPI 2_ sample locations).

,.'".
\ -~
-t 3
i
< ) "‘_J';.(’.*"
= < lj—v—.w
é’rf') o .'
Jaert
APR
— PG
A
it ‘
(1) Campinits AN e,
2 e < - |
(3 hundie & i

Fig. 1: Study area and colecting points. 1) Campinas municipality: ANT (Santo
Antonio das Mangueiras farm); RC (Ribeirdo Cachoeira), 2) Valinhos
municipality: VAL (Abrahdo de Moraes Observatory), 3) Jundiai municipality:
JAPI1 (Serra do Japi 1); JAPI2 (Serra do Japi 2).

We selected two pair of locations whose distances
between then were less than 10 kilometers (ANT and RC; JAPI 1
and JAPI 2). While the second pair is located in the same patch or
forest continuum, there are a matrix of roads and farms connecting
the first pair. Different matrix among sample sites could reveal
distinct gene flow pattern. Small fragments of forest is represented
by sample points ANT, RC and VAL. While JAPI samples were
collected within a well conserved and large forest patch.

Table 1 shows the location and approximate size of each
collection point, and the number of individuals (N) in each area
analyzed. All individuals were manually collected and taken alive
to the laboratory. After identification, DNA was immediately
extracted and stored in liquid nitrogen until further use.

Table 1: Description of the collection points. The size of the fragments studied
is in hectares; coordinates of each fragment are obtained based on the global
positioning system (GPS); N, number of individuals used in the analysis.

Subpopulacion Size (ha) Coordinates N
ANT 50 22048'56""S, 46056'31"W 27

RC 245 22049'56""S, 46055'40"W 22

VAL 100 23000'35"S, 46057'43"W 29
JAPI1 20.000 23014'13"S, 46056'18"W 34
JAPI2 20.000 23013'37"S, 46058'06"W 20

Molecular Protocols

Tissue from cephalothorax and/or legs was used for DNA
extraction using Kit Wizard Genomic DNA Purification
(Promega) following the suggestion of the manufacturer. To
characterize the genetic variability of Aglacotenus lagotis, a
genetic library for the selection of fragments containing
microsatellite  markers  (SSR) was  constructed.  The
characterization of the eight microsatellites obtained for
Aglaoctenus lagotis has been previously described elsewhere [22],
and this set of primers were used in the present work to obtain
data. The PCR products were subjected to electrophoresis in 7%
23 polyacrylamide gels and the DNA bands were visualized by
silver staining [23]. Genotypes were determined in relation to a
10bp DNA size standard 25 (Invitrogen).

Seven to ten individuals of each sample location were
used for sequencing the COI gene. PCR amplification of the COI
gene was performed in a final volume of 50 puL and the reagents
were added at the following concentrations: 15ng of DNA, 3.0
mM of magnesium, 0.2 mM of ANTP, 0.4 uM of each primer and
1 U of Tag DNA polimerase. The primers used were: 1) C1-J-
1751: 5’- GAGCTCCTGATATAGCTTTTCC- 3’ [24]; e 2)fis C1-
N-2776: 5’- GGATAATCAGAATATCGTCGAGG-3’ [25]. The
PCR protocol used was: 1) initial denaturation at 95°C for 3
minutes, 2) 35 cycles at 94°C for 1 minute, 48°C for 1 minute,
72°C for 2 minutes; 3) and a final extension step at 720C for five
minutes. PCR reactions were checked by gel electrophoresis on
1% (w/v) agarose gel run in 1X TBE buffer containing ethidium
bromide at 100 V for 40 minutes.

The sequencing reaction was performed in both
directions using primers C1-J-1751 and C1-N - 2776 from
previously purified DNA using PEG precipitation. The BigDye
Terminator Cycle Sequencing kit version 3.1 (Applied
Biosystems) was used according to manufacturer’s instructions
and sequencing was carried out on the ABI PRISM 3100 Genetic
Analyzer (Applied Biosystems). Quality of sequences was verified
using the program Chromas lite (http://www.technelysium.com.au/
chromas_lite.html).

Population Analyses

The number of alleles per locus (A) and heterozygosities
expected and observed (Ho and Hg) were analyzed using the
program Genetix 4.05.2 [26]. The Hardy-Weinberg equilibrium
and linkage disequilibrium were assessed (using Fisher's exact
probability test) using the program GENEPOP version 3.4 [27].
Data from both tests were subjected to sequential Bonferroni
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correction [28]. Null allele frequency was estimated with Cervus
version 3.0 [29]. The Fsy values were analyzed using the Weir and
Cockerham estimator [30] with the program fstat [31]. To analyze
the effect of geographical distances between sample locations, a
matrix containing estimates of pair wise Fst was compared to a
matrix containing the pair wise distances using the Mantel test [32,
33] conducted using the program GENEPOP version 3.4. [27]. Fst
Null allele correction was perfumed using Free Na [34]. The
Program STRUCTURE [35] was used to define the most likely
number of populations (K) in the samples through Bayesian
methods. Ten files containing parameter values K=1 to K=10 were
tested with ten runs for each K value, assuming a mixture model
(assuming that samples of a population are not isolated from one
another), correlated allele frequencies, 10.000 burnins and 100.000
Markov chain Monte-Carlo (MCMC) simulations. The selection of
the most appropriate K number was made using K values,
according to the method proposed by Evanno et al. [36].

Phylogenetic analysis

The alignment of the COI mitochondrial gene sequences
was performed using CLUSTAL W algorithm [37] in the software
MEGA [38]. The haplotype network was constructed using TCS
version 1.21 [39]. The genealogical relationships between
individuals were reconstructed using phylogenetic methods since
there were very divergent groups of individuals in the samples.
The most appropriate substitution model for the sequences was
Hasegawa, Kishino, and Yano [40] using the Akaike Information
Criterion (AIC) inferred in Model Test program [41]. Phylogenetic
reconstruction was performed using both maximum likelihood
(ML). ML analysis was carried out using the program GARLI [42]
with 1x10° generations of the algorithm, 1000 iterations, and 100
bootstrap repetitions, to determine the reliability for each internal
node.

RESULTS

Population Analysis

The genotyping of all individuals collected using eight
microsatellite loci revealed the presence of 71 alleles. Eighteen of
which (25.35%) were at frequencies below 5% and were therefore
considered rare. Thirty-nine private alleles (54.9%) were found,
that is, they were observed exclusively in one of the five sample
locations. The mean observed (Ho) and expected (Hg
heterozygozities and the mean inbreeding coefficients (Fs) are
shown in Table 2. This results occurred probably due to the
presence of null alleles (Table 3) which lead to departure of
Hardy-Weinberg equilibrium in most populations (Table 4). Due
to this fact, Fis values will not be discussed.

The global Fst value considered in the present work is
0.337 (0.225-0.438) which was corrected to null alleles presence.
Although, this value is not statistically different from original Fsr
value 0.342 (0.240-0.430). The Fst pair wise values (Table 5)
ranged from 0.106 to 0.507. The STRUCTURE analysis indicated
the presence of two populations (A and B) in the sample locations
sampled (AK = 2, Figure 2). The sample location JAPI 1 and most

individuals of JAPI 2 and RC were assigned to population A (light
gray), while the sample locations of ANT and VAL belong to
population B (dark gray).

Table 2: Estimates of genetic diversity. Ho, observed heterozygosity, He
expected heterozygosity, Fs, inbreeding coefficient. Values between brackets
in the Ho and He columns correspond to the standard deviation and, in the Fs
column, to the confidence interval of 95%, determined by bootstrapping.

Sample Site Ho He Fis
RC 0.242 (0.170) 0.638 (0.220) 0.628 (0.479- 0.697)
ANT 0.296 (0.212) 0.549 (0.234) 0.470 (0.410- 0.636)
VAL 0.223 (0.213) 0.391 (0.283) 0.439 (0.215- 0.439)
JAPI1 0.328 (0.269)  0.505(0.325)  0.354 (0.242-0.477)
JAPI2 0.250 (0.138) 0.554 (0.217) 0.563 (0.408- 0.576)

Table 3: Null Allele's frequency in each sample site per locus. (*) significant
values.

Locus RC ANT VAL JAPI1 Japi2
Alal 0.026 0.226* 0.240* 0.000 0.001
Ala2 0.206* 0.167* 0.133* 0.061* 0.236*
Ala3 0.250* 0.318* 0.322* 0.161* 0.084*
Alad 0.019 0.310* 0.000 0.000 0.000
Alab 0.167* 0.000 0.000 0.000 0.001
Alaé 0.151* 0.221* 0.170* 0.110* 0.130*
Ala7 0.001 0.227* 0.338* 0.338* 0.232*
Alad 0.001 0.000 0.183 0.155* 0.205*

Table 4: Fisher's Exact test results reference to Hardy-Weiberg equilibrium
adherence per locos in the five sample sites. (*) significant values which
indicates departure from Hardy-Weiberg equilibrium.

Locus RC ANT VAL JAPI1 Japi2
Alal 0.224 0.004* 0.000* 1.000 1.000
Ala2 0.000* 0.032 0.032 0.163 0.077
Ala3 0.000* 0.000* 0.000* 0.000* 0.034
Alad 0.229 0.003* 1.000 1.000 0.458
Ala5 0.000* 1.000 1.000 1.000 1.000
Ala6 0.001* 0.001* 0.030 0.115 0.089
Ala7 1,000 0.001* 0.000* 0.000* 0.000*
Ala8 1,000 1.000 0.006* 0.004* 0.001*

Table 5: Fsr pairwise values of the studied populations using microsatellite
data. The confidence interval, in brackets, of 95% was determined by
bootstrapping.

JAPI2 RC ANT VAL
0.081
RC (0.032-0.142)

0.287 0.204

ANT (0172-0.414)  (0.091-0.325)

VAL 0.406 0.304 0.142

(0.262:0563)  (0.168-0.445)  (0.040-0.223)
AL 0.106 0.175 0.429 0.507

(0.047-0.189) (0.065-0.327)  (0.246-0599)  (0.370-0.613)
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Fig. 2: Assignment Test for populations of Aglaoctenus lagotis (AK = 2). The
individuals are represented by colored vertical bars. The same color in different
individuals indicates that they belong to the same population. Different colors
in the same individual indicate the percentage of a shared genome between
each population. The ordinate axis shows the coefficient of participation of the
individual in each population. The numbers on the x-axis indicate geographical
regions where individuals were collected: 1) JAP11, 2) JAP12, 3) RC, 4) ANT,
5) VAL. Population A is represented in light gray and population B in dark

gray.
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Phylogenetic Analysis

The haplotype network and the phylogenetic
reconstruction based on COI sequences are shown in Figures 3 and
4. In both analysis, sequences obtained were separated into two
significant major clades, each with three haplotypes (Figures 3 and
4).
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Fig. 3: Haplotypes network of mitochondrial COl gene of A.lagotis. Every
large circle is an observed haplotype. Each line represents one mutational step
and black dots represent the inferred non-sampled haplotypes. The colors
represent the subpopulation in which each haplotype was found.
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Fig. 4: Phylogenetic inference obtained by maximum likelihood (ML).
Each branch corresponds to one of the six haplotypes found and are separated
in two major clades (A and B). Individuals of each sample sites are indicated.
Support for branches is indicated by bootstrap. Scale bar units are substitutions
per site.

Population Analysis within evolutionary lineages

The F statistics were recalculated considering the
separation of individuals, regardless of the collection site, into two
evolutionary lineages (A and B), the divergence of which can be
detected in the data obtained with both nuclear and mitochondrial
markers. Of the 71 microsatellite alleles found, 32 (45.07%) were
private to lineage A and 26 (36.62%) to lineage B, giving a total of
58 (81.69%) private alleles. The Fst value found for lineage A is
0.118 (0.027-0.193) and for lineage B, 0.142 (0.042-0.223) . The
Fst value between lineages A and B is 0.388 (0.235-0.516).

DISCUSSION

Cryptic diversity

Two lines of evidence suggest the presence of cryptic
diversity in the sampled locations of A. lagotis. First, the
STRUCTURE analysis indicated the existence of two populations
with minimum gene flow between them (K = 2, Figure 2). In
addition, analysis of the COI gene sequences indicated the
presence of two evolutionary lineages (A and B), differing on
average by 3.7%. Those lineages grouped the individuals
identically to the STRUCTURE analysis, regardless of where they
were collected (Figure 3 and 4).

The subsequent analysis of the nuclear data show that
within the evolutionary lineages the genetic structure is
significantly lower than between lineages. Moreover, the
percentage of divergence found between lineages in the COIl gene
is compatible with that found in distinct species.

The COI gene has been extensively studied in animals,
particularly in relation to inter and intra-specific diversity.
Between pairs of species of the same genus, Hebert and colleagues
(43) showed that in 98% of them, the divergence in the COI gene
is greater than 2%. In a spider study, that includes 361 species of
19 genera, was found an average intra-specific divergence of
2.15% in the COI gene sequence, while the average inter-specific
divergence was set at 6.77% [44]. In the family Lycosidae, the
average divergence between species of the same genus was 2.84%
[44]. Thus, the divergence found between A. lagotis lineages
(3,7%) is compatible with those between Lycosidae congeneric
species.

Furthermore, several individuals from different lineages
are sympatric, strongly suggesting gene flow interruption between
lineages which could be refereed as a complete speciation process.
The cryptic genetic diversity observed in Aglaoctenus lagotis does
not match the morphological and behavioral evidence as yet
described for the species [14]. Therefore, additional studies on life
history, morphology, behavior, and spatial distribution are needed
to decide whether the evolutionary lineages obtained in this study
are indeed distinct species.

Genetic Diversity and Geographic distribution

We have found moderated structure levels among sample
locations within lineages (Fst A=0.118; Fsr B= 0.142), which
indicates that these sites are not completely isolated from each
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other. Studies with spiders have reported gene exchange between
populations in fragmented landscapes at distances within 25
kilometers [45,46], due to air dispersal or ballooning. Thus, aerial
dispersion could be possibly preventing a complete isolation
among sample locations. In addition, in the present study area,
there were a number of other small fragments that could serve as
steppingstones  between the collection points, increasing
connectivity and gene flow. Although we should consider
ballooning presence, aerial dispersal alone cannot explain
geographic diversity distribution in A. lagotis. In fact, our data,
both nuclear and mitochondrial, does not follow a recognizable
geographic pattern. For instance, we did not find a positive
correlation between geographic distance and genetic structure in
Mantel test (data no show). Possibly, the presence of two
sympatric evolutionary lineages enhance complexity in diversity
distribution scenario that could only be reveled in future studies.
The present study was carried out in a small geographic scale, thus
the possible existence of further genetic lineages of A. lagotis
might not be dismissed. Diversity distribution of A. lagotis
lineages in the studied fragments might be explained by
evolutionary, metapopulational and ecological factors yet to be
established.

CONCLUSION

We have found two different genetic lineages of A.
lagotis in the sample sites studied herein. This crypitic diversity
indicate that genetic diversity distribution of this species could be
even more complex in a larger scale. The hypotheses that lineages
found represent distinct species cannot be confirmed until further
studies have been carried out. However, regardless of its
taxonomic classification, the genetic lineages should be considered
as individual units in future evolutionary studies of this species.
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