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The microbiome present in individuals of Talitrus saltator belonging to seven populations distributed
along the Tuscan coast (Italy) was assessed by using Terminal-Restriction Fragment Length Poly-
morphism (T-RFLP) analysis of amplified 16S rRNA genes. Talitrus saltator is one of the key species of the
damp band of European sandy beaches and despite of the large interest on animal-associated bacteria,
only a few and preliminary data were present. Results showed a high diversity of the microbiome,
composed mainly by members of Alphaproteobacteria, Gammaproteobacteria, Bacillales and Clostridiales
classes. The microbiome fingerprints were highly variable among individuals, even from the same
populations, the inter-individual differences accounting for 88.7% of total fingerprint variance. However,
statistically significant population-specific microbiome signatures were detected, and accounted for the
remaining 11.3% of total fingerprint variance. These population-specific differences were mainly attrib-
uted to sequences from members of known host-associated bacteria such as Gammaproteobacteria and
Betaproteobacteria, Cytophagia and Spirochaetia. This study showed the high complexity of the micro-
biome associated with an amphipod species and on the inter-individual microbiome variation with

potential importance for understanding amphipod trophic and ecologic processes.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Talitrid amphipods, one of the main components (in terms of
biomass) of the damp band of sandy beaches, play an important
role in the energy flow within the sandy beach ecosystem because
they feed on organic matter of marine and terrestrial origin and
provide nourishment for many species of beetles, fishes, birds and
mammals (Olabarria et al., 2009). Talitrid amphipods constitute
the main animal biomass in sandy beaches and play an important
role in the supralittoral environment (Griffiths et al., 1983;
Wildish, 1988; McLachlan and Brown, 2006). The sandhopper
Talitrus saltator is a well-established model species for bio-
monitoring human pressure and pollution on sandy beaches
(Barca-Bravo et al., 2008; Ugolini et al., 2004, 2005, 2012;
Ungherese et al., 2010a,b, 2012) and for ecology and behavior
(Pardi and Papi, 1953; Wildish, 1988; Ugolini et al., 1999; Ugolini,
2003, 2006). Despite their key ecological relevance for carbon
cycling on the damp band of sandy beaches, to date there are very
limited reports on T. saltator-associated gut microbial flora (Nuti
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et al., 1971; Martineti et al., 1995). In contrast, several reports on
Crustacea-associated microorganisms are present, but mainly
linked to health and aquaculture issues (Small and Pagenkopp,
2011; Wang, 2011) or to the presence of Wolbachia infections
(Cordaux et al., 2012). There are no investigations on the total
microbial communities carried by Crustaceans, despite the fact
that in recent years, invertebrate microbiology is attracting more
attention for its implication in biocontrol (Natrah et al., 2011) and
animal—microbe interaction studies (Muller et al., 2008; Olson
and Kellogg, 2010; Goffredi, 2011). Moreover, despite several
studies concerning the microflora of particular organs (e.g. gut or
reproductive organs) (Crotti etal.,2010; Hamdi et al.,2011), as well
as the presence and effect of Wolbachia infections (Ben Nasr et al.,
2010; Cordaux et al.,, 2012), no data were reported about the
variation of microbial communities among single individuals, nor
about possible population-specific microbial communities.

This work aimed to answer two key basic questions on the
ecological interactions of dump band amphipods, using Talitrus
saltator as model species: 1) What is the composition, in taxonomic
terms, of the bacterial community associated with single in-
dividuals and populations of T. saltator?; 2) Is there individual or
population-specific differentiation of the bacterial community? To
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address these questions the richness and the variability (both animal-
by-animal and population-specific) of the bacterial communities
associated with the sandhopper T. saltator were characterized by
using Terminal-Restriction Fragment Length Polymorphism (T-RFLP)
analysis (Liu et al,, 1997; Mengoni et al., 2007) of amplified 16S rRNA
genes, to provide a first insight into the microbiology and microbial
ecology of this key species of sandy beaches.

2. Materials and methods
2.1. Sampling and DNA extraction

Adult individuals of Talitrus saltator were collected from seven
populations (FA, AF, AM, RS, FM, C, P, Fig. 1), on the Tuscan coast
(Italy), previously characterized in a population genetic analysis
(Ungherese et al., 2010b). Live animals were immediately transported
to the laboratory, surface cleaned and conserved at —80 °C. From 3 to
7 animals were analyzed per population for a total of 30 animals.
Single animals were surface-cleaned by washing with sterile distilled
water to remove dust and sand particles. Total DNA was extracted
from animals as previously described (Ungherese et al., 2010b), using
a commercial kit (Macherey—Nagel). DNA was quantified spectro-
photometrically and stored at —20 °C prior to use.

2.2. T-RFLP profiling

T-RFLP was carried out as previously described (Mengoni et al.,
2009; Pini et al., 2012) using 799f/pHr primer pair, which doee not
target chloroplast and mitochondrial 16S rRNA gene, in order to
avoid amplification of 16S rRNA from animal DNA and from the
ingested food (Posidonia oceanica and others vegetable/organic
debris). Purified amplification products were digested separately
with restriction enzymes Alul and Taql and digestions were
resolved by capillary electrophoresis on an ABI310 Genetic
Analyzer (Applied Biosystems, Foster City, CA, USA) using LIZ 500
(Applied Biosystems) as size standard. T-RFLP analysis was per-
formed, as previously reported, on two technical PCR replicates
from each DNA extract as previously reported (Mengoni et al.,
2005). Only peaks present in both duplicate runs were consid-
ered for successive analyses.

2.3. Statistical analyses

Chromatogram files from automated sequencer sizing were
imported into GeneMarker ver. 1.71 software (SoftGenetics LLC,
State College, PA, USA), by filtering with the default options of the
module for AFLP analysis. Peaks (Terminal-Restriction Fragments,

A)
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Organic Lipid content

Site Geographical coordinate carbon (%) (%)
FM Fiume Morto 43°44°55” N; 10°16°31” E 0.04 14.2
FA Fiume Arno 43°40°55” N, 10°16°52” E 0.05 13.8
C Calambrone 43°34°56” N; 10°17°56” E 0.08 11.7
RS Rosignano Solvay 43°22°24” N; 10°26°23” E 0.74 11.2
P Piombino 42°57°07” N; 10°34’11” E 0.05 13.9
AM Albegna mare 43°30°36” N; 11°11°30” E n.d. n.d.
AF Albegna fiume 42°30°16” N; 11°11’41” E 0.18 7.0

Fig. 1. Sampled populations of T. saltator along the Tuscan coast (Italy). A) Map of the sampling sites. B) Codes of sites, geographical coordinates, organic carbon content of sandy
sediments and total lipid content of animals (data from Ungherese et al. (2012)) are reported.
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T-RFs) above 50 fluorescence units and whose size ranged from 35
to 500 nt were considered for profile analysis. Taxonomic inter-
pretation of T-RFs was done by MiCA web tool (http://mica.ibest.
uidaho.edu/) (Shyu et al, 2007) and MiCA results were then
analyzed and plotted by using Krona (Ondov et al.,, 2011). Tough
MiCA is performing a matching of the TRFs size/primer pairs/re-
striction enzyme combination with the 16S rRNA gene sequences
deposed in the Ribosomal Database (Cole et al., 2009), thus
allowing only a “putative” taxonomic assignment (no direct se-
quences matching), it has been proved as a reliable tool for the
taxonomic description of a bacterial community (see for examples
(Mengoni et al.,, 2009; Trabelsi et al., 2011; Bell et al., 2012; Febria
et al,, 2012; Horz et al., 2012)).

Statistical analyses were performed on a binary matrix obtained
by linearly combining data from the two restriction enzymes as
previously reported (Mengoni et al., 2009). UPGMA (Unweighted
Pair Group Method with Arithmetic mean) clustering of the binary
vectors and nonmetric Multidimensional Scaling (n-MDS) were
computed on a Jaccard similarity matrix by using the modules
present in PAST (Hammer et al., 2001). To test the distribution of
the variance of T-RFLP profiles within Talitrus saltator populations
and among populations and sites, Analysis of Molecular Variance
(AMOVA) (Excoffier et al., 1992) was applied using Arlequin 3.5.1.2
software (Excoffier et al., 2007). Pairwise Fst distances (Slatkin,
1995) between T-RFLP profiles, computed with Arlequin 3.5.1.2,
were used to infer a Neighbor-Joining dendrogram with the soft-
ware MEGAS5 (Tamura et al., 2011) (Table 2). As previously reported
(Mengoni et al., 2009; Pini et al., 2012), AMOVA and pairwise Fsr,

originally developed to measure the differentiation among pop-
ulations, were here applied as an estimator of bacterial community
differentiation. Mantel’s test of correlation between Jaccard dis-
tance matrices obtained from T-RFLP profiles and from genotypic
fingerprinting of the same animals (Ungherese et al., 2010b) was
performed by using Zt software (Bonnet and Van de Peer, 2002).

3. Results
3.1. T-RFLP bacterial community diversity of Talitrus saltator

The T-RFLP profiling of 30 Talitrus saltator-associated bacterial
communities with two restriction enzymes (Alul and Taql) yielded a
total of 56 polymorphic T-RFs, which allowed fingerprinting each
single animal-associated bacterial community. Fig. 2a reports the
number of Terminal-Restriction Fragments (T-RFs) obtained from
each single animal. Values ranged from 7 to 31 T-RFs per animal.
The sharing of T-RFs among individuals was relatively low (Fig. 2b),
with most of the T-RFs being present in less than 20% of individuals.

The molecular diversity of bacterial communities averaged over
the seven Talitrus saltator populations is reported in Table 1. Values
of the mean number of T-RFs ranged from 8.8 (AF) to 18.8 (FA), with
no significant differences among populations. It is of note that
when considering the mean number of pairwise differences among
T-RFLP profiles within the same population (informative over the
differences among the bacterial communities from animals
belonging to the same population), the populations AM and AF
showed the lower values (8.5 and 7.2, respectively) over the whole
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Fig. 2. Bacterial community diversity. A) The number of T-RFs for each animal is displayed. Codes for populations are those reported in the legend of Fig. 1. B) Sharing of T-RFs in the
dataset. The number of T-RFs present in different classes of sharing is reported. Codes are those reported in the legend of Fig. 1.


http://mica.ibest.uidaho.edu/
http://mica.ibest.uidaho.edu/

78 A. Mengoni et al. / Estuarine, Coastal and Shelf Science 131 (2013) 75—82

Table 1
Molecular diversity index (mean number of pairwise differences) for bacterial
communities associated with seven T. saltator populations.*

Populations Mean n. TRFs Mean n. of pairwise

differences
FA 18.7 + 84 20.6 +11.9
FM 120+ 1.0 16.0 £ 12.3
C 113+ 3.0 12.6 £+ 938
RS 182+ 89 214+ 133
P 10.3 + 4.9 12.6 £ 9.8
AM 12.7 £ 39 85459
AF 88+ 16 7.2 +4.7
Mean over all 133 +6.8 14.1 £ 9.7

populations

* The mean number of TRFs and the mean number of pairwise differences of T-
RFLP profiles are shown for each T. saltator populations. +, standard deviation.

dataset, tough values are not significantly different with respect to
the other populations. Moreover, a Spearman test of correlation run
on the number of molecular diversity of the community and
organic carbon content of sediments and lipid content of animals
did not show any significant correlation between community di-
versity data and lipid content or organic carbon content data
(Table S1).

The taxonomic assignment of T-RFs over the Ribosomal Data-
base with MiCA allowed us to attribute the 27 and 29 T-RFs from
Alul and Tagql restriction digestions to different taxonomic phyla and
classes. The taxonomic representation obtained by the two re-
striction enzymes is shown in Fig. 3. A large part of the TRFs were
attributed to the phylum Proteobacteria, and in particular to the
classes of Gammaproteobacteria (especially for Taql profiles, Fig. 3b),
Alphaproteobacteria and Betaproteobacteria. For the phylum Firmi-
cutes, sequences from both Bacillales and Clostridiales were most
similar to our TRFs. Interestingly, several groups known to have
strains host-associated were retrieved, as Burkholderia, Bacillus,
Clostridium, Enterobacter, Stenotrophomonas etc., which may harbor
genes important for the digestive processes (e.g. cellulases from
clostridia).

3.2. Variance of bacterial community among Talitrus saltator
individuals and populations

To evaluate the similarities of the bacterial community in
different Talitrus saltator individuals and the relationships between
populations, non-Metric Multidimensional Scaling (nMDS),
UPGMA clustering and AMOVA were carried out (Fig. 4a and b).
Individuals from the same population formed some clustering (e.g.
FA and AM), but no strict population clustering was observed.

Table 2
Analysis of Molecular Variance (AMOVA) for T-RFLP profiles of T. saltator-associated
bacterial communities.*

Source of variation d.f. Sumof Variance Percentage of P-value
squares components variation

Among populations 6 69.450 0.95959 11.30 <0.003

Within populations 23  173.283 7.53406 88.70 <0.0001

Total 29 242733 8.49365 Fsr = 0.11298

* AMOVA was performed with T-RFLP profiles from all seven populations
included in a single group (two hierarchical levels). The total variance observed was
attributed to the two hierarchical partitions: first lane, among populations; second
lane, within populations (among single individuals within populations). Data show
the degrees of freedom (d.f.), the sum of squared deviation, the variance component
estimate, the percentage of total variance contributed by each component, the Fsr
statistics (Fixation index), and the probability of obtaining a more extreme
component estimate by chance alone (P). P-values were estimated computing
10,000 permutations.

Interestingly, n-MDS grouped together individuals from the two
closest populations (AM and AF). To statistically test the differen-
tiation between populations Slatkin’s pairwise distances (derived
from pairwise Fsy) were computed and a Neighbor-Joining
dendrogram was drawn from them (Fig. 4c). Results showed
indeed a grouping of the T-RFLP profiles of populations partially in
agreement with geographical separation (with the relevant
exception of the P population). AMOVA (Table 2) showed that
populations are differentiated in terms of T-RFLP bacterial com-
munity profiles (11.30% of among population variance), even if
different animals within the same population retained the highest
level of differences in their bacterial community profiles (88.70%). A
grouping of populations in a northern (FA, FA, C, RS) and in a
southern group (P, AM, AF) resulted in an appreciable level of
variance for this partition (9.61% among the northern and the
southern group), but the P-value was at the threshold (P < 0.052)
for significance. This somewhat geographically-related pattern
warrants more investigation to elucidate the involvement of sandy
beaches bacterial communities in the sandhopper microbiome. A
survey of substratum bacterial communities and their possible
biogeography is needed to ecologically evaluate sandhopper pop-
ulation differences and relationships detected by bacterial com-
munity fingerprinting.

To more deeply investigate possible correlations between the
Talitrus saltator microbiomes (as T-RFLP profiles) and their genetic
and geographic separation a Mantel's test was performed on the
Jaccard similarity matrices obtained by T-RFLP (this work) and by
ISSR (Ungherese et al., 2010b) on the very same animals. Results
obtained showed indeed a low correlation value (r = 0.175,
P < 0.01), indicating that bacterial community composition is not
directly influenced by host genotype. However, a locus-by-locus
AMOVA sorted out 13 out of 59 T-RFs being unevenly distributed
among populations (P < 0.05), thus accounting for the detected
population differentiation, as previously reported (Fig. 4c). These
thirteen T-RFs were then taxonomic assigned with MiCA, allowing
to associate microbiome population differences to bacterial groups.
Results obtained for Tagl-derived T-RFs (6 T-RFs matching Ribo-
somal Database out 10 T-RFs) and Alul-derived T-RFs (3 T-RFs
matching Ribosomal Database out 3 T-RFs) showed that (Table 3)
differentiation was due to T-RFs matching sequences from mem-
bers of Gammaproteobacteria and Betaproteobacteria, but also
matches with members of classes Spirochaetia, Firmicutes, Sphin-
gobacteriia, Deltaproteobacteria, Gemmatimonadetes were present.
The T-RF at 59 nt after Tagl digestion was attributed to sequences
from very different classes (Clostridia, Flavobacteriia, Alphaproteo-
bacteria, Nitrospira).

4. Discussion

In recent years several efforts have explored the biodiversity and
understanding the functional role of microbial communities associ-
ated with organs and tissues of higher organisms (both plants and
animals). The microbiomes carried by higher organisms have an
important role in determining the health status of the organism
(Hamdi et al., 2011; Kinross et al., 2011), its trophism, and ecological
interactions. Recent examples include the human gut microbiome
(Arumugam et al., 2011; Schloissnig et al., 2012), as well as the giant
panda gut microbiome (Zhu et al, 2011) or the plant endosphere
(Pini et al., 2012). These works showed that the microbial (bacterial)
diversity harbored by higher organisms is in a balance between se-
lection (i.e. certain bacterial taxa are chosen by or are preferentially
associated with the higher organism) and chance (i.e. other taxa are
occasionally or not always present within the higher organism’s
microbiome), rendering not obvious direct cause-effect studies and
microbe-plant as well as microbe-animal association studies.
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Fig. 3. Taxonomic assignment of T-RFLP profiles. Krona representation of the different bacterial classes sorted out after MiCA matching of T-RFLP profiles obtained with Alul (A) and

Tagql (B) restriction enzymes. Codes are those reported in the legend of Fig. 1.
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Fig. 4. Differences of bacterial communities. A) Non-Metric Multidimensional Scaling
(n-MDS); stress = 0.3013. B) UPGMA dendrogram. Both analyses are based on Jaccard
distance matrix between T-RFLP profiles. C) Neighbor Joining dendrogram of Slatkin’s
linearized pairwise Fsr. Codes are those reported in the legend of Fig. 1.

In the present report, the microbiomes of individuals of Talitrus
saltator were characterized by T-RFLP analysis attempting to explore
microbiome composition in this supralittoral crustacean. We showed
a high diversity of the microbiome, in agreement (and in some cases
higher) with several previous studies on animals (Haynes et al., 2003;
Disayathanoowat et al., 2011), and apparently not associated with
organic carbon content of sandy sediments and nutritional status of

Table 3
T-RFs accounting for population differentiation after locus-by-locus AMOVA and
putative taxonomic groups.

TRF-size” Putative taxonomic assignment’

Alul

64 Spirochaetia (AY369252; Treponema vincentii OMZ 861

82 Firmicutes (AM990996; Bacillus subtilis subsp.
subtilis RSP-GL)

160 Firmicutes (AY854364; uncultured bacterium Thompsons86.
Best Blast hit to NR_028721; Heliorestis daurensis with 100%
identity, total score 1444)

Taql

41 Gammaproteobacteria (GU434689 Pseudomonas stutzeri;

HM438059 uncultured
Oceanospirillales bacterium; DQ185604 Klebsiella
pneumonia; FM163485
Serratia marcescens; HM438484 uncultured Halomonas)
42 Betaproteobacteria (AY277699; Candidatus Burkholderia
verschuerenii; Y14701;
Azoarcus anaerobius; X77679; Azoarcus evansii; AF229881;
Thauera aromatica; AF229887;
Thauera chlorobenzoica)
45 No matches after MiCA search
47 Sphingobacteriia (X91814; Sphingobacterium comitans)
Cytophagia (GQ161990; Pedobacter; EU682684;
Adhaeribacter terreus; AM230484; Terrimonas
ferruginea; FJ890894; Chitinophaga)

48 No matches after MiCA search

53 Deltaproteobacteria (DQ646304; uncultured
Myxococcales bacterium)

59 Clostridia (AY821870; uncultured Mogibacterium)

Flavobacteriia (AY987349; Nonlabens tegetincola)
Alphaproteobacteria (HM438600; uncultured
Sphingomonas)

Nitrospira (X71838; Candidauts Magnetobacterium
bavaricum, HM454280;

uncultured Nitrospirae bacterium)

70 Gemmatimonadetes (AP009153; Gemmatimonas aurantiaca)
85 No matches after MiCA search
118 No matches after MiCA search

* The TRF size (nt) is displayed. The name of the restriction enzyme is also
reported above the.

 Taxonomic groups displayed are those sorted out after MiCA search over the
Ribosomal Database. For each T-RF the name of the class is reported and, in
parentheses, the matching sequence with GenBank ID and strain name. For se-
quences coded as “uncultured” the best Blast hit is also displayed.

populations (estimated as lipid content). It is of note that T. saltator-
associated bacterial communities contained taxa both known to
include members of animal associated species (e.g. Gammaproteo-
bacteria and Firmicutes of Bacillales and Clostridiales classes), but also
other classes, such as Alphaproteobacteria, which include marine
(Morris et al, 2002) and plant-associated species (Ettema and
Andersson, 2009). The assignment of TRFs to members of Clos-
tridiales may also suggest an involvement of this group of bacteria in
cellulose degradation within the gut, as previously reported (Nuti
et al,, 1971; Martineti et al., 1995), similarly to other herbivores
(Zhu et al., 2011). The presence of Alphaproteobacteria may be linked
to both the interaction of animals with seawater (since they live on
the damp band of sandy beaches) and to the feeding of organic debris.

Another important feature was the high variability of microbiome
T-RFLP fingerprints among individuals, even from the same pop-
ulations. In this respect, the inter-individual differences accounted for
up to 88.70% of total fingerprints variance. It was interesting to note
that statistically significant population-specific microbiome signa-
tures also were detected, and accounted for the remaining 11.30% of
total fingerprints variance. These population-specific differences were
attributed to several taxa among which the classes of Gammaproteo-
bacteria, Betaproteobacteria, Spirochaetia, Firmicutes, Sphingobacteriia,
Deltaproteobacteria, and Gemmatimonadetes which contain species
known to be associated with eukaryotic organisms and aquatic
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invertebrates (see for instances (Harris, 1993; Archie and Theis, 2011)).
Finally, a locus-by-locus AMOVA indicated the presence of a fraction of
T-RFLP profiles related with animal populations, suggesting a poten-
tial role of site or of animal’'s genotype (e.g. immune systems) in
shaping the bacterial community composition.

In conclusion this study showed that a high taxonomic vari-
ability is present in the microbiome associated with Talitrus saltator
as well as a large inter-individual microbiome variation. Future
studies focusing on specific organs (e.g. gut) and on the modifica-
tion of the microbiome in relation to environmental parameters are
needed to clarify the trophism and extend to the associated bac-
terial communities the bioindicator features of T. saltator.

Acknowledgments

This work was supported by intramural grants of the University
of Florence to AM and AU. We are grateful to Dr. Anna Benedetti
(CRA-RPS, Rome, Italy) for the financial support to GB by granting
him a PhD fellowship.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.ecss.2013.08.011.

References

Archie, E.A., Theis, K.R,, 2011. Animal behaviour meets microbial ecology. Animal
Behaviour 82, 425—436.

Arumugam, M., Raes, ]., Pelletier, E., Le Paslier, D., Yamada, T., Mende, D.R,
Fernandes, G.R,, Tap, ]J., Bruls, T., Batto, J.M., Bertalan, M., Borruel, N., Casellas, F.,
Fernandez, L., Gautier, L., Hansen, T., Hattori, M., Hayashi, T., Kleerebezem, M.,
Kurokawa, K., Leclerc, M., Levenez, F.,, Manichanh, C., Nielsen, H.B., Nielsen, T.,
Pons, N., Poulain, J., Qin, J., Sicheritz-Ponten, T., Tims, S., Torrents, D., Ugarte, E.,
Zoetendal, E.G., Wang, ]., Guarner, F, Pedersen, O., De Vos, W.M.,, Brunak, S.,
Doré, ]., Weissenbach, ]., Ehrlich, S.D., Bork, P., 2011. Enterotypes of the human
gut microbiome. Nature 473, 174—180.

Barca-Bravo, S., Servia, M J., Cobo, F.,, Gonzalez, M.A., 2008. The effect of human use
of sandy beaches on developmental stability of Talitrus saltator (Montagu, 1808)
(Crustacea, Amphipoda). A study on fluctuating asymmetry. Marine Ecology-an
Evolutionary Perspective 29, 91-98.

Bell, S.L., Allam, B., McElroy, A., Dove, A., Taylor, G.T., 2012. Investigation of epizootic
shell disease in American lobsters (Homarus americanus) from Long Island
Sound: I. Characterization of associated microbial communities. Journal of
Shellfish Research 31, 473—484.

Ben Nasr, S., Gtari, M., Azzouna, A., 2010. Detection and phylogeny of the bacteria
Wolbachia in the terrestrial isopod Porcellio laevis Latr. (Crustacea, Oniscoidea),
isolated from Lebna and Bizerte stations, Tunisia. Annals of Microbiology 60,
43-50.

Bonnet, E., Van de Peer, Y., 2002. zt: a software tool for simple and partial Mantel
tests. Journal of Statistical Software 7, 1-12.

Cole, J.R, Wang, Q., Cardenas, E., Fish, ], Chai, B., Farris, RJ., Kulam-Syed-
Mohideen, A.S., McGarrell, D.M., Marsh, T., Garrity, G.M., Tiedje, ].M., 2009. The
ribosomal database project: improved alignments and new tools for rRNA
analysis. Nucleic Acids Research 37, D141—-D145.

Cordaux, R, Pichon, S., Hatira, H.B.A., Doublet, V., Gréve, P., Marcadé, 1., Braquart-
Varnier, C., Souty-Grosset, C., Charfi-Cheikhrouha, F, Bouchon, D., 2012.
Widespread Wolbachia infection in terrestrial isopods and other crustaceans.
ZooKeys 176, 123—131.

Crotti, E., Rizzi, A., Chouaia, B., Ricci, I, Favia, G., Alma, A., Sacchi, L., Bourtzis, K.,
Mandrioli, M., Cherif, A., Bandi, C., Daffonchio, D., 2010. Acetic acid bacteria,
newly emerging symbionts of insects. Applied and Environmental Microbiology
76, 6963—6970.

Disayathanoowat, T., Young, J.P.W., Helgason, T., Chantawannakul, P., 2011. T-RFLP
analysis of bacterial communities in the midguts of Apis mellifera and Apis
cerana honey bees in Thailand. FEMS Microbiology Ecology 79, 273—281.

Ettema, TJ.G., Andersson, S.G.E., 2009. The a-proteobacteria: the Darwin finches of
the bacterial world. Biology Letters 5, 429—432.

Excoffier, L., Laval, G., Schneider, S., 2007. Arlequin (version 3.0): an integrated
software package for population genetics data analysis. Evolutionary Bioinfor-
matics 1.

Excoffier, L., Smouse, P.E., Quattro, M., 1992. Analysis of molecular variance inferred
from metric distances among DNA haplotypes: application to human mito-
chondrial DNA restriction data. Genetics 131, 479—491.

Febria, C.M., Beddoes, P, Fulthorpe, R.R., Williams, D.D., 2012. Bacterial community dy-
namics in the hyporheic zone of an intermittent stream. ISME Journal 6,1078—1088.

Goffredi, S.K., 2011. Indigenous ectosymbiotic bacteria associated with diverse hy-
drothermal vent invertebrates. Environmental Microbiology Reports 2, 479—
488.

Griffiths, C.L., Stenton-Dozey, J.M.E., Koop, K., 1983. Kelp wrack and the flow of
energy through a sandy beach ecosystem. In: McLachlan, A., Erasmus, T. (Eds.),
Sandy Beaches as Ecosystems. Dr. W. Junk Publishers, The Hague, pp. 547—556.

Hamdi, C., Balloi, A. Essanaa, J., Crotti, E., Gonella, E., Raddadi, N., Ricci, L,
Boudabous, A., Borin, S., Manino, A., Bandi, C., Alma, A., Daffonchio, D., Cherif, A.,
2011. Gut microbiome dysbiosis and honeybee health. Journal of Applied
Entomology 135, 524—533.

Hammer, @., Harper, D.A.T., Ryan, P.D., 2001. PAST: Paleontological statistics soft-
ware package for education and data analysis. Palaeontologia Electronica 41, 9.

Harris, J.M., 1993. The presence, nature, and role of gut microflora in aquatic in-
vertebrates: a synthesis. Microbial Ecology 25, 195—231.

Haynes, S., Darby, A.C., Daniell, TJ., Webster, G., van Veen, FJ.F, Godfray, H.C].,
Prosser, ].I, Douglas, A.E., 2003. Diversity of bacteria associated with natural
aphid populations. Applied and Environmental Microbiology 69, 7216—7223.

Horz, H.P, Ten Haaf, A. Kessler, O., Said Yekta, S., Seyfarth, I, Hettlich, M.,
Lampert, F, Kupper, T., Conrads, G., 2012. T-RFLP-based differences in oral mi-
crobial communities as risk factor for development of oral diseases under
stress. Environmental Microbiology Reports 4, 390—397.

Kinross, J.M., Darzi, A.W., Nicholson, J.K., 2011. Gut microbiome-host interactions in
health and disease. Genome Medicine 3.

Liu, W.T,, Marsh, T.L,, Cheng, H., Forney, LJ., 1997. Characterization of microbial diversity
by determining terminal restriction fragment length polymorphisms of genes
encoding 16S rRNA. Applied and Environmental Microbiology 63, 4516—4522.

Martineti, V., Gallori, E., Perito, B., Ugolini, A., 1995. Isolamento e caratterizzazione
di betteri cellulosolitici dall’apparato digerente di anfipodi talitridi, vol. 16.
S.IT.E. Atti, pp. 277—279.

McLachlan, A., Brown, A.C., 2006. The Ecology of Sandy Shores. Academic Press,
Burlington, Massachusetts.

Mengoni, A., Giuntini, E., Bazzicalupo, M., 2007. Application of terminal-restriction
fragment length Polymorphism (T-RFLP) for molecular analysis of soil bacterial
communities. In: Advanced Techniques in Soil Microbiology. Springer, New-
York, pp. 295—305.

Mengoni, A, Pini, F, Huang, L.-N., Shu, W.-S., Bazzicalupo, M., 2009. Plant-by-plant
variations of bacterial communities associated with leaves of the nickel-
hyperaccumulator Alyssum bertolonii Desv. Microbial Ecology 58, 660—667.

Mengoni, A., Tatti, E., Decorosi, F, Viti, C., Bazzicalupo, M., Giovannetti, L., 2005.
Comparison of 16S rRNA and 16S rDNA T-RFLP approaches to study bacterial
communities in soil microcosms treated with chromate as perturbing agent.
Microbial Ecology 50, 375—384.

Morris, R.M., Rappe, M.S., Connon, S.A., Vergin, K.L., Siebold, W.A., Carlson, CA.,
Giovannoni, S.J., 2002. SAR11 clade dominates ocean surface bacterioplankton
communities. Nature 420, 806—810.

Muller, U., Vogel, P, Alber, G., Schaub, G., 2008. The innate immune system of
mammals and insects. In: Egesten, A., Schmidt, A., Herwald, H. (Eds.), Contri-
butions to Microbiology, pp. 21—44.

Natrah, EML.L, Defoirdt, T., Sorgeloos, P., Bossier, P., 2011. Disruption of bacterial cell-
to-cell communication by marine organisms and its relevance to aquaculture.
Marine Biotechnology 13, 109—126.

Nuti, M.P,, De Bertoldi, M., Lepidi, A.A., 1971. Microrganisms of the gastro-enteric
cavity of Talitrus saltator Montagu: ecology and interreletionships. Annals of
Microbiology 21, 77—88.

Olabarria, C., Incera, M., Garrido, J., Rodil, LE, Rossi, F.,, 2009. Intraspecific diet shift
in Talitrus saltator inhabiting exposed sandy beaches. Estuarine. Coastal and
Shelf Science 84, 282—288.

Olson, ].B., Kellogg, C.A., 2010. Microbial ecology of corals, sponges, and algae in
mesophotic coral environments. FEMS Microbiology Ecology 73, 17—30.

Ondov, B., Bergman, N., Phillippy, A., 2011. Interactive metagenomic visualization in
a web browser. BMC Bioinformatics 12, 385.

Pardi, L., Papi, F, 1953. Ricerche sull'orientamento di Talitrus saltator (Montagu)
(Crustacea—Amphipoda). Zeitschrift fur Vergleichende Physiologie 35, 459—489.

Pini, F, Frascella, A., Santopolo, L., Bazzicalupo, M., Biondi, E., Scotti, C., Mengoni, A.,
2012. Exploring the plant-associated bacterial communities in Medicago sativa
L. BMC Microbiology 12, 78.

Schloissnig, S., Arumugam, M., Sunagawa, S., Mitreva, M., Tap, J., Zhu, A., Waller, A.,
Mende, D.R., Kultima, J.R., Martin, J., Kota, K., Sunyaev, S.R., Weinstock, G.M.,
Bork, P, 2012. Genomic variation landscape of the human gut microbiome.
Nature 493, 45—50.

Shyu, C,, Soule, T., Bent, S., Foster, J., Forney, L., 2007. MiCA: a web-based tool for the
analysis of microbial communities based on terminal-restriction fragment length
polymorphisms of 16S and 18S rRNA genes. Microbial Ecology 53, 562—570.

Slatkin, M., 1995. A measure of population subdivision based on microsatellite allele
frequencies. Genetics 139, 457—462.

Small, H.J., Pagenkopp, K.M., 2011. Reservoirs and alternate hosts for pathogens of
commercially important crustaceans: a review. Journal of Invertebrate Pathol-
ogy 106, 153—164.

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M., Kumar, S., 2011. MEGAS5:
molecular evolutionary genetics analysis using maximum likelihood, evolu-
tionary distance, and maximum parsimony methods. Molecular Biology and
Evolution 28, 2731-2739.

Trabelsi, D., Mengoni, A., Ben Ammar, H., Mhamdi, R., 2011. Effect of on-field
inoculation of Phaseolus vulgaris with rhizobia on soil bacterial communities.
FEMS Microbiology Ecology 77, 211-222.


http://dx.doi.org/10.1016/j.ecss.2013.08.011
http://dx.doi.org/10.1016/j.ecss.2013.08.011
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref1
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref1
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref1
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref2
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref2
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref2
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref2
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref2
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref2
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref2
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref2
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref2
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref3
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref3
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref3
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref3
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref3
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref4
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref4
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref4
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref4
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref4
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref5
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref5
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref5
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref5
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref5
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref6
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref6
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref6
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref7
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref7
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref7
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref7
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref7
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref8
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref8
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref8
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref8
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref8
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref9
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref9
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref9
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref9
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref9
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref10
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref10
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref10
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref10
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref11
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref11
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref11
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref12
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref12
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref12
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref13
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref13
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref13
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref13
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref14
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref14
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref14
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref15
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref15
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref15
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref16
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref16
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref16
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref16
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref17
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref17
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref17
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref17
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref17
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref18
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref18
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref19
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref19
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref19
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref20
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref20
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref20
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref20
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref21
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref21
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref21
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref21
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref21
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref22
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref22
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref23
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref23
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref23
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref23
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref24
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref24
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref24
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref24
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref25
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref25
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref26
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref26
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref26
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref26
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref26
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref27
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref27
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref27
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref27
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref28
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref28
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref28
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref28
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref28
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref29
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref29
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref29
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref29
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref30
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref30
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref30
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref30
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref31
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref31
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref31
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref31
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref32
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref32
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref32
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref32
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref33
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref33
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref33
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref33
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref34
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref34
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref34
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref35
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref35
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref36
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref36
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref36
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref36
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref37
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref37
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref37
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref38
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref38
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref38
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref38
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref38
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref39
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref39
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref39
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref39
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref40
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref40
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref40
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref41
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref41
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref41
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref41
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref42
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref42
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref42
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref42
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref42
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref43
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref43
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref43
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref43

82 A. Mengoni et al. / Estuarine, Coastal and Shelf Science 131 (2013) 75—82

Ugolini, A., 2003. Activity rhythms and orientation in sandhoppers (Crustacea,
Amphipoda). Frontiers in Bioscience 8, 722—732.

Ugolini, A., 2006. Equatorial sandhoppers use body scans to detect the earth’s
magnetic field. Journal of Comparative Physiology A: Neuroethology, Sensory,
Neural, and Behavioral Physiology 192, 45—49.

Ugolini, A., Borghini, F, Calosi, P, Bazzicalupo, M., Chelazzi, G., Focardi, S., 2004.
Mediterranean Talitrus saltator (Crustacea, Amphipoda) as a biomonitor of
heavy metals contamination. Marine Pollution Bulletin 48, 526—532.

Ugolini, A., Borghini, F.,, Focardi, S., Chelazzi, G., 2005. Heavy metals accumu-
lation in two syntopic sandhopper species: Talitrus saltator (Montagu) and
Talorchestia ugolinii Bellan Santini and Ruffo. Marine Pollution Bulletin 50,
1328—1334.

Ugolini, A., Melis, C., Innocenti, R., 1999. Moon orientation in adult and young
sandhoppers. Journal of Comparative Physiology A: Neuroethology, Sensory,
Neural, and Behavioral Physiology 184, 9—12.

Ugolini, A., Pasquali, V., Baroni, D., Ungherese, G., 2012. Behavioural responses of the
supralittoral amphipod Talitrus saltator (Montagu) to trace metals contamina-
tion. Ecotoxicology 21, 139—-147.

Ungherese, G., Baroni, D., Focardi, S., Ugolini, A., 2010a. Trace metal contamination
of Tuscan and eastern Corsican coastal supralittoral zones: the sandhopper
Talitrus saltator (Montagu) as a biomonitor. Ecotoxicology and Environmental
Safety 73, 1919—1924.

Ungherese, G., Cincinelli, A., Martellini, T., Ugolini, A., 2012. PBDEs in the supra-
littoral environment: the sandhopper Talitrus saltator (Montagu) as bio-
monitor? Chemosphere 86, 223—227.

Ungherese, G., Mengoni, A., Somigli, S., Baroni, D., Focardi, S., Ugolini, A., 2010b.
Relationship between heavy metals pollution and genetic diversity in Medi-
terranean populations of the sandhopper Talitrus saltator (Montagu) (Crustacea,
Amphipoda). Environmental Pollution 158, 1638—1643.

Wang, W., 2011. Bacterial diseases of crabs: a review. Journal of Invertebrate Pa-
thology 106, 18—26.

Wildish, D.J., 1988. Ecology and natural history of aquatic Talitroidea. Canadian
Journal of Zoology 66, 2340—2359.

Zhu, L., Wu, Q., Dai, J., Zhang, S., Wei, E, 2011. Evidence of cellulose metabolism by
the giant panda gut microbiome. Proceedings of the National Academy of Sci-
ences USA 108, 17714—17719.


http://refhub.elsevier.com/S0272-7714(13)00352-1/sref44
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref44
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref44
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref45
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref45
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref45
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref45
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref46
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref46
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref46
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref46
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref47
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref47
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref47
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref47
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref47
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref48
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref48
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref48
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref48
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref49
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref49
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref49
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref49
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref50
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref50
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref50
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref50
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref50
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref51
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref51
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref51
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref51
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref52
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref52
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref52
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref52
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref52
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref53
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref53
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref53
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref54
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref54
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref54
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref55
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref55
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref55
http://refhub.elsevier.com/S0272-7714(13)00352-1/sref55

	High genetic diversity and variability of bacterial communities associated with the sandhopper Talitrus saltator (Montagu)  ...
	1 Introduction
	2 Materials and methods
	2.1 Sampling and DNA extraction
	2.2 T-RFLP profiling
	2.3 Statistical analyses

	3 Results
	3.1 T-RFLP bacterial community diversity of Talitrus saltator
	3.2 Variance of bacterial community among Talitrus saltator individuals and populations

	4 Discussion
	Acknowledgments
	Appendix A Supplementary data
	References


