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Summary

The processes underlying the phylogenetic structure
of the biotic communities are typically scale-
dependent and thus often poorly resolved. lllustrated
by the study of macroorganisms, it is suggested that
the relative influence of ecological processes on the
phylogenetic structure of the communities can be
inferred by the geographical definition of the species
pools. However, given the high dispersal ability of
microbes, the spatial delineation of the species pool
may not be that practical for microbial taxa. This idea
is supported by the observational data on bacteria
along an elevational gradient. Significant negative
values of standardized effect size of the mean nearest
taxon distance were consistently observed for differ-
ent sized species pools considered. Reviewing the
reports on microbial phylogenetic structure so far,
we suggested that the ‘habitat species pools’ are
perhaps more important for microbes than spatial
delineated ‘regional species pools’.

A recent decade has witnessed an increasing interest in
using phylogenetic analyses with the null models to infer
evolutionary and ecological processes underlying com-
munity structure, but the scale dependency is still a major
challenge for these analyses (e.g. Swenson et al., 2006).
This is because in the community phylogenetics research,
the null models involve subjectively defined ‘species
pools’ (Webb et al., 2002; Swenson et al., 2006), while
different processes typically act on different scales.
Moreover, relevant scales may differ between the organ-
isms concerned. lllustrated by the study of hummingbirds
in the Andes (Graham et al., 2009; Gonzalez-Caro et al.,
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2012), Lessard and colleagues (2012) advised that
the local ecological processes should be studied using
regional species pools truly influential on focal communi-
ties thus excluding the taxa that are unlikely to disperse to
a focal site. For instance, one can define ‘the pool to
species that are found within the same elevation band as
the focal community’ (Lessard et al., 2012). However, we
expect that such a strict spatial delineation of the species
pools may not be practical for microbes due to their high
dispersal rate across sites and the pivotal role of species
sorting by the environment in structuring community com-
positions (Wang et al., in press). This would be especially
true when the samples are collected within relatively small
spatial scales, yet covering long environmental gradients
(e.g. in mountain regions).

To test for the idea that the spatial delineation of
species pools is not practical for microbes, we analyse
bacterial phylogenetic structure with different sized
species pools on mountainsides. Briefly, stream biofilm
bacteria were sampled at 24 sites along a stony moun-
tainside stream extending from 1820 to 4050 m in eleva-
tion (Wang etal, 2011; 2012a). Bacterial 16S rRNA
genes were amplified and sequenced using a Roche 454
FLX pyrosequencer. We separated the assemblages into
two groups: (i) whole bacterial communities and (ii)
phylum Proteobacteria. For both assemblage groups, we
defined species pools using different spatial grains by
dividing the whole elevational gradient into one to four
bins. The significant phylogenetic signal in ecological
niches in the data allows one to infer the underlying eco-
logical processes using phylogenetic information (Wang
etal, in press). For phylogenetic community structure,
we calculated the observed mean nearest taxon distance
(MNTD) of all species pairs occurring in a community
based on an observed dataset of a community (Webb
etal.,, 2002). MNTD is an estimate for the mean phylo-
genetic relatedness between each operational taxonomic
unit (OTU) in a bacterial community and its nearest rela-
tive, and it provides useful ecological information for
understanding the phylogenetic structure of the com-
munities as well as underlying drivers (i.e. species inter-
actions and environmental filtering). Further, the stand-
ardized effect size of MNTD (ses.MNTD) was calculated
for each community by comparing the observed MNTD
with 1000 null communities (Webb et al,, 2002). The
obtained standardized effect size measure (ses.MNTD)
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can be used to test for whether communities are
phylogenetic clustered or overdispersed (see below and
Webb, 2000). We generated the null communities with
the assumption that all species are equally able to colo-
nize the sites within the defined species pool, and thus
each species have the same expected prevalence
(Gotelli, 2000; Kembel and Hubbell, 2006). The total
species richness of each elevation was maintained at the
same level, and the species for each elevation were
chosen randomly without a replacement from the corre-
sponding pool of species present along the elevation.
Negative ses.MNTD values and low quantiles (P < 0.05)
suggest that communities are phylogenetically clustered
due to environmental filtering, that is, co-occurring
species are more closely related than expected by
chance. Positive values and high quantiles (P> 0.95)
indicate that the co-occurring species are less closely
related than expected by chance (i.e. communities are
overdispersed) (Webb, 2000).

For one species pool covering the whole elevational
gradient, ses.MNTD and elevation showed a significant
negative relationship with each other for the whole bacte-
rial communities (Fig. 1A) as well as for Proteobacteria
(Fig. 1E). When different spatial sizes in species pools
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were considered, the trends for the ses.MNTD along
elevation were however not always significantly negative
for each bin (Fig. 1). Species pools may thus affect the
elevational trends in phylogenetic clustering due to the
varying length of the covered environmental gradients.
This view is supported by the steeper slopes in the rela-
tionships between phylogenetic structure and elevation
for the whole bacterial communities at low elevations in
the smaller elevational bins (Fig. 1A-D). This may be due
to the large environmental heterogeneity (e.g. in total
phosphorus) between sites at low elevations (Wang et al.,
2011) and due to the increased human activities below
2580 m in elevation (Wang etal, 2012b). Due to the
limited number for sampling sites, we cannot reliably test
the influence of environmental heterogeneity or human
activity on the relationship between phylogenetic structure
and elevation, but it warrants future investigations. Fur-
thermore, the ses.MNTD values for the whole bacterial
community were higher than for Proteobacteria only
(Fig. 1E). Generally, these results, agreeing with the pre-
vious reports on macroorganisms (Swenson et al., 2006;
Lessard et al., 2012), suggest that species pools should
not be ignored when examining the influence of local
ecological processes for microbes.
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Fig. 1. The phylogenetic structure of bacteria with the different definitions of the species pools with one (A and E), two (B and F), three (C
and G) and four (D and H) bins along the elevational gradient, which are indicated by the colour numbers in each panel. The left panels (A),
(B), (C) and (D) represent the whole bacterial communities and the right panels (E), (F), (G) and (H) represent Proteobacteria. (A) and (E)
were adopted from (Wang et al., 2012a). All ses.MNTD were significant (P < 0.01). Negative ses.MNTD values and low quantiles (P < 0.05)
suggest that communities are phylogenetically clustered due to environmental filtering, that is, co-occurring species are more closely related
than expected by chance. The dotted lines indicate the significant trends of ses.MNTD as a function of elevation using either linear or
quadratic model depending of the value of Akaike’s information criterion.
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All values of ses.MNTD were significantly negative
when different sized species pools were considered
although the values approached the null prediction when
the species pool sizes decreased (Fig. 1). The negative
values indicated that bacterial communities were phylo-
genetically clustered regardless of the spatial species
pools or assemblage groups considered. It is interesting
to note that for microbes, phylogenetic clustering is likely
to be evident at various spatial scales ranging from mil-
limetres (Armitage etal., 2012), 1 km (Horner-Devine
and Bohannan, 2006; Stegen etal., 2012), 30—40 km
(Bryant et al., 2008; Wang et al., 2012a), hundreds of
kilometres (Horner-Devine and Bohannan, 2006), to a
globe scale (Barberan and Casamayor, 2010). Further-
more, at regional scales, persistent seed bank may
explain the seasonal dynamics for microbial communi-
ties (Caporaso etal, 2011). These evidences indicate
that the spatial delineation of ‘regional species pool’ is
not that important for microbes and will not greatly affect
whether communities are phylogenetically clustered or
overdispersed. That is, the microbial communities are
more likely to show phylogenetic clustering than overd-
ispersion regardless of the spatial scales considered.
The length of the environmental gradients within and
across habitat types studied, i.e. the environmental vari-
ation within the ‘habitat species pool’, is perhaps more
important than the spatial scale when local ecological
processes are examined for microbes. For instance, one
should first consider the degree of environmental hetero-
geneity even when defining the species pool within the
elevational bands. Furthermore, ‘regional species pool
needs to be delineated only when there is obvious dis-
persal limitation in the system, e.g. in the subsurface
environments.

Compared with hummingbirds (Graham et al., 2009) or
plants (Swenson et al.,, 2006), microbial communities
show a long evolutionary history. Along with a rapid devel-
opment of high-throughput sequencing techniques and
experimental manipulation in microbial communities, it
may be promising to conduct more studies within a phy-
logenetic framework. For instance, dividing microbial
communities into functional groups or evolutionary bins
would be useful when inferring the drivers of local com-
munity structure. Rather than detecting significant phylo-
genetic clustering at the microbial community level, one
would like to uncover the strength of local ecological proc-
esses from the phylogenetic structure along the defined
environmental gradient gradients (e.g. Horner-Devine and
Bohannan, 2006).
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