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Our understanding of the structure and functioning of
marine microbial communities has advanced very signif-
icantly over the past few years, driven in part by an ex-
plosion of genetic and phylogenetic data, as well as by
detailed metabolic and biogeochemical data from a wide
range of sites and systems. Nevertheless, the interfaces
and links that exist between marine biogeochemistry,
microbial ecology and molecular ecology are still tenu-
ous and elusive (Hofle et al. 2008). In previous special is-
sues of Aquatic Microbial Ecology (AME) we explored
and discussed the complexities and challenges associ-
ated with the study of marine microbial diversity and
structure (Fuhrman & Steele 2008, Kuparinen & Galvao
2008, Caron & Countway 2009, Li 2009), and the difficul-
ties of linking the patterns in diversity and composition to
specific metabolic pathways in situ (Herndl et al. 2008,
Raven 2009), and to major biogeochemical processes in
surface oceans (Ducklow 2008, Gasol et al. 2008, Hofle et
al. 2008, Weinbauer et al. 2009) and in deep ocean layers
(Herndl et al. 2008, Tanaka 2009).

These challenges persist and, in fact, have in some
ways expanded. In the past few years, there have been
major technological developments, notably in the
widespread application of massive sequencing tech-
niques. These approaches yield large amounts of infor-
mation on the structure of microbial communities, and
in particular offer an unprecedented view of their rarer
components. The generation of large amounts of data,
however, does not automatically translate into greater
ecological insight, unless there is an adequate frame-
work within which to analyze and interpret these data.
The technical advances are thus forcing the develop-
ment of new conceptual, theoretical and statistical
tools and frameworks (Pedrés-Alié 2007, Caron &
Countway 2009).

In this Special Issue of AME, we continue the explo-
ration of emerging issues in marine microbial ecology,
which are intimately related to the challenges dis-
cussed above. Pommier et al. (2010, this Special Issue)
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provide a concrete example of how pyrosequencing
data may be used to assess bacterioplankton spatial
patterns in coastal bacterial communities, and show
major differences in community structure along a tran-
sect from the coast to open water, as well as with depth.
Perhaps more importantly, they show how the actual
patterns of diversity between stations vary when differ-
ent portions of the ‘rarity’ spectrum are considered.

Pyrosequencing and other related, high-throughput
techniques, carried out at broad phylogenetic levels
have great potential to inform on patterns of distribu-
tion of rare and abundant microbial taxa. These tech-
niques may also yield much insight into the distribu-
tion of key biochemical functions within these
communities. In this regard, Riemann et al. (2010, this
Special Issue) explore the distribution of nitrogenase
activity beyond the commonly recognized diazotrophic
picocyanobacteria, and show that biological N, fixa-
tion is much more widely distributed than previously
considered. These observations may have major con-
sequences for our perception not only of the magni-
tude of marine N fixation, but also of the spatial and
temporal heterogeneity of this key process.

There is no question that nitrogen plays a key role in
shaping ocean metabolism, but in some marine eco-
systems, such as the Mediterranean Sea, phosphorus
plays a central role as well (Suggett et al. 2009). Where
P is limiting, competition for the resource among the
various microbial components is fierce (Tambi et al.
2009), and the outcome may in part shape the structure
of microbial food webs. Thingstad & Cuevas (2010, this
Special Issue) explore the pathways of P acquisition
and transfer within marine microbial food webs, using
a combination of experimental data and modeling, and
they show how the interaction between flexible
stoichiometry and predatory processes may influence
the speed and efficiency of P transfer.

Understanding the heterogeneity of microbial pro-
cesses at different scales remains one of the main chal-
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lenges in marine microbial ecology. The water column
of oceans and seas often appears to be relatively homo-
geneous, at least from the microbial perspective, yet
we now know that it is populated by hundreds of thou-
sands, if not millions, of individual genotypes. Small-
scale spatial and temporal heterogeneities must play a
role in the maintenance of this microbial diversity; in
this regard, Tang et al. (2010, this Special Issue)
explore the role that marine zooplankton organisms
play as hotspots of bacterial diversity and activity in
the oceans, and suggest that these hotspots have con-
sequences for both the structure of marine microbial
communities and major biogeochemical pathways.

P and N are intimately linked to phytoplankton and
bacterial dynamics in coastal systems, and particularly
to the development of algal blooms. One of the conse-
quences of these blooms is the production of large
amounts of exopolymeric compounds (Bar-Zeev et al.
2009), which may alter the physical and chemical
structure of the entire system. The SAME 11 meeting
was held on the shores of the Adriatic Sea, known for
the periodic development of massive flocs of mucilage
derived from algal blooms. It is appropriate then that
Turk et al. (2010, this Special Issue) explore the physi-
cal, biogeochemical and ecological implications of
mucilage macroaggregates, and their interactions with
microbial communities.

Microbial communities clearly play a major role in
shaping marine biogeochemistry, but Liu et al. (2010,
this Special Issue) explore the reverse link: How may
shifts in marine chemistry, more specifically through
ocean acidification, influence the structure and func-
tioning of marine microbial communities? There is no
simple or direct response to this question, but these
authors provide a much-needed synthesis of the cur-
rent literature and key insights into future avenues of
research.

The SAME 11 meeting revealed once again the
steady progress that is being made in our discipline in
addressing existing problems and paradigms. It also
highlighted the excitement of emerging questions and
challenges. This Special Issue of AME effectively cap-
tures the progress, the excitement and the challenges
that lie ahead, and I thank the contributors for sharing
with our community their achievements and vision.
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