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Microbial self-recycling and biospherics
Matthias C. Rilliga,b,1

, Janis Antonovicsc, and India Mansoura,b

Microbes are well known as potent recyclers of leftover
biomass in ecosystems, preventing nutrient cycles
from simply getting stuck (1). However, a lot less is
known about how microbes can recycle themselves,
their own biomass. This is highly relevant, because
microbes don’t often find themselves in front of a lav-
ish buffet, but rather have to eke out a living at the
edge of nutrient and energy starvation. In their paper
in PNAS, Shoemaker et al. (2) examine the ability of
populations of bacteria to recycle their own biomass,
elegantly combining long-term experiments with
modeling. The authors enclosed 100 populations from
21 different taxa individually and followed their fate
for 3 y—all in the absence of matter or energy inputs.
They find that almost all populations (except for one)
survived, with extinction times estimated often in de-
cades and far exceeding what would be expected
from individual longevity under conditions of resource
limitation. Thus, in many of the bacterial strains, when
individuals die, living individuals can use the dead bio-
mass of other individuals to increase their own survival
and reproduction, thus greatly prolonging population
persistence.

These results are relevant to many questions in
environmental microbiology. For example, this recy-
cling ability, and thus the ability to maintain oneself
during periods of adversity, may be part of the remark-
able resilience of microbially driven processes (3),
which can frequently bounce back from a range of
environmental insults. Necromass, that is, dead microbial
cells, is increasingly a focus of work on soil organic matter
storage (4, 5), an important ecosystem process, and it
is very important to understand what factors control
the maintenance or disappearance of these dead mi-
crobial remains, including how efficiently microbes
can recycle themselves.

But there is another context in which these results
are highly relevant, and which the authors themselves
mention (2): the realm of microbial biospherics, that is,
matter-closed energy-open microbial miniecosystems
(6) (Fig. 1). A central question in such biospheres is

how cycling of matter can be maintained in the ab-
sence of external subsidies, and the present study is
particularly interesting in this context. Granted, their
systems were, by necessity, not strictly completely
matter closed, because of the need to periodically
sample the bacterial populations, but these quasi-
closed systems can nevertheless provide insights into
potential behavior of populations in the absence of
any obvious inputs in terms of matter or energy, and
that can help propel this field of research.

In their paper, Shoemaker et al. (2) characterize a
rather large set of strains from 21 different species,
and this is one of the features that sets this study apart
in terms of scope and applicability of the results. Some
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Fig. 1. Possible progression of studies of microbial biospherics (matter-closed
microbial miniecosystems), taking the paper by Shoemaker et al. (2), which
examines recycling of microbial necromass of single strains, as a starting point
(A; living bacteria and necromass, i.e., dead bacterial cells). This approach could
be extended to other microbial groups, for example, fungi or protists (B). Using
simple environments, necromass recycling and system persistence could be
explored for species pairs within (C; interacting bacteria and fungi) or across
trophic levels (D; protists feeding on bacteria). Studies could eventually include
more-complex environments (including, for example, artificial soils) and microbial
consortia (E), and even explore the effects of aspects of global change (F; red,
microplastic particles).
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exciting next steps would be to try to extend the approach to
other organism groups. One group that immediately comes to
mind is saprobic fungi, also extremely important decomposers.
Would fungi also be able to “recycle” themselves for such a long
time? Would evolutionary rates be rather different in these often
effectively diploid eukaryotes?

An interesting open question in microbial biospherics research
is the influence of evolutionary processes on system stability/
persistence. The degree to which “evolutionary novelty” will
change the trajectory of such systems, and increase or decrease
their stability, remains unknown, but this study reinforces the ex-
pectation that it is likely: The authors report clear evidence of
evolutionary changes in five out of the seven strains where diver-
gence among replicate populations was studied (2). Furthermore,
rapid evolutionary changes under stressful conditions (7) are well
documented in many systems, and the occurrence of a similar
phenomenon here suggests that simple dynamical modeling
may not be adequate to predict long-term persistence.

It would also be interesting to know the reason for the
differences in the ability of different populations and species to
recycle their own necromass. A logical extension would be to
examine species mixtures, especially those with contrasting met-
abolic abilities (Fig. 1). Will pairs of strains be able to increase
efficiency of necromass recycling, or will particular species inter-
actions degrade the recycling efficacy? Will species interac-
tions, such as cross-feeding, expand or contract the niche space
of component taxa (in terms of, for example, utilizable necromass
components), and how might these interactions affect their evo-
lutionary trajectories (8)?

Another direction would be to take this approach to look at the
effect of environmental heterogeneity on persistence, thus mov-
ing up to understanding a system colonized with a full comple-
ment of a microbial community of decomposers (Fig. 1). One
example would be to introduce single soil aggregates, complex

In their paper in PNAS, Shoemaker et al.
examine the ability of populations of bacteria to
recycle their own biomass, elegantly combining
long-term experiments with modeling.

microhabitats colonized by a range of microbes (9), into such bio-
spheres and study their ability to maintain long-term activity in the
absence of external inputs. Such work would go full circle to the
classical experiments in biospherics (10) that used complex
aquatic systems, like pond water, but scaled down to a much
smaller size. Microbial biospherics systems are also ideal arenas
in which to dig into mechanistic questions about the effects of
global change factors because they can serve as miniature are-
nas in which to investigate changes in community dynamics and
ecosystem functioning. Within such complex communities and
miniecosystems, it will be fascinating to link ecosystem pro-
cess rates to microbial recycling and the fate of individual
populations (11).
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