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INTRODUCTION

Adopting Lyons and Kolter’s minimum requirements for multicellularity (Lyons and Kolter, 2015),
Abada and Segev provide strong evidence that two major groups of phytoplankton exhibit some
of the features associated with multicellular organisms. These minimum requirements are cell-cell
adhesion and intercellular communication resulting in coordinated activity. The authors propose
that phytoplankton may represent “an intermediate state between single cells and aggregates of
physically attached cells that communicate and cooperate.” We find their account of multicellular
features and multicellular examination of programmed cell death (PCD) in phytoplankton to be a
useful approach for understanding PCD in these organisms. However, studying the role of PCD in
this “intermediate” state would benefit from a more structured framework such as the multilevel
selection theory approach to understand both the evolution of multicellularity and the selection
and maintenance of PCD in microbial communities.

COOPERATION AND FEATURES OF MULTICELLULARITY IN

PHYTOPLANKTON

The evolution of multicellularity is the premier example of an evolutionary transition in
individuality, where individuals of one kind form groups that eventually become new kinds of
individuals (Buss, 1987; Michod, 1999). The formation of a cooperative group of single cells,
especially under stress conditions, is an essential first step toward multicellularity (Michod, 1997;
West et al., 2015). Stress is particularly relevant for phytoplankton, which are frequently exposed
to physical and chemical changes in the environment or infected by viruses and bacteria (Bidle,
2016). Abada and Segev cite studies showing that phytoplankton communities respond to stress by
releasing stress signaling molecules, resulting in coordinated activities. They also discuss the role of
the Transparent Exopolymer Particles produced by phytoplankton in the formation of the buoyant
gelatinous layer in the sea surface microlayer, referred to metaphorically as the “sea skin.” They
propose that the sea skin plays a crucial role in facilitating cell aggregation and preventing sinking.
The conditions support the evolution of some of the features of multicellularity. Furthermore,
the proposed role for the sea skin in mediating multicellular assemblages highlights the role
of public goods and cooperation in the transition to multicellularity, which has been addressed
elsewhere (Michod and Roze, 2001). Aggregation and communication are cooperative traits that
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may have evolved to cope with environmental stress,
supporting Abada and Segev’s suggestion that cooperative
units of phytoplankton represent an “evolutionary snapshot
toward multicellularity.”

THE MULTICELLULAR CONTEXT FOR

INTERPRETING PCD

The authors’ view that “phytoplankton populations have
multicellular features that encourage examination of PCD in
phytoplankton similarly to PCD in metazoans” is thought-
provoking. While PCD in multicellular organisms may be
explained by kin selection, microbial communities consist
of genetically unrelated individuals from many taxa, and
so there are many other interpretations and evolutionary
trajectories for PCD (Durand and Ramsey, 2018). PCD is
an important, perhaps even essential, component in the
evolution of multicellularity (Iranzo et al., 2014) but in
microbial communities many other process are at work (e.g.,
niche construction, holobiont evolution, group selection, non-
adaptive evolution due to genetic drift, etc.). Empirical evidence
shows that PCD in phytoplankton may be triggered by a
range of abiotic stress conditions including nitrogen and CO2

limitation, UV light, heat and onset of darkness (Bidle, 2016).
Biotic factors such as viral infection have also been found
to trigger and in some cases recruit the PCD machinery
(Bidle et al., 2007). Furthermore, in aquatic environments
where microorganisms exist in complex communities with
phytoplankton cells, colonies and aggregates (Dang and Lovell,
2016), interactions between bacteria and phytoplankton may
play a role in phytoplankton PCD (Bidle, 2016). A more
structured and formal analysis of PCD in microbial communities
with multilevel selection theory would complement Abada
and Segev’s multicellularity context to evaluate the evolution
of PCD.

MULTILEVEL SELECTION THEORY, PCD

AND PHYTOPLANKTON COMMUNITIES

Multilevel selection theory (MLS) explains how selection can
occur at more than one level of the biological hierarchy at the
same time (Okasha, 2006). Thus, altruistic traits such as PCD
that are disadvantageous at a lower level could be selected for,
if they enable groups of cells to outcompete other groups. In
an evolutionary transition in individuality, MLS could be used
to explain how the interaction between selection at different
levels leads to lower-level units (“particles”) sacrificing their
individuality to become higher-level individuals (“collectives”)

(Okasha, 2006). Using MLS type 1 (MLS1) where the particles
(individual phytoplankton cells) are the focal unit, and the fitness
of the collective is defined as the average fitness of the particles
(Okasha, 2006), an analysis of the multicellular like behavior
would formalize the selection of “an intermediate state between
single cells and aggregates of physically attached cells that
communicate and cooperate.” Durand and Ramsey provide an
MLS1 mathematical examination of PCD using Price’s equation
(Durand and Ramsey, 2018), demonstrating that under certain
assumptions PCD and fitness have positive covariance, thereby
demonstrating that selection for the PCD character occurs at the
group level. We believe that this is better examination than the
multicellular context offered by Abada and Segev. Furthermore,
such an examination may also reveal whether non-adaptive
factors play a role, as suggested by Nedelcu et al. (2011).

CONCLUSION

Abada and Segev propose that phytoplankton “display the
characteristics of a multicellular-like community rather than a
random collection of individuals.” They argue that employing a
multicellular context will lead to an understanding of paradoxical
characteristics of phytoplankton such as PCD. We think this is
helpful, but that a more formal analysis is required to explain the
selection and evolution of PCD in the unicellular world. There are
many more angles to this apparently paradoxical phenomenon in
microbial communities. An MLS1 framework would be useful to
assess the multicellular-like traits in phytoplankton proposed by
Abada and Segev.
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