symmetry of green algal coenobia resulting from adaptive
phenotypic plasticity under planktonic life history

1. INTRODUCTION

Phenotypic plasticity is the ability of an organism to produce different phenotypes and change its
observable traits in response to environmental factors (DeWitt et al., 1998). It allows organisms to
adapt to varying conditions to optimize their survival ability (Morales & Trainor, 1997).

Desmodesmus is a genus of green algae from the family Scenedesmaceae (Chlorophyta)
(Guiry & Guiry, 2023). The vast majority of specimens have been described from freshwater
plankton, particularly from eutrophic waters (Johnson et al., 2019). Desmodesmus species are
generally found in nature as coenobium - a simple colony with a defined number of cells with little
or no specialization (Chung et al., 2018). These colonies are most often made up of four cells, but
one, two, eight, or sixteen cells can also be found, usually if a predator is nearby (Liirling, 2003).
Coenobia are typical in their rectangular shape with one or more spines growing from the four
apexes (Dragos et al., 2019)

The coenobia of Desmodesmus are biradially symmetric, which implies that their symmetry
can be observed along several axes, in two planes only. In this case, we observe left-right, vertical,
and transversal symmetry (Martindale & Henry, 1998). In a state of ideal symmetry,
the Desmodesmus coenobia should be as similar to itself as possible after a set of transformations is
applied to it (Savriama & Neustupa, 2010). However, in nature, these coenobia may also display a
significant level of asymmetry, particularly in the region of the apical spines.

This thesis focuses on the asymmetry of the species Desmodesmus communis as a result of
phenotypic plasticity influenced by factors such as water flow, disturbance of the aquatic
environment, and planktonic life history. While past studies have explored asymmetry in response
to grazing pressure or the presence of indole-3-acetic-acid (a plant hormone), the impact of
planktonic life history on asymmetry remains unstudied (Chung et al., 2018; Liirling, 2003). This
thesis introduces a novel approach to understanding asymmetry in Desmodesmus communis,
simulating conditions in disturbed aquatic environments and using geometric morphometrics to
analyze changes in cenobia shape in depth.

The analysis was based on separating one culture of Desmodesmus communis into three
equally sized units. All three units were subjected to three levels of disturbance ranging from none
to constant for 14 days. In these units, a close observation of changes in the shape of each
coenobium was carried out. The hypothesis was that to protect against sinking pressure, coenobia
should form as symmetrically as possible in the environment with the most significant disturbance.
Utilizing a geometric-morphometric analysis involving four symmetry transformations, we assessed
the degree of asymmetry within a single coenobium and compared the degree of asymmetry
between differently disturbed units (Savriama & Neustupa, 2010). The main objective was to
understand how coenobia phenotypes change under different conditions and whether adaptation to
the planktonic lifestyle indeed promotes greater symmetry.

This thesis further describes how coenobia shifted in shape and whether the hypothesis was
confirmed. Using a particular geometrical-morphometric analysis, we were able to decompose the
asymmetry of coenobia along each axis and determine in which axis coenobia are most often
asymmetric. These findings allowed for further development of the hypothesis with results
described in this thesis.



REFERENCES

Chung, TY., Kuo, CY., Lin, W1J. et al. Indole-3-acetic-acid-induced phenotypic plasticity in
Desmodesmus algae. Sci Rep 8, 10270, (2018). doi: https://doi.org/10.1038/
s41598-018-28627-z

DeWitt, T. J., Sih, A., & Wilson, D. S. Costs and limits of phenotypic plasticity. Trends in Ecology
& Evolution, 13(2), 77-81, (1998). doi: 10.1016/s0169-5347(97)01274-3

Dragos, N., Chiriac, C., Porav, S., Sz6ke-Nagy, T., Coman, C., Tordk, L., & Hegedis, A.
Desmodesmus tropicus (Chlorophyta) in the Danube Delta — reassessing the phylogeny of
the series Maximi. European Journal of Phycology, 1-15, (2019). doi:
10.1080/09670262.2018.1558286

Guiry, M.D. & Guiry, G.M. 2023. AlgaeBase, World-wide electronic publication, National
University of Ireland, Galway. https://www.algaebase.org

Johnson, J., Fawley, M., & Fawley, K. The diversity of Scenedesmus and
Desmodesmus (Chlorophyceae) in Itasca State Park, Minnesota, USA. Phycologia, 46.
214-229, (2007). doi: 10.2216/05-69.1.

Lurling, M. Phenotypic plasticity in the green algae Desmodesmus and Scenedesmus with special
reference to the induction of defensive morphology. Annales de Limnologie - International
Journal of Limnology, 39. 85 - 101, (2003). doi: 10.1051/1imn/2003014

Martindale, M. Q., & Henry, J. Q. The Development of Radial and Biradial Symmetry: The
Evolution of Bilaterality. American Zoologist, 38(4), 672—684, (1998).

Morales, E.A., & Trainor, F.R. Algal Phenotypic Plasticity: Its Importance in Developing New
Concepts The Case for Scenedesmus. Algae, 12, 147-147, (1997).

Savriama, Y., & Neustupa, J., & Klingenberg, Ch. Geometric morphometrics of symmetry and
allometry in Micrasterias rotata (Zygnemophyceae, Viridiplantae). Nova Hedwigia, Beiheft,
136. 43-54, (2010). doi: 10.1127/1438-9134/2010/0136-0043



https://doi.org/10.1038/
https://www.algaebase.org

	symmetry of green algal coenobia resulting from adaptive phenotypic plasticity under planktonic life history

