Convection Pattern Formed by Photosensitive Microorganisms

Nobuhiko J. SUEMATSU
Meiji University, MIMS
Euglena is one of the photosensitive microorganisms. It has been known that culture of Euglena
forms macroscopic convection pattern, which is called “bioconvection,” with strong light illumination
from the bottom. In this presentation, I would like to introduce to the bioconvection pattern of

Euglena and to show how to control it.
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Self-organization of
microbial communities designed by

dose-responserelationships
Sohei Tasaki

Tohoku University

We report microbial (Bacillus subtilis) self-organization embodying a growth and survival strategy
against environmental perturbation, and present a prediction model for the macroscopic spatio-

temporal dynamics.

We also show that the strategic self-organization is designed by dose-response correlations between

environment and microbial activities.
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Collective motion of self-propelled particles with memory of rotation rate

Ken Nagai
Japan Advanced Institute of Science and Technology
Some kinds of self-propelled particles, such as mycoplasmas, keep their rotation rate for a while.
Using agent-based models and dynein-microtubule motility assays, we investigated the dependence of
the collective motion of self-propelled particles on the correlation time of rotation rate. As a result, we
found various phases caused by the finite

correlation time of rotation rate, such as vortex lattice, soliton phase, and so on.
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Collective dynamics of skeins of geese and its stability

oo
Yoshinori Hayakawa
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Center for Information Technology in Education, Tohoku University, Sendai 980-8576, Japan
Email: hayakawaQcite.tohoku.ac.jp

In nature, animals often exhibit varieties of collective behavior in group, such as herds
of quadrupeds, flocks of birds, and schools of fishes, which can be considered as an effective
strategy to adopt the environment they live. Although such behavior is highly complicated
and unsteady in general, under some appropriate space and time scales, one may expect
that the dynamical behavior of individuals in a group and/or the motion of whole group
can be understood in terms of some mathematical formulae with social interactions among
members. Aiming to describe such collective dynamics of animals from the physical or
mathematical point of view, we have studied the coordinated flight of wild geese in the
northern region of the main island of Japan.

It is believed that large-size birds such as geese can reduce the energy required for
flight by taking advantage of the upwash component of trailing vortices created from the
leaders’” wings. As a result, during their flight, they tend to merge forming a characteristic
one-dimensional structure, which is often referred as skeins. On the other hand, skeins of
geese may break into two or more sub groups due to destabilizing factors. In appropriate
conditions under which large populations of geese exhibit dynamical rearrangements by
repeated mergers and splits among the groups, we found that the distribution function
in group size s is represented as f(s) = As* lexp(—bs), where a = 0.58,b = 0.041.
Based on observations, we propose a mean-field model for the group-forming processes
of geese in terms of the Smoluchowski equation of coagulation with fragmentation and
plausible kernels. We derived the asymptotic form of the steady-state solution giving a
good agreement with the group-size distribution as above. Furthermore, we estimated the
effective number density of geese by comparing the model with field data [1]. Our study
suggests that biological information processing like brain functions seems to be irrelevant
to the adjustment of group size, at least, in the case of geese where large populations are
involved.

When the size of skeins becomes large, even a single linear formation in skeins is not
simply static but dynamic in space and time, and we can observe positional fluctuations
propagating unidirectionally from front to back through skeins [2]. One may expect
that such dynamical behavior originates from the excitation of the collective mode which
intrinsically resides in the interacting many body system. Quantitative estimation of
effective interactions, such as the magnitude of force, interaction range, response time,
etc., would be the keys to understand this. Although one could hardly measure the
force actually acting to flying birds, from their trajectories, we might be able to estimate
how individuals in a skin regulate their position and velocity. In line with this idea, we
developed a portable stereo camera system designed for field measurements for trajectory
of individual birds in flocks.

Using the stereo camera system, we analyzed the time-dependent mutual positions
between neighbors as well as response time of followers to leaders. We also scrutinized oc-
casional events in which an outside goose joined in a skein of geese to become a member of
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the skein or a member suddenly broke away from a skein. We found that only the trailing
individuals changed their position to readjust the formation during such process, while
individuals in front of the joining or escaping goose did not. This indicates that interac-
tions are asymmetric; leading birds are affected less by the actions of the followers than
the other way around. Furthermore, spatiotemporal analysis suggests that the trailing
individuals loosely synchronize their wing beat in the way that the flapping oscillation of
nearest neighbors tends to becomes in-phase at the same position in the flight direction,
in a similar way as the navigation of flight of hooded gulls [3]. Based on the obtained
field measurements, we proposed a phenomenological equation of motion for the collective
flight of geese and discussed the conditions for the stability of a collective flight.
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Equation-free analysis of collective behavior in particle models

Jens Starke
Queen Mary University of London,
School of Mathematical Sciences
The coarse behavior and its parameter dependence in complex systems is investigated. For this, a
numerical multiscale approach called equation-free analysis is discussed. The method allows to
perform numerical investigations of the macroscopic behavior of microscopically defined complex
systems including continuation and bifurcation analysis on the coarse or macroscopic level where no
explicit equations are available. This approach fills a gap in the analysis of many complex real-world
applications including particle models with intermediate number of particles where the microscopic
system is too large for direct investigations of the full system and too small to justify large-particle
limits. An implicit equation-free method is presented which reduces numerical errors of the analysis
considerably. It can be shown in the framework of slow-fast dynamical systems, that the implicitly
defined coarse-level time stepper converges to the true dynamics on the slow manifold. The method
is demonstrated with applications to particle models of traffic as well as pedestrian flow situations.
The results include an equation-free continuation of traveling wave solutions, identification of saddle-

node and Hopf-bifurcations as well as two-parameter continuations of bifurcation points.



Dynamics of fish schools: rapid and slow time scales

Masa-aki Sakagami and Kei Terayama
Graduate School of Human and Environmental Science
Kyoto University
From the view point of time scale, we investigate dynamics of fish schools by analyzing the
moving images filmed from the bottom of a tank of an aquarium. We focus on torus state of sardine
schools among several ones of group, i.e. swarm, torus and parallel states.
In this talk, we discuss quite different time scales of dynamics of fish schools. one is related to
their swift responce to predation, which are known as two activities, burst and agitation. Thier

propagation speed are from 10 to 100 times faster than the usual swimming speed of individual fish.

Another time scale is dynamical time, within which fishes in torus have single rotation around
center. In this time scale, we can observe collective motion of fish schools, which have universal

natures.

Dynamics of fish schools: rapid and slow time scales
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Collective effect in motile cyanobacteria

Atsuko Takamatsu
Department of Electrical Engineering and Bioscience,
Waseda University
A group of cells interact to form a macro structure accompanied by biological functions during
morphogenesis. In this study, collective cell movement of motile cyanobacteria, Pseudanabaeba, sp.,
was investigated. The bacteria chained in a line glide on agar medium surface. We found that the
collective bodies show a variety of colony patterns and movements: Single strands, bundles, and
comet-like colonies show translational movements: Disk shaped colonies show rotating movement.
Additionally, transitions among the patterns were observed. Combined with the analysis by a self-
propelled particle model, we found that not only cell-cell interactions but also cell-environment
interactions are key factors for the dynamical pattern formation. Further the biological functions of

the colony morphologies will be discussed.
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Kinetic analysis of bird flocks

Tsuyoshi Mizuguchi
Osaka Prefecture University
Flying bird flocks show various kinds of behaviour such as V shape formation flight by migratory
birds or "murmuration" by starlings. Recent detail observations of real flocks shed light on several
properties of these collective behaviour. In this talk, we report analyses on the kinetics of black

headed gull and pigeon flocks from the viewpoint of leader follower relationship.
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Quorum sensing and excluded volume effects in the single and collective
motion of Dictyostelium discoideum cells

Joseph d'Alessandro’, Charlotte Riviére®, Christophe Anjard*, Alexandre Solon?,
Yoshinori Hayakawa®, and Jean-Paul Rieu®

! Université de Lyon:; Institut Lumiére Matiére, ILM-UMR 5306, CNRS, Université
Lyon 1, Villeurbanne, F-69622, France
Université Paris Diderot, Paris 7, Laboratoire Matiére et Systéme Complexes, MSC-
UMR7057, CNRS, Paris, F-75205, France
3Center for Information Technology in Education, Tohoku University, Sendai, Japan

* jean-paul.rieu@univ-lyonl.fr

The dynamics and regulation of cell motility at the population scale is of great
importance in various phenomena, either for unicellular - colony growth - or
multicellular organisms - development, tumor invasion... We use Dictyostelium
discoideum as a model system to study how some of the cell migration properties
are affected by the collectivity. Dictyostelium discoideum is an amoeba that lives in
forest soils. It usually follows a classical unicellular lifecycle, while feeding mainly on
bacteria (growth phase). In starvation conditions, the cells aggregate and undergo a
multistep developmental cycle involving signal relay, collective motion, cell
differentiation and multicellular morphogenesis, eventually forms spores that can
invade new environments. On one hand, the collective phenomena leading to the
emergence of population dynamics in the developmental stage have been widely
studied, and are still hot research topics [1]. On the other hand, the same cells in
growth conditions (vegetative cells) have been mostly studied in isolation for their
single cell properties. We have shown recently that the motility of vegetative cells is
down-regulated by a quorum sensing factor (QSF) secreted by the cells that
accumulates in the medium [2].

Our research focuses on the rules that govern the behavior of single
vegetative cells to small colonies of cells. Therefore we investigate the mechanisms
of cell to cell interactions, and their role in the ensemble properties in various fresh or
conditioned nutrient-rich conditions, with various mutants, using large scale time
lapse microscopy, automated cell tracking and statistical analysis. On one hand, we
are investigating the signaling pathways associated with this QSF response. On the
other hand, to investigate the interplay of proliferation, random motion and cell-cell
interactions in the collective dynamics of a population of cells, we make model
circular micro-colonies of controlled shape, dimensions and density using PDMS
microstencils technique [3]. We show that this simple system enables to record a
rich set of data both at individual scale (cell division, trajectories and MSD) and at a
population scale (density, fluxes, colony radius).

The spreading of the colonies is density-dependent, with an increase in
spreading rate with density (Fig. 1 B,D). In addition, at short times, we clearly show
the apparition of a net radial velocity, indicating that the spreading of the colonies
cannot be modeled by simple Brownian diffusion with division. This effect may be
related to “Contact Inhibition Locomotion” mechanisms already reported [4,5], as
well as modification of cell persistence upon contacts with other cells. The
experimental results obtained were compared to individual-based simulations of



active brownian particle. To be able to reproduce experimental results, active
asymmetric reorientation has to be taken into account. We suggest a model where
short-range interactions alone can account for short-times collective effect, while
guorum-sensing factors are dominating at long times.
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Figure 1: (A) Example of initial micro-colonies of <Ny>=318 cells, initial diameter is
320 um, after image binarisation (each black dots correspond to an individual cell),
(B) Initial normalized cell density as a function of radius R, for different initial cell
number <Np>, (C) Example micro-colonies spreading after 150 min for <Ny>=318
cells, (D) Normalized cell density as a function of radius R, for t=150 min.
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