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Notation independent Schmidt matrices
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WMM aﬁzawmg Bﬂ,ﬂ\ix may be used to calculate multiple alignments and phylogenetic tree
nstruction. We note that maximization of the ic i i
! : phylogenetic information
{2], also leads to a unique notation independent distance matrix. content, FIC

Discussion

T . . .
now,_w %».aMm:MMM nrnmsmmm wM implemented in an integrated amino acid sequence analysis
eoll barton |3]. Our solution always uses the sa lgebraic di i
acid distances. The presented con i S of rims s mecs of smino
. . cept improves the analysis of amino acid
: . sequen
also improves Schmidt’s general classification method for binary charaéter mwﬁwn Fes but
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Abstract
We propose a simple model for interactive structure formation based on active Brownian
particles which have no memory. Just by responding to chemical gradients, these particles first
explore the surface to discover food sources unknown to them, and then create trails between

the nest and these sources, commonly used for movement.

1. Biological Observation
The formation of complex trail patterns is a widely observed phenomenon in ants colonies
commonly foraging for food from a central nest. In addition to visual navigation and internal
storage of information, different ant species are capable of external storage of information,

e.g. by setting chemical signposts (pheromones), which are used to mark the trails. In this
paper, the problem is discussed whether these trail patterns could be also obtained under the
restrictions, that (i) no visual navigation and internal storage of information is provided. (ii) in
the beginning, no chemical signposts exist which lead the animals to the food sources and
afterwards back to the nest.

The phenomenon considered in this paper, is based on two different stages, (i) exploration of
the food sources by solitary scouts, and (ii) recruitment and exploitation of the food sources.
Along this recruitment trail nest mates will move in a single file, one behind the other (and not
in a swarm raid) from the nest to the newly discovered food source and transport it to the nest.
This foraging behavior is, to a certain extent, different from that of the army ants which has

been simulated recently [1].

2. Model
We propose a simple model for interactive structure formation based on microscopic local
interactions between active Brownian particles which have no memory. These particles are
able to generate a self-consistent field, which in turn influences their further movement and
physical and chemical behavior. The analytic description is based on Langevin- and Fokker-
Planck equations for the active Brownian particles, coupled by reaction-diffusion equations for
the self-consistent field. Active Walker models have been previously used within a physical
framework to describe different kinds of pattern formation {3,5,6]. In the considered case, the
particles are able to change the conditions of the surface they are moving on by producing two
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oso@om_ substances, which can decay again by decomposition. The particles respond to the
gradients of these chemicals by changing their moving direction. Further, the particles have an
internal degree of freedom which determines the kind of chemical produced and responded to.

This internal parameter can be changed by an interaction between the particles and some
nodes, which represent the nest and the food sources.

3. Results

Using the basic version of the model where the active particles only produce and respond to
one kind of chemical substance, we are able to simulate track patterns, which are non-directed
trails mainly used by the active particles for their movement (cf. Fig 1, left part). In the
extended version, the active particles produce and respond to two different kinds of chemicals.
This mode! simulates the formation of directed trails, which connect a starting point (nest)
with other points of interest (food sources on the top and the bottom of the lattice, cf. Fig. I,
right part) that have to be discovered before. In particular, the typical dendritic foraging
patterns of desert ants, reported in [2], are reproduced by the simulations.

Fig. 1 Examples of non-directed (left) and directed (right) trail networks generated by active
Brownian particles (for parameters see [4])

It turns out from the computer simulations (video) that, for different distributions of food
sources, the model generates a distinctive trail system commonly used by the particles to
exploit the food sources, and performs a high flexibility in order to discover and to link new
sources to the trail network. During the evolution of the trail system we can distinguish
between two different stages: the first one is a rather random movement of the active particles
dropping chemical almost everywhere, and no trail exists. But during the second stage, a
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distinct major trail appears, which is re-amplified by the active particles moving for- and
backwards on the trail. Thus every trail has to survive a competition process, where trails not
amplified enough by the active particles disappears again.

4. Discussion
In the model provided, the spontaneous formation of a collective trail system can be described
as a self-organizing process, based on the interactions of the active particles on a local or
"microscopic” level, which could lead to the emergence of the structure as & whole on the
global or "macroscopic” level. The major difference to biology is denoted by the fact, that the
active Brownian particles used in the simulations, have far less complex capabilities than the
biological creatures. They rather behave like physical particles which respond to local forces in
a quite simple manner, "knowing” nothing else than the local concentration of a chemical.
With respect to the formation of trunk trails, this could indicate, that visual navigation and
information storage does not nesseccarily have to be indispensible presumtions to obtain those
advanced and efficient foraging patterns. Our model therefore may serve as a toy model to test
what kind of interaction between individuals may lead to a trail system and what are the

minimal conditions for its existence.
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