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\WWasp societies and nest construction
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The nest is the
center of social life

Paper precessed by
the wasp from
cellulese, water
and saliva

The nest is built
itsell: slowly by
stigmergy

Cooperative
Process
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Colony size affects behavior and
task partition occurs

[ there Is only: one
Individual, 1t must
tundertake each task in
d given sequence

As colony: size
INCreases,
Specialization 6ccurs

In larger colonies
Specialization IS Very.
high.

Karsai And Wenzel PNVAS 1998






The behavior of an individual
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Karsal And Wenzel JiB: 2000

(a) Time line: short-
term flexibility of a
wasp’s activity LW:
land with water, LP:
land with pulp, LN:
land without load,
solid line: wasp on
nest; broken line:
wasp off nest.

(b) Transitions
between different
tasks related to
building for the
same wasp observed
over four days. W:
water foraging, P:
BUIF foraging, B:
uilding.



The behavior of individuals

Relative occurrence of Building and Water collecting for each individual.

AB denotes the
most active
builders.

Circles denotes
individuals who
transported
pulp loads to
the nest
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Tasks, materials and functions
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(b) Pulp , Wasps I Water

Karsai And Wenzel JIB 2000

W: water; P: pulp; S: water saturation



Important concepts of the model

Parameters need to be estimated from real colonies.

No initial differences among Individuals NEcessary.
(Specialization will be emergent).

Explain:many: Wasps doing “noething™ paenemena

Water 1s not only: building material, but also a
regulator.

Tihere is a common stomach of the colony where
water s stored temporarily.

Tihe guantity. off water in the common stomach
regulates the work.

No need: stimulus threshold curves or learning to
explain task fidelity




Material flow and tasks
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Karsai and Runciman 2011 MSMDS



<common stomach

saturation>
Water foragers abWF
recWF
N \‘ A ) <unloading
inWater startWF IIstopWF efficiency rate>
abNB
total population '
\ stopNB
4 -t =
Water common stomach : _
saturation Inactive workers Nest Builders
X -
startNB
- Vv
outWater

startPF
recPF_/
Pulp foragers (PF)

<Nest Builders>

inPulp

Q:Z:»

4

outPulp

<common stomach

saturation>

unloading
efficiency rate

X

Pulp

Karsai and Schmickl 2011 Behav Ecol

yay

P Nest




Prediction of the model

Work groups emerged

Common stomach and task
groups stabilized

This pattern was
iIndependent on the starting
conditions ofi the task
groups or the common
stomach.

Similar task mix was
observed in natural
colonies
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Testing the model

ihe model covered the basic construction operation: of;
the wasps very well

Tihe model is stable anad’ predictive
The task partition is emergent
Parameters came from my: study or literature

Jiesting uses diffierent data from my: study: and
literature

Jlesting idea: the model should repeat the
PErturbation experiments can be found: in the

literature on real colonies (Jeanne, 1996, Karsai and
Wenzel, 2000)



Add water and pulp

Increased construction by different ways
Agree with field experiments?
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Cost of task switching

Time d
Wasps

elay in task switching causes a cost
In transitional state do not work

Wasp Nest \

Building site

Job change transitions

Hamann, Karsai and Schmickl 2013 Bull. Math. Biol.



Cost of task switching
Bifurcation diagrams: lines are fixed point
attractors; areas after bifurcations show: the
range of possible oscillation between min and
max Values (Hopf biftrcation; is about 6)
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Spend Tw on
collection site

Give 1 unit |
of water to L

Became L

Fly to water
source

Spend Tb
on building
site

Receive 1
unit of water
from WF

Agent based

models

a
| Land/Move
b
Became a
forager
Cc
— LandMove

Give pulp to |
L

Receive 1
unit of water
from L

L

Spend Tp on
collection site

g

Became a
forager
Give 1 unit
of water to
FF
Change Y
task? Became L
N
N
Filled crop? Y > Fly to pulp
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Karsai and Phillips 2011 J. Theor. Biol.



Colony level efficiency

COIOny Size and task fidelity

increased as in real
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Simplified study: colony: size 40 and water and
pulp collecting assumed to take the same time

All'pessible task mixes are produced and
Wasps are hot allewed te change

The measured efficiency of that mix (ene dot is
dn averade efficiency. off a given colony.
composition)

Most efficient: 20 laboerer, 10 WFEF and 10 PE

Karsai and Runciman 2011 MSMDS



Organization off work via the
common stomach

Does not heed to assume:

= Demand! driven; system: based on Switching ofi: and
ON Off WOrk: ofi specialized Workers.

s Space limitation of builders

= [hat individualsthave different propensity: to
different job: types

= [hreshold adaptation mechanisms and sigmoid
@SpOoNSe curves

= Learning or ether mechanisms exist at individual
level that ensure task fidelity:



Task partitioning of Ectatomma ruidum

Transporter

Schmickl & Karsai
PLOS ONE 2015




Task partition model based on common stomach

density of prey
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Conclusions

Task partitioning in insect societies is a self-organized process and an
emergent and adaptive way of organizing workflow.

The models were able to predict the basic behaviour and the effect of
perturbations on the real systems.

The model assume very little on the abilities of individuals

The common stomach is also a buffer against environmental fluctuation
and this in turn provides a steadier processes.

Using the common stomach as a regulator and buffer also provides
secondary advantages in the form of additional work that these common
stomach wasps can provide while they hold water, such as patrolling,
defense and so on (they are not really idle, but multitaskers)

The common stomach ensures having highly effective foragers. Both
efficiency and task fidelity increase with colony size. This in turn results in
highly effective foragers. The colony needs to use only a few of these
highly effective foragers; this in turn decrease forager loss.

The material itself provide a direct feedback to the regulation. This is more
robust than response stimulus curves.
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