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REVIEW OF DIVISION OF LABOR
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Where bees repeatedly and non-
randomly perform specific tasks.

In general bees show temporal
polyethizm  where task performance
15 dependent on age and comcident
with the tasks found in the area of
the nest the bee 15 1n.

Young beez perform tasks found in
the center of the nest Middle-aged

beez tend to perform tazks in the
periphery of the nest such az food

processing.  Older bees perform
tasks outzide the nest souch as

foraging.

Social mzect colonies are groops of individeals that live together and reproduce as
a unt. The colony represents a level of crgamization above the individual
organism.

The colony has 1tz own charactenistic morphology, behavior, intemnal
organization, and life history pattern.

Claszical (meaning old) models of colony orgamization focosed on the adaptive
value of social structure.

Recent models treat the social insect colony as a self-organized, decentralized
system (meaning there 13 no central controller) in which behavior emerges from
the independent actions and decisions of workers.

Self-organizing models have been wsed to describe mumerous colony processes,
including homeostazis, mass action responses, and colony construction.

By far the majority of empirical (experimental not theoretical) stwdies testing
various hypotheses of models of division of labor use honey bees; specifically
foraging behavior,

WHAT IS DIVISION OF LABOR.

Division of labor iz where individuals repeatedly and non-randomly perform
specific tasks.
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Y ariation in age

Among the social insects there are two general patterns of division of labor; 1)
temporal polyetlusm (age-related divizion of labor), and 2) morphological
polyethism, in which worker size and/or shape 1s related to task performance.
Honey bees do not show morphological polyethism but many ant speciez do (e.g.
soldier castes).

Early studies foconsed on dizcovering correlations between behavior and worker
age, defining and describing behavioral castes.
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= warcerm| » Thys approach i1s  sofficient for
studies of the ecclogy of division of

labor, but not sufficient for stodies of
mechanizms of division of labor
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1) variation in tazsk performance occurs
o meusoitasr  independent of age
""" 2) under “normal” conditions age may
be a good predictor of tazsk performance
- but 1z a poor predictor of task
performance when colony conditions
e chanoe

( p»»ﬂ""""r

3) as colony labor demand changes
workers show behavieral flexibility,
wisoewesr|  either performing tasks not previounsly
seen in their repertoires, or switching
.. from one task to another.

FORAGING FOR WORK

The foraging for work (FFW) model of division of labor shows how a flexible
division of labor with temporal polyethism could emerge from a simple szet of
rules for individual task performance that 13 not necessarily related to worker age

of 5178,

FFW has two main components; 1) a behavioral algorthm (set of processes or
rules), and 2 a spatial arrangement of tasks.

The behavioral algorithm i1s; 1) perform any task for which there iz a need, 2)
once a task 1z performed, continue to perform the zame task 3) of thos task no
longer needed, move to another area of the nest and attempt to perform tasks
there.

Todts C {1993) Bulletin of Mathematical Brolegy 35 391-018.
Todts C, Franks NE. (1997} Trends in Ecology and Evolution 7: 346-340.
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= Tasks are arranged spatially mn a series

of zones.
,:::;:::;E;::::‘.';:;::: :':'::::::;:;:;::':'::::; » A given tazk can be performed in only
» Tasks are arranged functionally, like a
production line.

» The opportunity toc perform a task
depends on the achwvity of other
workers upstream in the sequence.

= The zone in which a bee seeks work

E depends on how many times she fails
s to find the tazk for her current zone.

the relative number of bees performing
the upstream task, and the availability
of downstream tasks.

- FFW azsumes no intrinsic variabion in task performance among workers.
(Intrinzic here means there iz no physiclogical or genetic variation). This
eszentially means that all workers are viewed as equal Vanation in task
performance 1z generated by vanation in the spatial encounter probabilities for
tasks.

- In thizs model, changes in task performance are driven entirely by the opportunity
to perform a task FFW generates flexible task allocation that vanes directly in
responze to changes in task needs. This means if there 13 a large demand for one
tazk, more bees will perform that task.

. FEFW can theoretically generate temporal polyethizm. New workers emerge in the
brood area of the colony and mihally seek work in that area. The mflux of young
workers tends to force older workers to move away from the center to find tasks.
Older workers die at a higher rate than younger workers, generating a work sink

in the areas mn which they are located.

. FFW has been controversial Crtiques have stated that its assumphon of no
intrinsic (within bee) effects on task performance 1z falsified by physiological and
genetic correlations of temporal polyethism  Simply put, FFW wviews all bees as
equal. Genes or physiclogy are not considered as factors affecting the work a bee
does.

. The level of temporal polyethizm the FFW model can generate has also been
disputed.

. Finally, the argument has been made that a single behavioral algorithm 1z vnlikely
to explamn division of labeor that has evolved i many different ecological contexts.
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