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Abstract Deborah Gordon (Behav Ecol Sociobiol. doi:10.
1007/s00265-015-2045-3, 2016) advocates abandoning the
term “division of labor” (DOL) on the grounds that it
implies a process by which individual colony members
become persistent specialists by virtue of their “essential
internal attributes.” She claims that there is little evidence
for such links, and that continued use of the term distracts us
from focusing on how distributed processing leads to task
allocation (TA) in the colony, which she considers to be
sufficient explanation of how colonies organize work. I
argue instead that the term DOL as understood by most
social insect researchers today is descriptive, useful, and
carries no such implications of process or links to internal
attributes. I suggest that the confusion can be addressed by
recognizing the distinction between the ontogenetic causes of
DOL, which set individuals’ response thresholds (RT) during
their development, and the behavioral and physiological
mechanisms that act in the moment to determine TA via
distributed processing. I further suggest that the term
“specialization” as applied to social insects should be
understood to mean simply “to concentrate on,” without
requiring that it be accompanied by increased performance
efficiency.
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Deborah Gordon (2016) argues that the term “division of la-
bor” (DOL) should be abandoned because it “refers to the
notion that individuals are specialized to perform particular
tasks” by virtue of “essential internal attributes” and thus em-
bodies an explanation for specialization that is based on these
attributes. She also refers to DOL as a “process.” Gordon
further claims that “there is little evidence for persistent indi-
vidual specialization in task,” claiming that DOL is something
“that isn’t there.” Her inference seems to be that all members
of the colony are equally likely to respond to a demand for a
particular task. Finally, she asserts that the phrase is a “mis-
leading way to describe the organization of tasks in social
insect colonies” because it improperly focuses attention on
the behavioral correlates of fixed differences among individ-
uals, and thereby “distracts from the main questions of interest
in current research,” by which she means how interactions
among workers result in task allocation (TA) and give rise to
the collective behavior of the colony. Gordon thus appears to
deny any role for DOL and claims that distributed processing
is a sufficient explanation of how colonies organize work.

I respectfully disagree with these views. I argue below that
Gordon’s claims don’t hold up and conclude that the concept
of DOL occupies a central place in our understanding of the
organization of work in the social insects and should not be
abandoned. I bring to this discussion a perspective somewhat
different from hers, gained from several decades of research
on the social wasps (Vespidae), a group in which morpholog-
ical and size differences among workers are absent and even
queen-worker dimorphism is rare.

Does the term DOL link specialization among colony
members to their internal attributes, as Gordon contends?
Social insect researchers in recent decades have largely ad-
hered to a strictly descriptive definition of DOL, defining the
concept variously as “any behavioral pattern that results in
some individuals in a colony performing different functions
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from others, even if only temporarily” (Michener 1974:119);
“a stable pattern of variation among workers within a colony
in the tasks they perform...” in which “...(a) each worker
specializes on a subset of the complete repertoire of tasks
performed by the colony, and (b) this subset varies across
individual workers in the colony” (Beshers and Fewell
2001:415); DOL implies “that each task is performed by a
particular subset of the workers” (Dornhaus 2008); and “a
statistical pattern in which different individuals perform dif-
ferent functions” (Holbrook et al. 2011:960). These defini-
tions can be distilled down to the following: division of labor
is non-random variation among the members of a social
group in the tasks they perform. That is, there is some degree
of specialization, or polyethism, among group members. The
specialization can be temporary or permanent and can take a
variety of forms, including reproductive division of labor (a
defining trait of eusociality), and division of labor among
workers, including but not limited to morphological, size,
and age-related subcastes. Although it is sometimes difficult
to unambiguously assign colony members to one or another
category, this does not negate the value of defining such cat-
egories in the first place. Even such seemingly discrete con-
cepts as “male” and “female” often lack clear boundaries.

It is important that the terms we use in science to name
biological phenomena and concepts not include any assumed
explanatory process, mechanism, or function. DOL as defined
above and in wide current use meets this criterion. Thus, there
is little evidence in the literature of the past 40 years that the
term has assimilated the baggage Gordon loads onto it, and
she provides no documentation that this has happened. By
claiming that the concept of DOL links behavior rigidly to
morphology or other “internal attributes,” Gordon sets up a
straw man, which she proceeds to knock down to support her
argument that interactions are sufficient to explain why
workers perform the tasks they do. Because the definition of
DOL is silent on mechanism, it leaves us free to investigate all
the possible causes of the phenomenon without bias. DOL
concisely refers to a pattern that is a key component of the
colony phenotype of all social insects; it is useful and should
not be abandoned.

Gordon further claims that there is little evidence for the
persistent individual specialization or “essential internal” dif-
ferences among colony members that she says are implied by
the term DOL. Her implication is that all colony members are
equally likely to respond to a need, and that whether an indi-
vidual responds or not is entirely a function of the distributed
processes behind TA, mediated through interactions with
nestmates and the environment. I believe that this notion arises
from a failure to recognize the distinction between DOL and
TA.

To explore this distinction, it helps to frame it in terms of
the four levels of analysis of causation in biology (Mayr 1961;
Tinbergen 1963; Alcock and Sherman 1994). Analyses at the
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level of “ultimate causes” seek answers to questions about the
phylogenetic history of a trait, and also about the trait’s origin
and maintenance through natural selection, i.e., its adaptive
value. These causes act at the population level over evolution-
ary time. In contrast, “proximate causes” act within the
lifespan of the individual. The two levels of proximate cause
are both critical to understanding social behavior.
“Ontogenetic causes” include the genetic and environmental
sources of input during development that affect subsequent
behavior. “Physiological causes” are the immediate mecha-
nisms behind the performance of a particular behavioral act
at a given moment.

In seeking to understand ontogenetic causes of DOL, we
ask such questions as “What sets an individual’s likelihood of
performing a given role or task within the colony?” and “How
do behavioral differences among individuals arise?” Of the
numerous models of DOL that have been proposed
(reviewed by Beshers and Fewell 2001), the most widely ac-
cepted is the response-threshold model (Robinson and Page
1989). It hypothesizes that workers differ in their response
thresholds (RT) for each task; that is, they vary in their prob-
abilities of performing a given task. RTs in turn are set by
genetics and by environmental inputs experienced during lar-
val development (e.g., nutrition, pheromones, temperature)
(Jeanson and Weidenmiiller 2014). Each individual enters its
adult stage with a unique set of RTs for performing each of the
tasks in the colony’s repertoire; the sets of RTs may vary with
caste. These thresholds do not remain fixed, but are modulated
within limits during adult life by such factors as social context,
age, nutritional state, exposure to primer pheromones, experi-
ence, and learning (Theraulaz et al. 1998; Jeanson and
Weidenmiiller 2014). Thus, the causes behind the interindivid-
ual variation in RTs include everything in the history of the
individual, from its genotype through its larval development
to its experience 3 min ago as an adult. These are the “internal
attributes” that Gordon wants us to dismiss as irrelevant to
understanding how a colony organizes work. In contrast to
Gordon’s view, the array of RTs across the colony’s members
can be seen as the underlying causes that give rise to division
of labor. These ontogenetic inputs, through their setting of
RTs, in effect “prime” colony members to respond (or not)
to the cues and/or signals that can trigger a given behavioral
response.

The second level of analysis of proximate causes is “mech-
anism,” sometimes referred to as the physiology of behavior,
or “causation” in the narrow sense (Tinbergen 1963). In con-
trast to ontogenetic causes, which act over the individual’s
developmental history, physiological causes act in the present.
Causation of behavior at this level includes the properties of
the external signals and cues that trigger a behavioral response
(i.e., that cause a change in the individual’s behavior) as well
as all aspects of the sensory-integrative-motor pathways in-
volved in the initiation and performance of the behavior.
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Gordon’s interindividual interactions fall into this category.
Environmental conditions that do not directly trigger a re-
sponse may also be important in determining whether a re-
sponse will occur. For example, the rate of nest construction
behavior in tropical social wasps is positively correlated with
relative humidity (Loope and Jeanne 2008). Social context is
also important: single, isolated worker honey bees, for exam-
ple, will not respond to alarm pheromone (Robinson 1987),
and in social wasps, the RTs for defensive behavior decrease
as the colony’s investment in brood increases (London and
Jeanne 2003).

The two levels of proximate causation—ontogeny and
physiology—are logically as discrete as past and present. In
arguing that “‘(t)ask allocation’ extends ‘division of labor’ to
explain what each worker is doing at a given moment as a
response to social interactions and external stimuli, as well as
the consequence of internal characteristics of the worker,”
Gordon at best blurs this distinction, and at worst seems not
to recognize or accept that ontogenetic causation plays any
role at all in determining which individuals perform what
tasks.

Gordon goes on to claim that the phrase DOL is misleading
because it distracts us from the main questions of interest in
current research—the interactions among individual colony
members that give rise to TA through distributed processes.
First, this fails to acknowledge all the active investigation
going on into ontogenetic causes of DOL. Second, even if
we explained everything we could by analyzing worker-
worker interactions, we would still be left with such questions
as “What causes some ant workers to remain near the nest
entrance where they may respond to interactions with
nestmates by beginning to forage, whereas others reside
deeper in the nest and out of range of those interactions?”
For answers, we have to go back to investigating their devel-
opmental history, as described above, to understand the causes
of differences in RTs. RTs influence task allocation through
interactions. The interplay of RTs with nestmate interactions
and other sources of sensory input manifests itself as division
of labor. To put all the focus on interactions cannot provide a
complete understanding of the organization of work in the
colony.

Turning to ultimate causes, in her Section 2 (“Division of
labor and distributed processes”) Gordon expresses skepti-
cism regarding the evidence in support of the fitness benefits
of specialization. Citing Wilson’s (1980) finding that leaf-
cutter (Atta sexdens) workers with head widths of ~2.2 mm
are more efficient at cutting hard leaf tissues than are larger or
smaller nest- mates, she challenges his conclusion that this
specialization is adaptive at the colony level on the ground
that Wilson did not directly test its effects on colony fitness.
She goes on to assert that the enhanced efficiency of morpho-
logical specialists cannot explain the evolution of such spe-
cialization because most ant species lack strong

polymorphism. Such an argument is akin to claiming that
the evolution of eye spots on the wings of some moth species
cannot be explained by their advantage in defense because
most moth species lack eye spots. This is hardly the way to
advance the field. If Gordon has an alternative, testable hy-
pothesis for the selective advantage of worker polymorphism,
she should propose it. Meanwhile, numerous other studies
have demonstrated task-performance efficiency gains associ-
ated with worker size and morphological subcastes (e.g.,
Porter and Tschinkel 1985; Kay and Rissing 2005; Tschinkel
2006; Mertl and Traniello 2009).

Division of labor entails specialization, a term that may
itself carry some baggage. To require that the specialist be
more efficient or more reliable at a task than a non-specialist
is unnecessarily limiting. Again, we are better off if we define
terms so as not to ascribe to them any such restrictive quality.
To “specialize” should simply mean to concentrate on, with-
out requiring that the concentration be permanent, linked with
a particular morphology, or come with a higher task-
performance efficiency (Oster and Wilson 1978; Fewell
et al. 2009). Such a general, descriptive definition leaves a
path open to hypothesizing all the possible ways that concen-
trating on a limited set of tasks might be adaptive. Benefits to
the colony accrue in ways other than via enhanced individual
performance efficiency, such as by increasing overall efficien-
cy through task partitioning (Jeanne 19864, b; Ratnieks and
Anderson 1999). A human analogy that is more realistic for
social insects than Gordon’s permanently specialized
candlemakers and shoemakers is two people engaged in
repairing the chimney of a house. Their first task is to get
the bricks to the roof. The non-specialized method for
accomplishing this is for each person to repeatedly carry loads
of bricks up the ladder, which requires each to expend the
energy to ascend and descend the ladder carrying the bricks
as well as his own weight, not to mention dealing with the
bottleneck when they meet at the ladder. The alternative is to
specialize via task partitioning: one person remains on ground
and hands or tosses bricks to the other on the roof. This ap-
proach reduces the overall cost of the operation in both time
and energy. An important point is that the benefit does not
require that each person is able to do one task better than the
other, or that they specialize permanently; they could switch
jobs halfway through without losing the ergonomic advantage
of this way of organizing the task. An example of this kind of
specialization among social insects is “bucket brigading,”
known for a few species of ants and termites (Hubbell et al.
1980; Anderson et al. 2002). Another way specialization in-
creases overall efficiency without increases in individual task-
performance efficiency is via the demographic advantage of
age polyethism. Allocating the riskiest tasks (typically forag-
ing) to last in the age-polyethic sequence maximizes worker
longevity (Jeanne 1986a; Tofilski 2002, 2006). These exam-
ples show that division of labor can lead to efficiency gains at
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the colony level, even in the absence of the specialists’ being
“better at” the task they specialize on.

So what is division of labor? It is a descriptive name we
give to a defining colony-level phenotype of social insects.
According to how most researchers use the term, it carries
none of the implications of process or mechanism that
Gordon wishes to burden it with. By adopting an extreme
and unfounded interpretation of what DOL is, Gordon tries
to argue it out of existence, then sends distributed processing
and task allocation in to take its place. Instead, distributed
processing/TA acts on the range of RTs among colony mem-
bers to give rise to the DOL that we can observe and measure
in a colony. Rather than being fixed attributes, RTs are prob-
abilities of response that are roughly set during development,
but are modifiable in the adult by age and experience. Task
allocation, in contrast, acts in the moment, at the physiological
level of causation. It is a mechanism through which cues,
signals, and social interactions elicit responses by workers to
contingencies facing the colony. A worker’s response in a
particular situation becomes the most recent addition to its
ontogeny and has the potential to modulate its RTs, however
slightly. Far from distracting us from a focus on how individ-
uals interact with one other and with the environment, DOL
and its underlying causes are essential parts of a complete
understanding of how social insect colonies function.

Acknowledgments I thank James Traniello and two anonymous re-
viewers for their help in improving the manuscript.

References

Alcock J, Sherman P (1994) The utility of the proximate-ultimate dichot-
omy in ethology. Ethology 96:58-62

Anderson C, Boomsma JJ, Bartholdi JJ (2002) Task partitioning in insect
societies: bucket brigades. Insect Soc 49:171-180

Beshers SN, Fewell JH (2001) Models of division of labor in social
insects. Annu Rev Entomol 46:413-440

Dornhaus A (2008) Specialization does not predict individual efficiency
in an ant. PLoS Biol 6:2368-2375

Fewell JH, Schmidt SK, Taylor T (2009) Division of labor in the context
of complexity. In: Gadau J, Fewell JH (eds) Organization of insect
societies: from genome to sociocomplexity. Harvard University
Press, Cambridge, pp 483502

Gordon D (2016) From division of labor to the collective behavior of social
insects. Behav Ecol Sociobiol. doi:10.1007/s00265-015-2045-3

@ Springer

Holbrook CT, Barden PM, Fewell JH (2011) Division of labor increases
with colony size in the harvester ant Pogonomyrmex californicus.
Behav Ecol 22:960-966

Hubbell SP, Johnson LK, Stanislav E, Wilson B, Fowler H (1980) Foraging
by bucket-brigade in leaf-cutter ants. Biotropica 12:210-213

Jeanne RL (1986a) The evolution of the organization of work in social
insects. Monit Zool Ital NS 20:119-133

Jeanne RL (1986b) The organization of work in Polybia occidentalis:
costs and benefits of specialization in a social wasp. Behav Ecol
Sociobiol 19:333-341

Jeanson R, Weidenmiiller A (2014) Interindividual variability in social
insects—proximate causes and ultimate consequences. Biol Rev
Camb Philos Soc 89:671-687

Kay A, Rissing SW (2005) Division of foraging labor in ants can mediate
demands for food and safety. Behav Ecol Sociobiol 58:165-174

London KB, Jeanne RL (2003) Effects of colony size and stage of devel-
opment on defense response by the swarm-founding wasp Polybia
occidentalis. Behav Ecol Sociobiol 54:539-546

Loope KJ, Jeanne RL (2008) A test of adaptive hypotheses for rapid nest
construction in a swarm-founding wasp. Insect Soc 55:274-282

Mayr E (1961) Cause and effect in biology. Science 134:1501-1506

Mertl AL, Traniello JFA (2009) Behavioral evolution in the major worker
subcaste of twig-nesting Pheidole (Hymenoptera: Formicidae): does
morphological specialization influence task plasticity? Behav Ecol
Sociobiol 63:1411-1426

Michener CD (1974) The social behavior of the bees. A comparative
study. Harvard University Press, Cambridge

Oster GF, Wilson EO (1978) Caste and ecology in the social insects.
Princeton University Press, Princeton

Porter SD, Tschinkel WR (1985) Fire ant polymorphism—the ergonom-
ics of brood production. Behav Ecol Sociobiol 16:323-336

Ratnieks FLW, Anderson C (1999) Task partitioning in insect societies.
Insect Soc 46:95-108

Robinson GE (1987) Modulation of alarm pheromone perception in the
honey-bee—evidence for division-of-labor based on hormonally
regulated response thresholds. J Comp Physiol A 160:613—619

Robinson GE, Page RE (1989) Genetic basis for division of labor in an
insect society. In: Breed MD, Page RE (eds) The genetics of social
evolution. Westview Press, Boulder, pp 61-80

Theraulaz G, Bonabeau E, Deneubourg J-L (1998) Response threshold
reinforcement and division of labour in insect societies. Proc R Soc
Lond Ser B Biol Sci 265:327-332

Tinbergen N (1963) On aims and methods of ethology. Z Tierpsychol 20:
410-433

Tofilski A (2002) Influence of age polyethism on longevity of workers in
social insects. Behav Ecol Sociobiol 51:234-237

Tofilski A (2006) Influence of caste polyethism on longevity social insect
colonies. J Theor Biol 238:527-531

Tschinkel WR (2006) The fire ants. Harvard University Press, Cambridge

Wilson EO (1980) Caste and division of labor in leaf-cutter ants
(Hymenoptera, Formicidae, Atta). 2. The ergonomic optimization
of leaf cutting. Behav Ecol Sociobiol 7:157-165


http://dx.doi.org/10.1007/s00265-015-2045-3

	Division of labor is not a process or a misleading concept
	Abstract
	References


