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Abstract The decision-making behavior of individuals is limited by a lack of informa-
tion and a limited capacity to process information. When seeking locations to construct
a hive, the honeybee Apis mellifera collectively succeeds at overcoming these individ-
ual limitations and, thus, arrives at (nearly) optimal decisions. This article examines
the behaviors and coordination mechanisms that have reinforced this trait in the course
of evolution. We consider what lessons might be learned concerning human behavior
and how better decisions can be made.
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1 Introduction

Individuals face a variety of choices every day that vary in their complexity. In trivial
everyday decisions (such as selecting consumer goods during the weekly shopping
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trip to a supermarket), this is a less complex process associated with minimal infor-
mation gathering and modification costs. In contrast, the choices of one’s career path
or life partner are often considered as important decisions with likely long-term con-
sequences. The prerequisites for being able to make the best possible decisions are
both having full information and the ability to process it. Due to the ever-growing,
barely manageable flood of information available through sources such as the Internet,
it has become almost impossible to extract all relevant information. This suggests that
individuals can generally only be partially informed about their surroundings.

Information becomes available sequentially (i.e., information, which is relevant to
a decision, has the potential, ceteris paribus, to increase over time). The result then
becomes a (recurring) problem of weighing the available information: on the one
hand, the decision makers can stop collecting information and make a choice. On the
other hand, they can seek additional information and then stop collecting information
later. The latter may increase the quality of the decision of an individual. However,
the marginal utility of additional information decreases over time, while the marginal
costs rise disproportionately.

This is particularly evident in medicine. For example, in emergencies where patients
are in mortal danger due to some acute state, doctors are unable to take the kind of com-
prehensive medical history that would be necessary to determine the optimal course
of treatment. If, for example, a serious traffic accident makes an immediate operation
necessary to ensure the patient’s survival, the attending ER physician immediately
initiates the surgery based on the diagnosis relevant to the operation at hand. In such
an acute state, the ER physician is hardly going to request the patient’s entire medical
record and list of prescriptions from the primary care physician.

Simon (1957) refers to the lack of information about the relevant environment
and limited capacities to process the available information as bounded rationality.
The human organism will therefore rely on heuristics (i.e., simple rules for making
decisions) (Gigerenzer and Selten 2001; Gigerenzer et al. 2011). Contrary to the opti-
mization assumption of rational choice theories, the human does not strive for the
optimal choice, but rather the one that is satisfactory.

These limits apply not only to humans, but also to the honeybee Apis mellifera native
to Central Europe. A single individual does not have the capacity for comprehensive
information gathering and processing. The use of the term “colony” may be misleading,
as it might imply the association of individual bees; rather, the colony functions more
as a single superorganism despite the large number of individual animals (about 50,000
honeybees). Translated to humankind, one could say that the worker bees represent the
body, defense, and digestive organs of this one superorganism. The queen corresponds
to the female reproductive organ and the male bees (drones) are the male reproductive
organs. The bees’ outstanding ability to act as a single organism requires a high
degree of communication abilities. In the genus Apis mellifera, this communication is
conducted via pheromones, waggle dances, and trophallaxis, the social exchange of
food (Wainselboim and Farina 2000; Seeley et al. 2006; Holldobler and Wilson 2009).

During the months of May and June, various triggers (such as the strength of the
colony, the spaciousness of the hive, the supply of honey plants, and the weather)
cause the division of the colony by swarming. Swarming is a vegetative reproduction
process of honeybees. Approximately 70 % of the bees (a swarm) leave the colony
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with the queen who has regained her ability to fly. Those who stay back are worker
bees and fertilized queen cells (Zeiler 1989; Tautz and Heilmann 2007; Rangel and
Seeley 2012). The swarm leaves the ancestral nesting site and sets out in search of
a new suitable cavity. Selecting the appropriate nest site can be regarded as essential
for the swarm, because its continued existence depends largely on the quality and
suitability of the new nest site.

The nest site must meet various requirements: the bees need adequate protection
against rapacious predators and unfavorable weather conditions as well as sufficient
space to allow further breeding and store the honey as nutriment needed in winter
(Bichtler 1958; Zeiler 1989; Seeley 2014). If the results of the search are less than
adequate, the colony is less likely to survive.! The decisions dependent to a successful
search for a nest site therefore determine the honeybee colony’s survival. Therefore,
one can assume that evolutionary processes (Weibull 1995; mutation mechanisms and
selection mechanisms) have led the genus honeybees to develop successful mecha-
nisms and strategies to make such decisions optimally within the collective.

The colony’s common goal consists of selecting a suitable spot for its new abode.
For this purpose, the entirety of the individuals must come to a joint decision. Bees
provide us with an example of mechanisms in which group decisions are not only
successful, but also more successful (superadditive) than individual decisions. The
colony, by cooperating with a division of labor and communication together with
some competition, manages to increase the resources available. In addition, the bees
are capable of correcting errors. This kind of learning is a prerequisite for a successful
search for the appropriate nest site and, therefore, a crucial condition for the survival of
the Apis mellifera species. Bees perform these tasks sequentially from the individual
perspective, but in parallel from the collective perspective.

Against this background, we address the following research questions:

(1) What challenges does the honeybeeApis mellifera face in its search for a nest site,
and what mechanisms often allow not only good, but optimal decisions to be made
collectively?

(2) How are the decision behaviors of bees similar to and different from bounded
rational individuals or the Homo oeconomicus?

(3) What can human beings as individuals or as groups learn from how bees organize?

2 The nest site selection of the honeybee Apis mellifera

2.1 Challenges

After the swarm has left the original parental hive, it sets up temporarily in a suitable
place nearby from which scouts start to search for a suitable nest site (Schlegel et al.
2012). A variety of challenges must be overcome in the shortest possible time. The
key challenge is not only to identify potential nest sites but also for the collective to

1 Unlike many insects that overwinter as individual eggs, larvae, or pupae in a state of hibernation, bees
spend their winters awake. In the hive, we find an approximately constant temperature even in winter.
The bees come together to create a winter cluster, allowing heat to be exchanged from bee to bee. Thus,
temperatures of more than 10°C can be reached within the cluster, keeping the bee from torpor, which
causes death due to hypothermia (Bichtler 1958; Seeley 2014).
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find the optimum site. It is also important that the swarm’s decision is unanimous. If
the individuals are unable to agree on a common nesting site, the swarm is under the
threat of splitting. This would mean a significant loss of resources, which significantly
reduces the swarm’s likelihood of survival.

The following determinants are important when deciding on a nest site (Zeiler 1989;
Seeley 2014):

suitable size (for breeding and the storing of nutriments);

suitable entrance;

adequate protection from predators (for the bees themselves; and the stored honey);
and

protection against weather.

The swarm has to decide relatively quickly because the swarm is only capable of
carrying enough food for about three days (in the form of honey reserves).

2.2 How honeybees Apis mellifera behave in the nest site selection process

The common goal of the colony is to select the most suitable nest site. Although
individual differences exist among the bees, the “preferences” of the bees can, for
the sake of simplicity, be considered as homogeneous (preferences, such as nest size,
height above the ground, location of entrance). Conditioned by their genetic markers,
the scouts evaluate the absolute quality of nest sites and do not compare them in
relation to other possible nest sites.

During this search, several hundred scouts fan out over a wide area to identify
potentially suitable nest sites. It is noteworthy to say that the individual identity of a
single scout bee does not matter because they live in large groups with well-aligned
agendas. Thus, the cooperative behavior of the bee colony makes the individual rela-
tively anonymous. If a scout has found a hive she considers appropriate, she flies back
to the swarm. She then communicates her discovery to the other neutral scouts via
waggle dances (Oeser 1962; Frisch 1965; Seeley 1977, 1995; Degen et al. 2015). She
does not only communicate information about the distance and direction, but also her
assessment of the quality of the potential nest site. The more intensely she dances,
the higher the scout bee evaluates the potential nest site (Srinivasan 2011). Informa-
tion about potential nest sites in varying qualities arrives at different times (sequential
flow of information). By using waggle dances as a form of communication, the scouts
lobby for votes in favor of the site they have located, and thus they recruite scouts
that have so far remained neutral. These (so far) neutral scouts then fly to the potential
nest site and perform their own independent, individual evaluations. They return to
the swarm and communicate their valuations through waggle dances. The character
and intensity of the dances contain the individual scouts’ evaluations of the potential
nest site. However, a scout is not familiar with all of the alternatives and will not be
able to follow the whole discussion in the swarm in its entirety. She is only informed
of potential nest sites in her direct proximity within the swarm.

Regardless of the quality of the potential site, the intensity of the dance eventually
slows down (i.e., this intensity grows weaker each time she returns from her nest site
of choice) (Seeley 2014). The gradual withdrawal from the debate means that the
lobbying for very suitable places lasts longer than for less good ones. If the approval
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ratings for a site decline (seen in the decreasing intensity of the tail wagging), this
helps the scouts deal with new information. As approval ratings for alternatives drop,
the likelihood of the swarm’s making a good decision increases. The evidence for a
site must be maintained over a longer period. This is because information gathering is
sequential, and a potentially more suitable nest site may be discovered later, perhaps
because it was further away and it has taken the scouts longer to return with their
findings. Discounting agreement reduces the speed of decision making and helps to
avoid errors. To achieve a consensus in the decision-making process, it is essential that
the support for a potential site climbs and the support for the other nest sites drops.

Consensus (agreement) among scouts comes about when no scout remains dancing
(lobbying) for an alternative site. How is this state reached? The relevant criterion is
the quorum (stop signal) of scouts gathering at a potential nesting site. As a rule, no
debate occurs among the scouts until a full agreement can be achieved. The scouts
have to strike a balance between speed and quality of their decision. Creating a com-
plete consensus among the scouts would take a relatively large amount of time and
consequently high opportunity costs (Seeley 2003; Seeley and Visscher 2004; Seeley
et al. 2006, 2012). By contrast, a small quorum would allow for a quick decision, but
possibly one of insufficient quality. However, when 20-30 bees are lobbying for a nest
site, this is apparently enough evidence that an appropriate place has been found and
that a good decision can be made. The scouts will fly back to swarm and end the other
scouts’ lobbying dances (which is a pretty aggressive way for some bees to silence
the others) by sending out special whistling signals. This then triggers the various
preparations for the departure of the swarm as a whole (Janson et al. 2005; Greggers
et al. 2013; Seeley 2014).

3 Apis mellifera: more bounded or unbounded rationality?

This section juxtaposes the decision behavior of the bee colony as a superorganism
with that of the unbounded (Homo oeconomicus) and the bounded rational decision
maker (cf. Table 1).

The honeybee’s goal is to find the best possible nest site. The quality criteria for
a nest site can be assumed to be time-invariant. Rational choice theories likewise
assume similarly constant criteria. Narrow rational choice approaches assume that
agents soley maximize their own profit. Real decisions makers are bounded in their
rationality (Simon 1957). They have limited information processing capacities and
incomplete information about their relevant environment. They are usually pursuing
multiple goals and relying on heuristics.? They strive for satisfactory alternatives and,
contrary to the rational choice theories, do not generally make the optimal choice.

2 Gigerenzer et al. (1999) define the consequence of the fit between heuristic and environment as ecological
rational. The individual adapts to the environmental challenges by using simple and frugal heuristics. For
example, the recognition heuristic reads as follows: “If one of two objects is recognized and the other is
not, then infer that the recognized object has the higher value.” Imagine, an individual has to bet which of
the two towns Dortmund or Munich has the higher population. Our individual may never have heard about
Dortmund and correctly infers that Munich has the higher population. This heuristic, which only works in
cases of limited knowledge, does not necessarily lead to correct inferences. However, it shows that a lack
of recognition may be even informative (Goldstein and Gigerenzer 2002).
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Table1 Comparison of the decision behavior of Homo oeconomicus, Apis oeconomicus, and Homo sapiens

Homo Apis oeconomicus Homo sapiens
oeconomicus
Goal Maximize money Suitable nesting place Multiple goals
Goal adjustment No adjustment: No adjustment: fixed Adaptation of aspirations;
fixed criterion criteria (however, adjustment if alternative
natural discounting of is not satisfactory and/or
individual support for a obviously dominated
nesting site)
Decision calculus Marginal cost = Quorum Satisficing
(information marginal utility
gathering)
Optimization or Optimization As if optimization® adapting aspirations
adapting aspirations (evolutionary)
Information Centralized/ Decentralized Centralized/decentralized
processing decentralized
Rationality Rational Rational (collective) Bounded rational

4 As if optimization refers to the collective, while the individuals neither are near-perfect optimizers nor
free of conflicts in the colony

Simon (1957) describes the behavior of bounded rational actors as a process of
adapting their aspirations. This theory was further developed by Sauermann and Sel-
ten (1962) and is briefly outlined below. Unlike neoclassicism, the theory of aspiration
adaptation assumes individuals who primarily act in line with their goals. Choosing a
good course of action from a set of potential alternatives requires setting goals. These
goals allow us to evaluate how well various alternatives will fulfill that aspirational
level. Depending on the individual level of aspiration, the consequences will be eval-
uated as success or failure. Aspiration levels are formed over time and dynamically
adapted through successes and failures (Hoppe 1930). This led Simon (1957) to coin
the concept of satisficing where the alternative is chosen that, due to external circum-
stances, will lead to a satisfactory result. A single bee scout acts in a bounded rational
manner as an individual person who seeks to find satisfactory options.

For Apis mellifera, the task of assessing the various alternatives is distributed among
alarger number of scouts. As an individual, a scout can be compared to bounded ratio-
nal humans. The assessments of many scouts, who are bounded rational as individuals,
allow the superorganism of the bee colony as a collective to select a near-optimal nest-
ing site. Each individual rates the nest site she has deemed as appropriate. By lobbying
(advertising in favor of one nest site), neutral scouts are recruited and will also visit
the potential nest site.

For bounded rational individuals (in the tradition of Herbert Simon), the order
in which choices are made available may be significant. Let us assume that there
are two different options namely A and B. The individual experiences each of these
two options sequentially. If the individual is first informed of A and has already
evaluated this alternative as satisfactory, this option may have already been chosen.
If the individual first learns of the B option, this option, too, may be chosen if it is
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assessed as satisfactory. This helps to explain inconsistencies in individual decisions
(Simon 1983).

Each individual in a bee colony is comparable to a human individual. Both species
possess only incomplete information about their environments and a limited capacity to
process that information. Bees look for potential nesting sites. They aim at the survival
of the collective. Once a scout has found one, she lobbies for it with the help of waggle
dances (Tautz et al. 1996). However, many scout bees are exploring and evaluating
various nest sites, and thus, the information is significantly improved. The decision
calculus that brings about an optimal decision includes the trade-off, which also occurs
in human groups, between obtaining additional information (quality) and speed of the
decision. This decision-making process has been gradually improved in the course of
evolutionary natural selection (Passino and Seeley 2006). Thus, the quorum comes
close to an optimization.? All that limits the bees’ choice are the distance and speed
with which they can identify new nest sites.

The Homo oeconomicus is the rational decision maker who has constant goals
(maximizing money) and has full information and unlimited information processing
capacities. In contrast, the bounded rational individual loses interest in alternative
courses of action if they do not satisfy or they otherwise seem obviously inferior to
other alternatives. Under the influence of their genes, the honeybee’s waggle dance
becomes continuously weaker, even if the quality of the site has not changed. This
mechanism is essential to allow new alternatives to be sufficiently considered to avoid
wrong decisions.

The bee colony’s collective information processing is done in a decentralized man-
ner. This democratic procedure provides more data for consideration than any one
individual could possibly gather. By contrast, humans are often organized into hier-
archies (such as employer/employee relationships). Their environment also includes
decentralized elements (such as democratic elections). Likewise, with rational choice
theories, initially no clear demarcation exists between centralized and decentralized
decision-making processes (such as Downs’ economic theory of democracy, 1957, or
Niskanen’s economic theory of bureaucracy, 1971).

The decision-making behavior of the bee colony, as a superorganism, falls some-
where between the bounded rational human individual and the rational Homo
oeconomicus. The honeybee superorganism is, however, more like the Homo oeco-
nomicus. One could perhaps even speak of an Apis oeconomicus.

4 What can we learn from the superorganism of the bees?

In many situations, individuals do not soley play against their nature but make decisions
within groups. In human homes, for example, we find situations requiring decisions
where the entire family exerts a reciprocal influence on each other. Group decisions
also take place when making business or political decisions. The nature of the group

3 Many honeybees at any time are not fulfilling tasks in favor of the colony. Moreover, they make many
mistakes as individuals. However, the outcome of the honeybees collective is significantly improved by
coordinating them as superorganism.
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decisions determines the need to coordinate the various individuals within a group.
Appropriate cooperation mechanisms can help to identify potentially shared individual
interests to increase the likelihood of a consensus. This works well in some situations,
but less well in others. The divergence between individual and collective rationality
is an important reason why Pareto-optimal solutions may not be achieved.

We now ask how and to what extent individuals can learn individually and in groups
from how bees decide in their search for a nest site. Comparisons between bees and
human collectives are not easy. While bees make binding agreements (in other words:
they play a cooperative game), people sometimes end up in a prisoner’s dilemma
(Ledyard 1995). Evolutionary processes may have resulted in natural selection and
elimination of bees not prone to cooperating with the collective.

With their organizational, communications, and coordination mechanisms, bee
colonys provide plenty of inspiration for decision making in human collectives. In
particular, they offer significant suggestions for breaking of path dependence, mech-
anisms for correcting errors, and the need for decentralized/centralized decisions.

4.1 Path dependence: discounting

“What used to be okay can’t be all bad now!” is one sentiment associated with path
dependence. People are path dependent if they behave very similar to their past deci-
sions without considering new options. Planck (1948) describes the lengthy process
of overcoming long-held beliefs as follows:

A new scientific truth does not triumph by convincing its opponents and making
them see the light, but rather because its opponents eventually die, and a new
generation grows up that is familiar with it.

The honeybees have developed a clever strategy for remaining open to new ways.
Regardless of the quality of an alternative, support for this is discounted over time. In
other words: The individual’s approval for a nesting site decreases over time. However,
the alternative nest sites are not forgotten (until consensus is made), but will continue
to be examined by the other scout bees.

Optimal results in the collective are only possible if people are willing to consider
new alternatives in their decision-making process. This means complying with basic
rules of communication and ways of thinking and tolerating the results, regardless of
who had been advocating for them. However, forgetting the old options at all may
also be unfavorable to humans since their environment is changing. If heuristics do
not work today, maybe they will work tomorrow under different cricumstances.

4.2 Avoiding and correcting mistakes: discounting and independent
examination
Bees do not make rash decisions; they check and evaluate the proposals of other scouts

objectively. They demonstrate openness to other views (by allowing room for other
opinions) and respect a critical review of information by third parties. This makes it

@ Springer



Float like a butterfly, decide like a bee 251

possible to process a variety of information so that the collective is able to make better
decisions than an individual can make.

The bees eliminate support for lesser-quality nesting sites by the two mechanisms of
discounting and independent evaluation by other bees. If a scout makes a mistake and a
nest site is mistakenly found to be optimal, an audit will be carried out by other scouts.
If they fail to confirm the suitability of this potential site, it will no longer be lobbied
for and interest in it will disappear (Seeley 2014). This audit, conducted by scouts
that have so far remained neutral, helps the colony to select an optimal nest site. The
independent audit of the quality of the various alternatives and the associated decision
for the optimal nest site has successfully secured the continued survival of the species
Apis mellifera. The overall system of the bee colony can be considered as relatively
stable. The vulnerability of bee colonies to make a mistake and choose the wrong nest
site is kept low through these mechanisms of information gathering and processing.

People are often limited, however, in conducting unprejudiced and objective reviews
of facts. They join the opinions of other individuals, because holding divergent views
can result in emotional stress. Therefore, it makes sense in group decisions either to
use anonymity as a mechanism (but not as a consequence of the cooperative honeybee
behavior*) and allow voting to occur without this emotional baggage, or to call in
mediators to settle disputes (Gerardi and Yariv 2008; Freixas and Zwicker 2009). This
knowledge can be valuable for successful negotiations.

4.3 Centralized or decentralized decisions

As old as the discussion about the optimal level of government and market for society
is, it remains a modern concern (Smith 1776; Eucken 1952; Eichengreen 1995; Taylor
2009). The bee colony makes decentralized decisions about the nest site. What criteria
are used to allow the bees to come to very good to optimal results? With homogeneous
goals and clear rules for voting, it is possible to make good decisions and cooperate
in a decentralized manner. Distributed information processing in a democracy works
because the conditions are clearly defined. What have become rules of the game among
human beings may be regulated by genetic mechanisms in bees (uniform goals and
tools).

As mentioned earlier, humans pursue, in contrast to honeybees, multiple goals and
sometimes end up in a prisoner’s dilemma. Humans and honeybees are formed under
different levels of selection (Pavlic and Pratt 2013). Hierarchy may serve as a tool to
prevent selfish humans to break their association with the group. Otherwise, individuals
may choose options in which they individually receive a higher payoff via defecting,
but collectively are worser off than all individuals would cooperate (social dilemma;
Dawes 2009). This concern does rather less apply to honeybees that are cooperative
and thus relatively anonymous.

Orienting to other social norms can greatly simplify the lives of human beings.
However, it is not necessarily the case that group decisions are better than individ-

4 Anonymity is, however, not universal among more basal eusociality (e.g., paper wasps are not anonymous;
Sheehan and Tibbetts 2011).
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ual decisions for humans. The question of whether group decisions are better than
individual decisions gains particular importance given the increased social network-
ing via modern communication media (such as Facebook and Twitter). According
to Nietzsche (1886), crowds are definitely not superior to individuals: “Madness
is rare in individuals—but in groups, political parties, nations, and ages it is the
rule.” Other authors are more optimistic or even identify determinants for group
intelligence. Surowiecki (2005), for example, proposes four conditions which charac-
terize wise crowds: diversity of opinion, independence of opinion, decentralization,
and an aggregation mechanism that transforms private judgements into collective
decisions. These conditions are especially well met by the honeybee Apis mellif-
era. The bees have a clear division of responsibilities, division of labor, and the
skills to deal with difficult tasks. Successful communication is also essential, as
are mechanisms for problem solving. If these requirements are not met, the entire
process can be disrupted and hierarchies may prove better-suited as decision-making
structures.

We also learn from the bees that successful cooperation does not have to be free
of confrontation or debate (Livnat and Pippenger 2006). Competition and peaceful
conflict can increase the quality of decisions. This aspect is related to Hayek’s notion
of “competition as a discovery procedure” (Hayek 1969). Given the rules of a game,
competition can help to successfully process information.

5 Concluding remarks

The honeybee Apis mellifera and its decision-making process for finding a new nest site
provides an almost perfect model of successful collective coordination of individuals.
Based on the limited information available to a single bee, many bees manage to
organize themselves into a collective so that at the end (almost) optimal decisions
on the selection of a nest site can be made. Although people pursue multiple goals,
organizational principles can be identified that may also be useful for humans.

We have demonstrated that it is worthwhile to take a closer look at decision-making
processes in other species. However, a stronger interdisciplinary cooperation among
researchers from different disciplines (especially biologists, economists, and psychol-
ogists) is desirable to come to useful insights collectively.

Our article raises, however, more questions than it can answer. The search for
answers should include looking at other superorganisms (such as ants) that achieve
good coordination of individuals in the collective. However, negative examples in
which cooperation functions inadequately in the animal kingdom should not be
neglected. These, too, can provide valuable lessons that can lead to better decisions
and coordination mechanisms for humans.
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