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Abstract

Social insect colonies and marketing systems are examples of complex adaptive systems. We illustrate how we can gain insight about the behaviour and performance of marketing organisations from the study of social insects.  We explain how honey bees have evolved strategies to improve their foraging behaviour that depend on imprecise direction, the clustered texture of their environment and the variety of bees in a hive.  We discuss the implications of this for trading off the benefits of exploration versus exploitation strategies in markets, as well as the limits of such comparisons.

Introduction

Social organisations, including business firms, marketing channels and industrial networks are self-organising complex adaptive systems that resemble insect colonies. They are living systems comprised of numerous interacting individuals and subsystems in which the behaviour and performance of the whole stems in important ways from the way the parts are connected to each other, rather than from the properties of the individual components per se (Anderson et al. 1999, Arthur et al 1997, Easton et al 1997, Wilkinson and Young 2002).  For example, Johnson and Broms (2000) describe how Toyota and Scania designed their organisations to function like living systems in which the outcomes are produced by relationships among the parts, not by the parts themselves. This form of organisation was able to cope efficiently and effectively with variable and evolving demands from customers and an increasing variety of outputs. 

Insect societies have evolved over millions of years to solve some of the same types of problems that humans face in designing and operating complex business systems. In this paper we show how the study of social insects can be used to provide potential insights into the behaviour of business organisations. We begin with a brief overview of research concerning the nature of self-organisation and social insect behaviour, focusing on honey bees.  We do this because we believe that honey bees offer important insights into the nature of the self-organising process and have received less attention compared with ants in terms of their relevance to business. Honey bees, unlike ants, communicate directly with each other through dancing, whereas ants mainly communicate indirectly by laying down pheromone trails, and this enables them to deal with more complex dynamic types of problems than are ant colonies. In the final sections we consider the implications of honey bee foraging behaviour for the exploitation and exploration of market opportunities.  

Self-organization and Social Insects

Self-organization principles have been used to study various types of coordinated behaviour among social insects including foraging, nest construction and nest-site selection (e.g. Bonabeau et al 1997). Research shows that, despite the simplicity of both the individuals and the rules they follow, social insects are capable of choosing the best place to forage, the best nest site out of several possibilities, and to build architecturally elaborate nests. How do these insects manage?  Even though in a bee colony there is a Queen, by no means is she the ruler of the society. Instead, every individual has a set of rules programmed in to make decisions based on local information only i.e. information stemming from the local environment and interactions with other individuals.  Coordinated behaviour arises from these local responses and interactions.  This may be illustrated in terms of the foraging behaviour of honey bees. 

A colony of honey bees Apis mellifera L. comprises a queen and 20000 to 60000 workers, each performing a subset of tasks that contribute to colony welfare. The success of the colony depends on how these tasks are allocated among the available workers. The colony’s foraging behaviour is the result of decisions made by individual bees. Each bee responds to internal and external cues that determine whether it stops foraging or continues to forage in the same area. If a forager judges a food source to be highly valuable, it may perform a recruitment dance that will induce other bees to go to the source (Seeley, 1995). This waggle dance provides information to other bees about the direction and distance to the food source (Frisch von 1967; Seeley 1994; Seeley 1995). 

Interestingly, dancing honey bees appear to deliberately misdirect others to nearby food sources by increasing the dance error for nearby patches whereas dances are more accurate for more distant food sources (Towne and Gould 1988).  This imprecise communication through dancing for close versus distant sources leads the colony to restrict exploration to a constant patch size around a found source. Bees misdirected to a distant source to the same degree as for a local source would end up widely scattered because distant patches will be harder to find and thery would do no better than random search. Imprecise directions to nearby sources, on the other hand, will result in bees exploring nearby terrains that may also contain food sources because of similar local climates and soil conditions or because they are part of a garden or monoculture (Towne and Gould 1988).

Not all foragers will perform a dance upon return to the hive - less then 10% do (Seeley and Visscher 1988). The quality of the source, measured in sugar concentration of the nectar, how easy it is to collect the nectar and the distance from the hive, determines if a bee will dance (Seeley 1995). Hence, all advertising in the colony is for good quality sources only, effectively filtering out information about low-yield sources (Camazine et al. 2001). Also, bees from a highly valuable patch, will dance for longer (Seeley, 1995). To judge quality, a bee does not have to compare patches, she assesses it based on a built in internal reference scale, which means the information used is local, restricted to the site visited. (Seeley 1995; Camazine et al. 2001). Unemployed bees follow one dance which they choose at random (Seeley 1995; Camazine et al. 2001). Because dance duration depends on the quality of the source, there is a greater chance of choosing a dance for better quality sources but multiple sites are advertised assuring that bees can be swiftly re-allocated when necessary.

Obviously new patches also need to be discovered. Exploration can either be deliberate, i.e. a bee decides to scout for new food sources instead of following a dance, or accidental, i.e. a bee that followed a dance did not find the advertised patch but an alternative one. When food sources are abundant, exploration will be low and vice versa. Nearby quality food sources will be exploited first because they are likely to be found first and ‘advertised’ by dancing. The more bees dance at any time, the less likely others will start scouting, thereby decreasing the chance of new site discovery.

Honey bee colonies do not consist of identical individuals. Because the honey bee queen mates with a large number of males, her workers comprise a collection of sisters and half-sisters and it has been shown that workers with a different father have different thresholds with respect to external stimuli, including the propensity to perform a dance in response to a food source, the tendency to collect pollen or nectar, and to forage to patches near or far from the colony. This variability ensures that the colony does not allocate its resources among different food sources too rigidly but maintains a degree of flexibility and responsiveness to changing conditions. The trade-off is not between close and distant sources and the way food may be distributed in space but in terms of the allocation of resources (foraging bees) among identified food sources that cannot be precisely valued. A range of valuations are in a sense offered to the colony in terms of whether bees are stimulated to dance by a given food source and the duration of their dance. Different “valuations” are accepted by other bees randomly but in proportion to the duration or intensity of “valuation.” This suggests that bees have evolved to match the indeterminacy in their environment so that they do not put “too many eggs in one basket.”

Implications for Business and Marketing

Recent research suggests that the extent to which the honey bee dance communication system provides advantages over independent search, depends on the exact distribution of food resources. Hence, a honey bee colony continuously needs to balance the tradeoffs between exploration (scouting for new sources) and exploitation (using found sources advertised by dancers) strategies in order to exploit more effectively food sources in its environment. Balancing exploration and exploitation is not only essential in bee colonies but also for business (March 1991).

There are two basic mechanisms revealed in the study of honey bees for optimising the allocation of resources to exploration versus exploitation – imprecise communication and bee variety in the colony.  We consider each in turn.

The imprecision in dance communication for nearby food sources may have its counterpart in business for both sellers and buyers. For sellers the implications are in terms of how to explore market opportunities. Potential markets may be viewed in terms of the distribution of customer demands in a multidimensional space of requirements. Regions of this space that are more densely populated with customers having similar sets of requirements correspond to potential segments of demand and represent potential market opportunities.  According to bee behaviour firms should attempt to explore for new market opportunities around quality market opportunities.  The quality of an opportunity is demonstrated by a firm’s own or competitors’ successful offerings. 

Bee behaviour leads us to consider if there is an optimal patch size or neighbourhood within which to search around such positions in market space and its underlying dimensions. Optimal search patch size depends on the degree of clustering of market opportunities and the ease of competitor access, which in turn depend on the degree of clustering of demand and associated technologies of supply. This is likely to vary by market, technology and firm capabilities i.e. according to the types of requirements firms are able to serve, and will vary over time as technology and demand change.

Another potential lesson is that exploration around “nearby” quality market opportunities may be less precisely targeted, whereas exploring more distant market opportunities requires more precise targeting.  This mainly reflects the costs of exploration.  Distance could be interpreted in terms of the psychic and geographic distance to markets or in terms of the technological change or switching costs involved in serving a market opportunity.  Firms can explore more widely in their home or core markets because the costs of exploration are less and they are likely to be more informed and capable of adapting their offerings to suit. For more distant, say international, market opportunities more precise and costly research and targeting is necessary, as well as for opportunities involving substantial investment in new technology.  In sum, the foregoing suggests that firm success in terms of new product/service and market development depends on two things, their mix of exploration versus exploitation strategies in close versus distant markets and the degree of clustering of market opportunities. 

We can also think about bees as consumers searching for desired products and services rather than as firms foraging for market opportunities.  The optimal patch size for consumer exploration depends on the clustering of supply in shopping centres and other types of central places.  Consumers like bees communicate with each other through their local neighbourhood, social or work group networks.  Whether communication among bees resembles that of word-of–mouth communication patterns in social groups or whether they have analogous effects on the way consumers spread their purchases among competing and new products and services remains unknown.  It is only recently that research in marketing has begun to model the impact of different types of communication network structures on consumer behaviour (e.g. Valente 1996, Goldenberg, Barak and Muller 2001a, 2001b). 

In markets both the sellers and the buyers are actively searching. In biology the bees do the active searching.  But the flowers are not inactive.  They invest in advertising to attract the bees and in screening out unwanted pollinators and evolution works to produce a co-evolution of bees and flowers based on the success of their interactions. In markets there is a similar co-evolution of firms and their customers as relationships and interactions evolve in a competitive market. 

The second way bees trade off exploration versus exploitation is through hive variety. This aspect of bee behaviour is represented in business by Ross Ashby’s (1951) principle of requisite variety, which concerns the adaptation of a system to its environment. He argues that an organisation’s internal variety needs to be able to match the variety in its environment that it needs to respond to. If the internal variety of an organisation is less than the variety of its environment it will eventually confront conditions it cannot deal with. If its internal variety exceeds the effective variety of its environment there are redundancies and inefficiencies, at least in the short run, although they may assist the organisation to better evolve to new types of environmental conditions. Bar-Yam (1997) has used this principle to account for the emergence of systems with different degrees of complexity. Over time systems evolve to match the complexity of their environments from simple cellular organisms, to more complex multicellular and multi unit systems. 

The implications for business of bees and Ashby’s principle is the need to foster and retain an adequate amount of diversity of response in an organisation by encouraging and rewarding differences of opinion rather than conformity. Too much agreement can be dangerous as it blocks out alternative ways of seeing and responding to the future.  But how much variety is required? This depends on the variety or complexity of the environment in which the organisation has to survive, and how accurately different food sources or strategic moves can be identified and evaluated.  Recent characterisations of the business environment suggest it is becoming ever more complex and turbulent suggesting the need for greater variety in the bee-hives of business. Such variety of response may be impossible to generate in a single firm, instead networks of firms may become the relevant unit of adaptation and survival (Wilkinson and Young 2004)
Conclusions

We have described some of the known biology of social insects, especially honey bees, and speculated on the relevance of the way honey bee colonies regulate their foraging to business. Nature has had millions of years to explore different mechanisms for social insects to survive and reproduce in a complex and dynamic world.  We believe biology, especially that related to the behaviour and organisation of social insect behaviour, can be a fruitful source of insights for understanding human behaviour and business. Social insect behaviour has already been used to develop superior computer algorithms, based on ant behaviour, to help solve a variety of complex decision and scheduling problems [e.g. Bonabeau, 2002; Bonabeau and Meyer 2001]. The behaviour and communication channels of honey bees provide additional insights and new ways of thinking about traditional business problems. It also suggests alternative algorithms based on optimising the size of a patch in which search takes place, the optimal amount of information that needs to be transmitted, and the degree of variety built into search mechanisms. Each of these in turn needs to be matched to the nature of the market environment in which the seller or buyer operates.

We have focused attention on the foraging behaviour of bees because this seems to have most direct application to marketing and business. But social insects like bees can also provide insight into the processes of self-organising and coordinating the different activities of complex business and social systems, as has been demonstrated by the models proposed by Omerod (2000). 
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