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I. Introduction
Consider the following images.  Two masses of armed combatants oppose each other across an open field.  Screaming, gesticulating and clanging their weapons against their armored, merely clothed or painted naked bodies, they impatiently await battle.  Impassioned by the inspirational words of their leaders, with the raise of a sword and a bellowing roar, they charge forward at top speed to meet their opponents.  The moment of contact is magnificent.  Men and beasts alike collide as they hurl themselves, with careless abandon, into each other.  The masses mix.  Each an every combatant, previously wrapped in the safety of the surrounding presence of his comrades, finds his back and sides exposed.  A deadly strike can come at any moment from any direction.  In the face of this danger, fighting becomes reckless.  This depiction of combat is Hollywood at its blockbuster best – think of Braveheart and Lord of the Rings.  It makes for great drama.  However, the reality of combat is quite different.

Ardant du Picq (1921), writing in the middle of the nineteenth century, argued against this very same dramatization of combat by painters and poets.  His analysis of documentary evidence concerning “primitive” and ancient combat, in conjunction with his personal experience as a colonel in the French army, led him to conclude that there is no “shock” action in combat - armed masses of men never collide (p. 48).  At the heart of his conclusion lies a combatant’s motivation to fight.  He is ready and willing to fight, du Picq argues, when the expected harm and risks to him are low (for example, when his opponent is relatively weak or defenseless); yet, when the conditions are not so favorable, he is eager to flee.  His behavior in combat, in other words, is guided by an “instinct of self-preservation” (cite).  One of the purposes of organization is to suppress this flight instinct (cite).  One type of organization is a hierarchical command and control structure that imposes sanctions and leads by example.  Combatants are motivated to fight – even when the conditions are not so favorable - because it is too costly not to.
  They are disciplined (cite).  Discipline, however, is impermanent.  It can break down either on the approach to or during actual combat (cite).  It can break down on either one side or both sides to a conflict.  However, whenever and to whichever side it happens to once it does combat (for that side or both sides) becomes unorganized.  The motivation to fight evaporates.  Without discipline, collisions in combat are precluded because “flight on the part of one or the other…is often seized” (p. 29).   
A hierarchical organization with recourse to coercion is a defining characteristic of modern warfare.  Yet, it is not the only type of organization that yields disciplined combatants.  In this paper, we explore (1) the conditions under which a collective of combatants can produce coercion in the absence of coercion and (2) the pattern of fighting that emerges when those conditions are not met; what we call unorganized combat.
  Organization is valuable because combat is a team good.  Consequently, when a combatant fights he produces a positive externality for the group as a whole - giving all, including him, an incentive to free-ride on the effort of others.  Unorganized combatants are unable to cooperate let alone collide en masse.
Our primeval practice of open-field warfare, termed ritual battles by anthropologists, closely approximates the unorganized combat described within this paper.  Indeed, a detailed description of ritual battles, as practiced by the Dugum Dani and Ilaga Dani in the New Guinea Highlands, is consistent with the line of reasoning’s conclusions.  In the open field, battle was characterized by broad-based shirking.  Individual combatants chose who and when to fight.  They also chose when to rest and retreat.  Coordinated action was largely, if not completely absent.  There were no concerted maneuvers.  There were no volleys.  Most importantly, there was no massive clash of bodies.  Instead, opposing combatants arrayed against each other in open-order parallel lines took turns feigning attack and then retreating.  Yet, there were occasions, albeit infrequent, when a ritual battle turned into a rout.  Combatants from one side or the other would break ranks and flee the fight ground.  It was the inability of either side to coordinate the various fighting efforts of their combatants, we argue, that explains the absence of “shock” action in ritual battles.

II. Theory

Combat is a Team Good

Ardant DuPicq, when referring to the battle of champions, a common practice in both pre-state and ancient warfare, argued that “No one can stand against an Achilles, but no Achilles can withstand ten enemies who, uniting their efforts, act in concert” (dp p. 31).  Concerted effort, he continues, can “elevate all combatants to the level of champions” (dp p. 31).  Combat, in other words, is a team good.  Technically, a good is categorized as a team good whenever the marginal productivities of its producers are interdependent.
  In part (or full), this interdependence stems from our physical anatomy.
  As upright mammals, all of our fighting implements - fists, feet, nails, and teeth (although blunted) - are to the fore.  Our back and sides, unarmored and unprotected, remain exposed and vulnerable during combat.  However, aligned side-by-side, friendly combatants, barring those on the line’s very ends, can protect each other’s flanks and rear.  When one combatant fights, holds his position in line, those around him can focus their scarce effort on striking out at the opponent.  Without having to fight any harder, by simply fighting together, everyone is more effective.  There are gains to be had by cooperatively working as a team.

The line is a feature of warfare in all its forms and epochs (Otterbein “How war began”).  Its length, shape, continuity, the distance between neighboring individuals, or the number echeloned, within the confines of this paper, are relatively un-important characteristics.  These geometrical dimensions have varied across societies, through time, and even throughout the duration of a single engagement.  The focus of this paper is on the line’s permanence.  Does it hold during the course of an engagement?  In other words, does the combat team cooperate?  Cooperation, referred to as cohesion by military professionals, is a source of competitive advantage in combat (English).  It is also difficult to accomplish for one reason in particular – information is costly.

A combatant, like any other rational economic actor, will perform and continue to perform a task as long as the marginal net return is positive.  Choosing to fight is no different.  The cost of fighting, beyond the opportunity cost of one’s time, includes physical and psychic costs.  The rewards can include prestige and reputation, which may give the combatant preferential access to scarce resources, as well as loot and booty.  As we will see, however, these rewards are only loosely tied to one’s performance.  Consider the challenge that confronts a combat team.  It produces mayhem, routed villages, burnt ceremonial structures and mutilated opponents.  From observing this output, it must somehow measure and reward each member’s contribution – that is, each member’s marginal product.  This is difficult for a number of reasons (for example, environmental variables can influence the combat outcomes).  For this paper’s purposes, the fundamental difficulty arises from the fact that this output is the product of an interdependent production process.  Every time a combatant chooses to fight he makes those around him more productive.  This is good.  This interdependence is the font of the gains that attend team production.  This interdependence also makes the team production function inseparable.  It is costly to separate the contributions of one combatant from another.  Since it is costly, it will be imperfect.  So, when one combatant fights, making those around him more productive, he may not be fully rewarded.  If not, then these additional benefits are social benefits.  His fighting confers a positive externality on the rest of the war party.  This externality has significant incentive effects.  Namely, a combatant bears solely and fully the marginal cost of every unit of effort allocated to fighting; however, he enjoys only a percentage of the marginal benefits that attends his costly action.  This undermines his incentive to fight.
  
For team goods, in general, it induces an n-person Prisoners’ Dilemma (Miller and others).  

Combat, however, is not like other team goods.  Brennan and Tullock (1982) make this point in their informal model of combat.  While they do not explicitly state that combat is a team good, they operate under the assumption that when comrades in arms cooperate there are “strong technical advantages” (p. 227).  Combat is modeled as a contest between two opposing armies that are equals in every way.  The prize is exclusive ownership over a disputed territory.  Victory, for either army, is probabilistic.  It is a sole and positive function of the aggregate amount of effort one army’s individual members allocate toward fighting relative to the other.  Given a choice between fighting and fleeing what do individual combatants choose to do?  The answer, they argue, is contingent upon whether or not an individual combatant believes the opposing army will break ranks and retreat before his own does.  If he concludes that the opposing army is determined to fight, fleeing the battlefield is the dominant strategy.  He is individually better off choosing this strategy no matter what his comrades choose.  The combat team is trapped in a Prisoners’ dilemma.  On the other hand, if he concludes that the opposing army will flee the battlefield, the dominant strategy is to fight.  Unlike the analysis of traditional team goods, the interaction of consequence is not simply between the individual members making up the team it is also between each individual combatant and the opposing army in its entirety.  Both, they argue, are engaged in a game of “chicken”, where the effectiveness of a bluff is intimately tied to each side’s ability to solve their respective Prisoners’ Dilemma.  Necessarily, Brennan and Tullock (1982) conclude that when it comes to combat our analytical attention should not be monopolized by the technology of maiming, disabling, and otherwise killing one’s opponent (weapons, armor, tanks, planes…).  Theoretically, victory can be secured without firing a single shot.  Combat, in other words, is not necessarily a contest between opposing forces, as much as it is a contest between contending mechanisms which organize the individual members of opposing armies so as to act in concert (p. 232). 
Organizing Violence

The combat team that can supply a permanent line in the moments leading up to and throughout an engagement wins the game of chicken.  So our attention must turn to how that task is accomplished.  The fundamental problem is one of creating the conditions under which they all cooperate instead of acting independently (Ostron 1990 p. 39); namely, we must come to understand how the collective becomes organized.  Since there exists an opportunity for mutually beneficial interactions these individuals are motivated to take the costly steps of getting organized.  In other words, there will be a demand for some rules to govern their interactions.  It is the supply, monitoring and enforcement of rules that are the fundamental hurdles to the emergence of cooperation (Ostrom).  Getting cooperation requires the team to organize.  Organizing is a costly process that is fraught with multiple difficulties.  It begins by structuring and putting in place a set of rules that induces coordinated as opposed to independent action.  The supply of a set of rules that motivates coordinated behavior, while yielding benefits that make the whole better off, may not make all combatants equally better off.  Disagreements, necessarily, may emerge over which set of rules to put in place.  Even in the case of symmetric benefits the costs of supplying these rules may not be borne equally by all members.  Moreover, supplying a new set of rules is a public good.  Individual members have an incentive to secure these benefits without bearing any cost.

Ignoring these difficulties for the moment, whether or not a set of rules yields benefits above and beyond those that attend independent action is contingent upon whether or not those subscribing to them actually abide by them.  It is here that additional difficulties arise.  A prospective team member may calculate that it is worthwhile to be bound by these rules when a call to arms is being made.  This choice, however, will be revisited in the moments immediately leading up to and during combat.  It is during the heat of battle, when the costs of combat can fall unequally on team members, that the immediate return to breaking ranks can be extremely high.  Everyone in the group is susceptible to this temptation.  Everyone in the group knows that everyone in the group is susceptible to this temptation.  No one member of the team can truly trust that his flanks and back will be secure.  This heightens the temptation to renege even more.

One way to alter this outcome is for each and every combatant to commit to holding their ground.  The idea here is that by committing to hold your ground, you can effectively alter others’ expectations concerning your behavior on the battlefield and by altering their expectations you can alter the behavior of those around you.  They expect you to hold your ground so they know that at least their flank or their back is secure.  This alters the marginal net return to holding their ground.  The process of committing yourself and the rest of war party may be as simple as you and the group asking each other “Will you hold the line?”  The question is whether or not your respective replies “I will hold the line” and “We will hold line” are believable.  Will they alter your expectations concerning their behavior?  Will you change their expectations concerning your behavior?  They may not believe you.  They may not be telling you the truth.  Your respective replies lack credibility for the simple reason that they go against rationality.

Rationality dictates that an individual combatant should promise to hold his ground and then renege when combat commences.  The cost of a promise is negligible.  And, if everyone else fights, he can still enjoy a share of the prize secured by the group even without fighting.  He can simply shirk, fall back, or lay low when combat commences.  It is possible that other team members will attempt to monitor his actions and if necessary exclude him from the benefits that attend combat; however, two things make it possible for him to “hide” his shirking.  Monitoring is a public good (support).  It will be undersupplied by the rest of the combat team.  Additionally, given that the team production function is inseparable, it is extremely costly to identify those individuals who have chosen to defect.  Therefore, if he were to shirk, then he could expect not to be detected.  Moreover, even if he was detected, he could expect not to be punished.  Enforcement is also a public good.  It will not be supplied, by the team, at the efficient level.  This logic holds for every team member.  They all can enjoy the benefits of team production without bearing the costs.  Commitments, without effective monitoring and enforcement, lack credibility.  Neither your expectation concerning their behavior nor their expectations concerning your behavior will change.  Indeed, even if he chooses to abide by the rules, he would have an incentive to allocate effort away from fighting and towards monitoring the performance of his comrades and excluding detected shirkers from the benefits of his effort.  Every member of the war party has an incentive to do other things besides fighting.  Even if one member of the team were willing to bear solely the cost of supplying a set of rules, looking ahead, he would have to conclude that commitments lack credibility.  Consequently, any effort he would allocate towards structuring a set of rules would be a fruitless endeavor (Ostrom p. 45).  The combat team still finds it difficult to cooperate and unable to project violence.  Our focus is on how that cooperation can emerge.  A key variable is the willingness and ability of each combatant to commit to hold the line.  The supply of rules, even under the best conditions (one agent is willing and able to finance the cost of supplying the rules), will be in vain if commitments lack credibility.  In the following sections we review the alternative mechanisms that can yield credible commitments to hold the line: how they emerge, under what conditions they succeed or fail, and, in the conclusion, how their evolution is intimately related to the emergence of political authority.
Making Cooperation in Combat Individually Rational - Hierarchy
The theory of the firm provides a solution to the difficulties of organizing a set individuals participating in an interdependent production process; namely, the supplying of a set of rules that maximizes the joint-benefits of the group.  According to Alchian and Demsetz (1972), an entrepreneur, who recognizes an opportunity for gain, supplies the rules.  The entrepreneur, also know as an “external-enforcement agent” (Miller), attempts to "internalize" the externalities of team production by guaranteeing each combatant an exclusive right to the rewards that flow from his fighting effort.  It is the paucity of information that causes the “social dilemma”.  Therefore, they prescribe organizing the external-enforcement agent as a monitor.   The monitor’s task is to reduce shirking by gathering information.  To facilitate the monitor in the performance of this task, team members endow the monitor with a “bundle of rights”.  This “bundle of rights” sanctions the following steps that the monitor can take to gather information and reduce shirking.  First, by monitoring the “behavior of inputs”, the monitor “estimates” each team member’s marginal productivity.  Second, based upon these estimates, the monitor distributes rewards to each team member.  Third, since information is costly, the correlation between a team member’s reward and his marginal productivity will be imperfect.  Therefore, the monitor monitors each team member’s productivity response to the established rewards.  Finally, if further monitoring reveals a discrepancy between a team member’s reward and his actual marginal productivity, the monitor adjusts that team member’s reward.  However, if further monitoring detects that a team member is shirking, the monitor will adjust the team’s membership by firing that team member.  In the course of observing, directing, managing and monitoring the external-enforcement agent reduces the incentive to shirk by tightening the correlation between rewards and productivity and detecting and punishing shirkers.  Now no single warrior has an incentive to allocate effort away from fighting and towards these duties.  In this instance, the entire team saves on measurement and enforcement costs (Barzel 1982 p. 41) 

Increasing the team's supply of effort is the monitor’s contribution to team production.  However, because the team production function is inseparable, measuring the monitor’s contribution is costly as well.  Absent a perfect correlation between the monitor’s contribution and his reward an incentive to shirk will exist.  This raises the question that Alchian and Demsetz so aptly asked: “But who will monitor the monitor?”  Alchian and Demsetz prescribe structuring the contract so that the monitor has property rights over the team's "residual".  The "residual" is equal to the difference between the team's output and the sum of rewards distributed by the monitor to the team's members.  This difference is maximized when the monitor allocates the individually Pareto Efficient level of effort towards "measuring" and "apportioning".  In other words, the monitor has an incentive to monitor himself.  Moreover, in an effort to maximize the residual, the entrepreneur is motivated to supply the efficient level of monitoring and enforcement.  Thereby, when individual combatants turn to each other and commit to holding the line the monitor’s presence lends them credibility.  By endowing the monitor with the motive (i.e., ownership of the residual) and the means (i.e., the "bundle of rights") to gather information, Alchian and Demsetz conclude that the hierarchy will “internalize” the externality making each combatant’s dominant strategy cooperation; thus, the gains from team production are captured.
There are multiple solutions to the n-person Prisoners’ Dilemma that do not require the introduction of a hierarchy.  In the following section, we will review numerous (albeit not exhaustive) mechanisms by which a society can realize cooperation in combat. These mechanisms, however, have their limitations.      
Making Cooperation in Combat Individually Rational – Without a Hierarchy 
The value of a hierarchy lies in the fact that its entrepreneur has an incentive supply, monitor and enforce a set of rules.  Indeed, whenever a member of a hierarchical organization commits to holding the line it is credible because the entrepreneur is willing and able to monitor and enforce that individual’s behavior.  Our history, however, is resplendent with countless occurrences of collective violence in the absence of hierarchy (LeBlanc; Keeley).  In this section we will explore those conditions under which commitments to hold the line are credible and emerge in the absence of hierarchical direction.
One way that those commitments can be made credible is if the behavior of combatants are monitored and enforced.  However, the reason why these commitments lacked credibility is because monitoring and enforcement are both costly public goods to supply.  So, the conditions under which a hierarchy is unnecessary are the condition under which the combat team can monitor and enforce itself.  The key determinant of whether or not cooperation in the collective act of violence – and the realization the collective benefits – depends on whether or not the actions of combatants are observable (Olson 1965).  Smaller numbers facilitates the ability to supply rules due to the ease of mutual supervision – making the behavior of all noticeable.  Besides easing mutual supervision, small numbers can allow for cooperation to emerge by voluntary agreement for two additional reasons. With the benefits of monitoring and enforcement shared among a smaller number of individuals, the net advantages of doing so may be positive (Olson p. 567).  Even in the presence of the positive externality, individuals may still be willing to hold their ground yielding credible commitments.  Small numbers positively influence one’s willingness to monitor and enforce.  Individuals in smaller communities are for the most part related to each other through blood, marriage, or both (Diamond p. 271) (shared norms).  Moreover, the relationships among members of small communities are not characterized by one-shot interactions – they are repeated (Axelrod).  If one member of the collective is deciding whether or not to act against the prevailing order, the lost opportunity of no longer engaging in trade with the rest of the community can be a forceful constraint (Axelrod).  In other words, small numbers positively influence an individual’s ability to monitor and enforce.     
Familiarity and repeated play are not necessarily enough.  Indeed, in this section we will review a number of mechanisms that pre-state societies employed to augment these conditions.  This menu of mechanisms (currently incomplete) includes strong leadership, physical restraints on the field of battle, no-retreat societies, battle police, hazing, and ordeals (including scars, tattoos, penile incisions).  All of these mechanisms are in some way attempting to either internalize the externalities that attend collective combat and/or signal one combatant’s willingness to hold his ground to fellow combatants.  A strong leader can elicit cooperation amongst team members by inspiring and convincing them to overcome their short-term interest to shirk.  To the degree that this is accomplished, then the uncertainty that each team member has regarding the performance of others declines and so does the incentive to monitor and exclude others.  Others are doing their part so your flanks and rear are protected.  Strong leadership is also concerned with engendering trust and loyalty among the team.
In general, however, the difficulty that every combatant confronts is making his commitment to the combat team credible.  We will review two ways that pre-state combatants attempted to signal commitment.  One mechanism is the use of physical restraints.  The Arapaho and Kiowa Indians used scarves. “Of the ten Kiowa Dog warriors, no one was expected to flee, and the leader anchored himself to the ground by means of a sash fastened with an arrow; the Blackleg warriors substituted a lance-crook for the arrow.” (cite)  Physical restraints literally limit your ability to act in your self-interest.  Costly Rituals is another mechanism by which one’s commitment can be made credible.  Costly Rituals are valuable because in every community the set of fighting-age males – specifically, males between the ages of 15 and 30 - is composed of both “fighters” and “free-riders”.
  Neither the community as a whole nor members of this set can distinguish one from the other.  Each individual warrior knows whether or not he is willing and able to hold his position in line.  This is private information.  One way to credibly distinguish these two types is to use a screening device; namely, costly rituals.  For a ritual to be an effective screening device requires: (1) that the types differ with respect to their tolerance of emotional and physical discomfort and (2) each type’s relative willingness and ability to endure a ritual is credible evidence of their willingness and ability to fight (cite).

Rituals must be sufficiently strict or costly but not too costly.  The fighters must find it worthwhile to endure the ritual.  The free-riders, on the other hand, must find it worthwhile to be identified as such.  Given the ritual’s cost they do not find it worthwhile to imitate the fighters.  Since combat is a team good, the free-riders can join a fight, free-ride, and still get rewarded from their community because their actions in combat are difficult or impossible to observe.  Yet, the ritual must not be too strict or costly so that fighters don’t even bother to endure it.  If the ritual is effective, then it leads to a separation of types – all fighting age males reveal themselves through a process of self-selection.  Examples of costly rituals include tattooing, scarification, piercing, circumcision, subincision, teeth pulling, body painting, and learning secret knowledge (Sosis).  Now, when one member of this group, exclaims to the others “I will hold my ground” it is credible.  It will change the expectations of the other members of the group regarding his behavior.  They will now change their behavior.  They will go against their self-interest and fight.  Sosis et al (Scars for War) found a positive relationship between a community’s observance of and the costliness of their rituals and the frequency with which it engages in warfare.

All of the above options are not mutually exclusive.  It is quite possible that multiple mechanisms are used simultaneously.  Some of these mechanisms still persist as complementary to the hierarchical command and control structures of modern warfare.  Indeed, according the line of reasoning above, under certain conditions (small numbers, familiar and repeated interactions) we should witness effective combat in the absence of a hierarchy.  On the other hand, however, when conditions turn unfavorable – the number of combat team members increases and/or the members of a combat team are relatively unfamiliar with each other or interact only on rare occasions – we should witness a different pattern of combat.  A combat team that is less effective at projecting violence.  In the next section we will review some evidence that is suggestive of these conclusions. 
III. Evidence
Our description of combat among pre-state societies will be drawn from the works of Karl Heider (1997), who studied the Grand Valley Dani of the New Guinea Highlands, and Gordon Larson (1987) who lived among the Dani of the Ilaga Valley.  Both were eye-witnesses to tribal warfare.  Indeed, Gardner et al. (1964) captured one aspect of Dani warfare in the 1963 documentary film Dead Birds.  Moreover, Larson (1987) recorded seventeen instances of open-field warfare among the Dani, three occurrences of which he observed in person.
  Consequently, their fieldwork, since it is not based solely on informants’ recollections of warfare, can be considered more reliable.

The Dani are simple horticulturalists.
  Politically, they are organized into territorial alliances and confederations. Each alliance and their constituent confederations are led by one or more Big Men.  Their leadership, founded upon influence and not coercive power, is neither hereditary nor formal.  There are twelve alliances, consisting of around five thousand individuals each, in the Grand Valley.  In the smaller Ilaga Valley, there are three alliances with around two thousand individuals each.  Wars, in both valleys, are fought between alliances and not confederations.

Dani warfare is a cycle composed of two interrelated and recurrent phases: ritual and secular warfare.
  Ritual warfare includes raids and ritual battles.  Raids are small-scale surprise attacks on one community by a dozen or fewer warriors from another.
  Raiding parties, having penetrated enemy territory, lie in ambush and wait for unsuspecting and isolated targets to appear before attacking.  Ritual battles, captured in the documentary film Dead Birds, involve hundreds of warriors on each side.  Fighting is scheduled and battlefields are pre-selected.  Opposing warriors gather each morning to within bow-shot of each other.  Fighting is individualistic and can continue uninterrupted for days, weeks or even months and still result in few if any deaths.  Secular warfare, on the other hand, has been described as the “violent” or “explosive” phase.
  It is during this phase that routs occur.  Routs consist of invading an opponent’s settlements and burning houses, destroying property, defiling burial grounds, and killing indiscriminately.  All community members - men, women, children, the aged, infirmed, or disable – are legitimate targets.  Routs are brief in duration and infrequent; however, they are the source of significant casualties and have widespread consequences: entire communities are expelled from the valley, alliances erupt and are re-configured, territory changes hands, and new no-man’s lands appear.
  Routs can arise as the outcome of large-scale pre-dawn surprise attacks or during the course of ritual battles.

Ritual battles arise when the confederations of one alliance combine to challenge the confederations of an opposing alliance.  They are pre-arranged.  There is no surprise.  War leaders, through discussion and consultation with allied leaders throughout the valley, rally warriors to their cause.
  The operative term here is “rally” – since no leader has the power to coerce a man to participate.
  If allies accede, then a war leader challenges his enemy.  At the agreed upon location, gathering forces, directed by their respective war leaders, oppose each other in open-order parallel lines.  Warriors are equipped with bow and arrows, possibly multiple throwing spears, and a jabbing spear (a very small number of warriors carry shields).  Jabbing spears play only a minor role.  With a limited effective range, they are more of a close-quarter combat weapon.  Opposing warriors would have to close the distance between them to be employed.  We have yet to come across any account in which opposing forces engage each other spear-to-spear in the open field.  Ritual battles are principally conducted with missile weapons – bows and arrows.  Moreover, in an attempt to appear more ferocious, individual warriors and especially war leaders embellish their standard military attire – faces and torsos smeared with pig grease, soot or dark clay - with plumes, shells and other ornaments.  These trappings of war are reserved for ritual battles, when display is paramount.  

Battle begins with a mutual display of ferocity.  Warriors, on both sides, perform mock-battle maneuvers, brandish their weapons, and scream high-pitched war cries.  Their war leaders and other non-combatants that have come to observe, in a sense their fans, cheer them on and hurl insults at the enemy.
  The transition from display to actual fighting occurs when both sides converge in the middle of the battlefield – each daring the other to make the first move – to start the first skirmish.  The first skirmish - like each subsequent skirmish - unfolds with braver warriors (the spearmen) hesitantly advancing to within 15-20 yards of each other.  They seek out specific enemy warriors to engage in a duel.
  All the while, they are supported by archers who release uncoordinated masses of arrows.  The Dani “never shot arrows in volleys”.
  To defend themselves warriors must remain vigilant - constantly dodging enemy arrows.
  With opposing warriors shooting, dodging, advancing and falling back as one side or the other mounts a charge the two extended lines continually undulate – but never come to grips with each other.
  They never cross the killing zone - …Throughout the engagement, warriors that are tired or have expended their full complement of arrows will retire to the rear to replenish both.  Yet, the decision to retire to the rear is an individual one.  Whole ranks do not retire en masse.  This is indicative of ritual battle in general.  For the most part, it is an individual affair in which warrior is pitted against warrior.  There are no “concerted maneuvers” on the fight ground.

Throughout the skirmish, leadership, while not completely absent, is limited.  

The command and control of Big Men (who are also not war leaders) is restricted to helping older men maintain the flow of arrows to the skirmishing warriors and reflecting and deliberating, with the war leaders, on the course of the battle (specifically the number of casualties - a balance of which can preclude a rout).  Both Big Men and war leaders, from their vantage point in the rear, can bolster weak points in the front line by directing warriors from their reserve forces to concentrate their effort at particular points.  Heider (1997) notes that “It was easy to imagine that they were something like battlefield commanders, directing their troops”, however, he continues, “these men were hardly commanding, and whenever they tried, no one was obeying.”
 

Each skirmish, which lasts between 30 to 45 minutes, is followed by a period of resting.
  During this time, war shamans attempt to inspire greater effort “by circle dancing with drawn bow” around them.
  Having received their instructions for the next round of skirmishing, warriors once again converge on the middle of the battlefield to begin the next round of skirmishing.  Fighting can last from dawn to dusk, excluding the possibility for rain, and include as many as 300 warriors on each side.
  It is in the failing light of dusk, when one’s accuracy with the bow begins to falter and arrow dodging is more difficult, that both sides agree to bring this day’s battle to a close.  This pattern will continue uninterrupted for as many days as it takes to reach a balance in battlefield deaths – “normally” no more than three months.
  Indeed, while ritual battles may results in “hundreds” being wounded, battlefield deaths are rather limited.
  One reason for this is that the danger that attends one’s participation stems primarily from the number of arrows simultaneously discharged – which once again is uncoordinated and therefore of limited danger.  Due to the absence of leaders with coercive power, individualism pervades the battlefield and “limits the effectiveness of groups in combat”.

Ritual battles, consequently, have been interpreted as a device through which competing communities can mutually agree upon a de-escalation of hostilities.
  The battlefield, however, is also a testing ground - each battle a “test of enemy strength”.
  In this context, where neither side enjoys a technological advantage, military strength can be defined as the number of combatants that a community can field each an every day of battle.  Indeed, ritual battles have been referred to as “man-power testing”.
  Allies play a pivotal role in ritual battles.  In the Ilaga Valley, the communities of the third alliance purposively split themselves evenly between the two owners of the conflict.
  The common reason given for this behavior was to “equalize the size of each fighting force” and thereby prevent the conflict from escalating to a rout.
  As mentioned earlier, whenever a balance in casualties is realized, a rout can be forestalled.  This is true.  Nonetheless, those communities that are owners of the war should suffer more losses than their allies.  And, among their allies, those coming from the same alliance as the owner of the war should suffer more losses than those allies that arrived from another alliance that is not a party to the dispute.
  In want of a balance of losses or a distribution of losses that fall in with the above expectations, allies may exit the fight ground or even switch sides during the course of a battle.  If so, a rout commences.  It begins with those combatants enjoying a numerical advantage charging forward.  Outnumbered, their opponents break ranks and flee the fight ground.  Retreating combatants rush back to their hamlets to gather loved ones and seek refuge with allies.  All the while, they are being pursued by spearmen who play out their role as combatants of asymmetrical warfare.  The scope of acceptable tactics widens.  In the field, no combatant is given quarter and all that can be are hunted down, killed and routinely mutilated.  At the hamlets, women and children are legitimate targets, arson is employed, and property damage is intentionally maximized.

Larson (1987) reports that out of seventeen documented cases of ritual battle, on seven occasions, one side was routed from the field of battle yet was able to rally support from allies in another part of the valley.  With the help of additional warriors, they matched the numbers of their opponents and continued ritual warfare at a later date.  However, on two occasions (the 10th and 14th wars) the losing side, unable to rally supports from allies, could not continue ritual battle and restore a balance in casualties.  In both instances, the losing side was pushed out of the valley (200 individuals in the 10th war and 2000 individuals in the 14th).

IV. Analysis
It can be argued that the numerical demands of ritual battle undermined the mechanisms that yielded cooperation in asymmetric warfare – that is, those mechanisms that allowed an individual combatant and his combat team to credibly commit to hold their ground.    First and foremost, larger numbers diminish the share of benefits that attend fighting - reducing the incentive to fight.  However, it is quite possible that the prize that attends victory in ritual battles is larger than that attends any asymmetrical conflict.  Mutual supervision is least costly and most effective when the number of interacting individuals is small.  Necessarily, as the team grows in numerical size, the ability to free-ride on the efforts of others increases.  Recruiting combatants outside of a community’s asymmetric combat team could have had deleterious consequences as well.  It can be argued that the inclusion of allied warriors eroded the familiarity and repeated play that facilitates cooperation.  The frequency of contact between allied combatants and their adopted combat team is more limited.  Consequently, the “discipline of continuous dealings” may lose effectiveness.  A combatant, looking forward, could conclude that it is worthwhile for allied combatants to renege.  Likewise, it can be argued that the use of costly rituals as a signaling device is undermined by the demands of fielding a numerically large force.
Signaling devices such as scars work because they are a self-selection mechanism.  It is reasonable to expect that the only way to increase the number of combatants in the field is to reduce the costliness of these rituals.  However, this allows for some free-riders to imitate the fighters.  Now, when one combatant in the field exclaims to the others “I will hold my ground!” it begins to lose credibility.  It may not change the others’ expectations.  Indeed, all of the aforementioned forces lead to that conclusion. Therefore, it may not change their behavior and we are back to our original outcome.  Together, an increase in the number and diversity, of combatants increased the complexity of the exchange environment for friendly combatants and put in play forces that adversely influenced the net advantages of holding one’s ground.  Knowing that others like you are unmotivated to hold the line, individual maximization predicts that if one’s interests are better served by shirking then one will do just that.
The ritual battles amongst the Dani demonstrate just that.  Except for the gathering of opposing forces at a particular time and place of battle, the conduct of ritual battle, among the Dani, is uncoordinated.  While the Dani do have in place a command-and-control structure, it is rudimentary at best and for the most part ineffective at influencing the behavior of their warriors in the open-field.  While convergence in the middle of the fight ground is indicative of some degree of cooperation among the members of opposing forces, its hesitancy and the fact that those forces maintain a distance of 15-20 yards inform us that cooperation at some point falters.  There exists a window of cooperation; however, there is no mass collision of opposing forces.  Two opposing lines continually undulating but never coming spear-to-spear, the absence of concerted maneuvers and volleys, the confused falling back and resting of warriors and the preferred choice of weapon (the bow and arrow as opposed to the spear) are all consistent with an incompletely internalized externality.  Individual warriors may traverse this distance and make contact with an opponent.  Others may provide them with indirect support by firing arrows.  The duel-like characterization of these interactions, however, provides additional support for free-riding.  These braver combatants fight alone.
Ritual battles are battles between individuals fought, for the most part, at a distance.  Barring, that is, the rare occasion in which a rout occurs.  Routs enjoy a higher degree of cooperation among participants.  This is consistent with our line of reasoning as well.  It is during a rout that one side or the other has turned their backs and run.  These circumstances reduce the expected marginal cost of fighting and as expected we observe a higher level of cooperation.  It is simply more rewarding.  This is consistent with Brennan and Tullock (1982).  When one side has broken ranks, their opponents all have a dominant strategy to fight.  
V. Conclusion
The challenge of coordinating the fighting efforts of friendly combatants has been a problem throughout all of human warfare.  Our capacity for collective violence was and is constrained by the simple fact that whenever a combatant exerts effort during combat he bears the entire marginal cost of this action; yet, enjoys only a share of the marginal benefits.  He confers a positive externality on other friendly combatants.  This challenge manifests itself in varying degrees, depending largely on the extent to which combatants can realize a binding agreement to commit them to the cooperative strategy of holding the line; that is, defending each others’ flanks and rear.  Achieving this requires getting organized and remaining organized on the approach to and during combat.  Organizing a collective of self-interested individuals is itself a challenge.  Supplying a set of rules to guide the combat team’s interactions is a public good.  Monitoring and enforcing each combatant’s compliance to the rules are also public goods.  Consequently, we would not expect a set of rules to be supplied and even if the were supplied we would not expect combatants to adhere to them.  They are trapped in a Prisoners’ dilemma and extricating themselves from this inefficient outcome requires the introduction of an external enforcement agent – a hierarchy.  The pattern observed by anthropologists in the Highlands of two opposing parallel lines continually undulating yet never closing is consistent with these underlying incentives.  On the other hand, in the cases of asymmetrical warfare (raids, ambushes, and surprise attacks) and routs it seems that combatants were able to voluntarily bind and commit themselves to fighting collectively.  
This paper’s empirical focus has been limited to communities in the New Guinea Highlands, however, whether hunters and gatherers or, like the Dani, simple horticulturalists, this pattern of combat has been described independently by anthropologists in numerous communities, including the Eskimo, Great Plains Indians, Northwest Coast Indians, and Aboriginal Australians (Gat).  For a significant amount of time, this pattern of organized violence among tribal societies.  However, this pattern of warfare did change.  At some point in our military history it seems that the survival criterion for small-scale communities changed.  While a significant amount of work is still needed, it can be argued that a community’s survival became contingent upon its ability to openly field large numbers of combatants – combatants willing and able to cross the “killing zone” (Defined by Webster as “an area where a battle has occurred with many fatalities”) and engage their opponent spear-to-spear.  Moreover, it can be argued that this asked too much of the mechanisms that yielded cooperation in the asymmetrical warfare of tribal societies.
The ritual battles of the Dani give us a sense of the limits of those mechanisms.  For the Dani, war leaders, Big Men and Shamans could endeavor to inspire more effort on the fight ground; however, no amount of peer-pressure, cajoling, or circle-dancing could fully internalize this externality in the open field.  Crossing the killing zone, which would require a tightening of the link between a warrior’s share of the prize and his battlefield performance, would have to await an organizational innovation; namely, the command and control of a hierarchical military organization (Cite T-H).  Until that time, ritual battles would tend to be inefficient and inconclusive.  While Alchian and Demsetz do not assign any authority to the monitor (beyond what the market will allow), others disagree (go to Miller).  Coase argues that the externalities of team production will be "internalized" if hierarchical direction is substituted for self-direction.  Within a hierarchy, the outside party's “authority” allocates each team member’s effort among alternative uses.  The “contract binds [each team member] to follow directions instead of determining his own course of action...”
  In other words, each member of the war party sacrifices his autonomy, so that the gains from team production can be captured.  
Individuals, however, are jealous of their autonomy.   There is a tension between autonomy and efficiency (Miller).  Organizing a hierarchy is a step that we can assume would be taken only hesitantly and if possible avoided.  However, as long as a community’s survival depends in some way on its ability to engage openly in large-scale collective acts of violence, there will be a demand for some form of organizational innovation.  These circumstances beg the question.  How can a society with a minimal degree of stratification solve this problem?  It will be argued in a later paper that the ultimate solution settled upon is the solution that we witness today in our military – a hierarchical command-and-control structure that has recourse to coercive power.  Indeed, this organizational innovation may have been an avenue through which authority was centralized in pre-state communities and the state arose (Molinero).
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� Like ourselves, du Picq recognized other factors that explain a soldier’s willingness to fight, including esprit, the “buddy effect”


� This explains our use of Braveheart and Lord of the Rings as motivating examples.  In both instances command and control on the part of one or both sides is limited at best. 


� The definition of team production is taken from: Alchian, Armen, and Harold Demsetz. 1972. Production, Information Costs, and Economic Organization. American Economic Review 62: 777-95.


� The insights of this section come from T-H p. 28.


� Indeed, he has an incentive to shirk.  The benefits of shirking include saving on the costs of fighting.  The costs include a drop in output.  Because of the aforementioned interdependence, his shirking makes those around him less productive.  Yet, since he is only rewarded a share of the output he bears only a share of these costs - his share of the output forgone.   


� It may be possible for this percentage of the benefits does not transcend the costs, then a combatant does not have an incentive to fight.  


� Males are the individuals who participate in warfare – note the role of women as well (Keeley 1995). For source go to Daly and Wilson “Homicide” 1988 p. 171)


� Larson (1987) page 22.


� Anthropologists employ the convention of the ethnographic present in their writings – that is, using the present tense in their descriptions even though time has elapsed between the description and the actual fieldwork.  We will use that convention as well.


� Heider (1997) page 68 and Larson (1987) page 245.


� Heider (1997) page 103. Shankman (1991) page 308. Larson (1987) page 166.


� Shankman (1991) page 301.


� Heider (1970) page 121.


� Heider (1997) page 103.  Shankman (1991) page 301, 308. Larson (1987) page 245.


� Larson (1987) page 255.


� Heider (1997) page 101. Larson (1987) page 247.


� Larson (1987) page 260.


� Larson (1987) page 259.


� Heider (1997) page 104.


� Heider (1997) page 103. Larson (1987) page 259.


� Heider (1997) page 104.


� Hieder (1997) page 116.


� Heider (1997) page 104.


� Larson (1987) page 260.


� Larson (1987) page 253.


� Larson (1987) page 260.


� Larson (1987) page 246.


� Larson (1987) page 261.


� Heider (1997) page 116.


� Rappaport (1984) page 122.


� Larson (1987) page 257.


� Shankman (1991) page 310.


� Larson (1987) page 250.


� Larson (1987) page 286.


� Larson 1987 pages 262 and 263.


�Cheung,Steven N. 1983. The Contractual Nature of the Firm. Journal of law and Economics26:1-21. p. 5.
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