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256 PTER TI

Cnlenty over resources. ¥irsy, although dominance relationships are frequently
vorrelated with some measure of competitive ability (Wilson, 1975; Fournier
& Festa-Bianchet, 1995) (Fig. 11.1a), they often appear to be more clear-cuz
than expected from the individuals’ relative RHP, and some are even based on
traits that are uncorrelated with RHP (e.g. seniority or age). Second, the patremmn
of interactions between pairs often changes through time. Initialky, fighiing
may occur even in the absence of a resource, and the subordinate subsequently
defers to the dominant without a fight.

These observations suggest that individuals may compete for dominance
.ﬁnﬁ se and learn from the first few encounters with their opponent {see
Huntingford & Turner, 1987: Clutzon-Brock & Parkey, 1995).

Both processes are well illustrated by the development of dominance
relationships in blue-footed boobies {(Drummond & Osorno, 1992}. Two chicks
hatch asynchronously in each nest. The older chick frequently pecks and jostles
the younger for the first few weeks even in the absence of food and then
maintains dominance by less frequent but daily aggression. The younger chick
responds to aggression with submissive gestures and rarely challenges the older.
Thus, the older chick establishes dominance and subsequently gains greater
access 1o food. The younger chick usually behaves subrmissively even if it grows
larger than the older (females grow more quickly and are eventually larger
than males).

The Importance of early experience is illustrated by a series of experiments
that paired chicks with different backgrounds. When chicks that kad heen
raised alone {and thus lacked any experience of dominance or subordinacy)
were intreduced ro other singletons, the pairs established dominance relation-
ships solely oz the basis of size. But, when birds that had been raised in pairs
were given new companions, dominant chicks maintained their dominance
ever: when they were smaller than the new subordinate. Although large
subordinates challenged the dominant chicks more often, they did not fight
as tenaciously as the dominants and were more likely to adopt submissive
postures.

Such winner-loser effects are commen in species as diverse as crickets
and mice (Huntingford & Turner, 1987) and may explain why dominance is
sometimes determined solely by age or seniority rather than by differences in
RHP. In some species, dorninance changes with age according to a bell-shaped
funcrion which reflects the greater RHP of prime-aged animals (Fig, 11.1a).
However, in other cases, dominance appears to increase continuously with
age {e.g. dwarf mongooses: Creel eral., 1992; cooperatively breeding birds: see
Chapter 10), although this may still reflect rising RHP if very old individuals
are not able to suxrvive in the population. Among male hyenas (Smale et al,

1996), dominance is determined by the length of time an individual has resided
in the group {Fig. 11.1b).

Older or senior individuals presumably enjoy an initial competitive advar-
tage so that the younger or newer individuals learn to defer and then continue
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Fig. 11.1 The relationship between age and dominance in three different mammalian
species. (a) In immigrant maie baboons, dominance shows a bell-shaped relationship
because prime-aged males have the highest RHP. (Modified from Packer, 1979.) (b} In
immigrant male hyenas, dominance is not correlated with age, but instead increases with
the length of residence in the clan. {Left-hand graph provideg by K. Holekamp & L. Smale,
personal communication; right-hand graph is modified from Smale eral,, 1997.) (¢} In
female rhesus macaques, dominance is unrelated to age except as revealed by birth order.
In the right-hand graph, each femaie’s age is indicated by the length of a horizontal line,
and her marternity is indicazed by each vertical fine. Six females were daughters of a
deceased female that is marked with a dircle in the top-right comer. Note that each
daughter outranks ail of her older sisters with the exception of the second-ranking female.
Also note that each daughter ranks beneath her mother but above every adult that ranks
lower than her mother. {Both graphs modified from Hinde, 1983.)
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Box 11.1 Cont’d.

in rank vntil she ranked below all the members of the C matriline. When her
mother {A}) was added to the group, A maintained her rank above the C
matriling, and defended her daughter against members of the C matriline, so
that A} eventually regaired her rank above the € matriline. In all other cases,
mothers or adult daughters were also able to help their daughters or younger
sisters 1o regain their rank {Chapais, 1988b).

Maintenance of rani

In & series of 58 experiments, a fernale from a high-ranking matriline was
deprived of her allies and placed with:

1 asingle but older/larger low-born female;

2 two or three low-born sisters;

3 a complete subordinate matriline.

Out of 148 dyads of high- and low-ranking females, dominance reversals
occurred in $6%. The likelihood that the female lost her rank depended on
two factors: (i) her absolute age; and {ii) the number of lower-ranking fermnales.
Females were most likely to maintain their rank when they were older and
were placed with few rivals.

For example, when a 3-year-old member of the A matriline (A3} was placed
with a B female that was 1 year older, A3 maintained her rank, and she was
also abie to maintain her rank above a pair of B sisters. But, when she was
placed with two C sisters, one of whom was 2 years older, she did not maintain
her rank. When a female aged £ years or older from the A or B mauiline was
placed with an entire lower-ranking matriline, the female only managed ¢
maintain her rank in five of 12 cases. For example, the matriarch A, maintained
her rank over the entire B matriling, but B was not able to maintain her rank
above the C matriline {Chapais, 1988a).

Chapais concludes the following.

1 Competition for rank is ubiquitous in matrilineal hierarchies, with low-
ranking females constituting a potential and constant threat for any high-
ranking female.

2 Kin can form revolutionary alliances.

3 Rank maintenance is conditional on the high-ranking female having
enough afliance power to counter revolutionary alliances.

4 Competition for rank is somewhat constrained. In cases where the high-
ranking female was cutnumbered, rank reversals only occurred when the
power asymmelry {relative sizefage or relative alliance power) was pro-
pounced. Chapais refers to this as a ‘minimal risk strategy’ of competition. for

dominance.
Continued on p. 267
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Box 11.1 Cont’d.

Non-kin alliances

74 4
ibdl 45

13
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Fig. B. 11.2 Distribution of noa-kin interventions among the three matrilines. The
thickness of the arrows is proportional to the frequencies of interventions (numbers).
Support given to a matridine (direction of arrow) is necessarily against the third
matrilineg, (From Chapais ¢t al., 1991.)

Figure B.11.2 shows the pattern of suppert between matrilines in the intact
group. Members of A and B matrilines consistently supported each other against
C, and rarely supported members of the C matriline against the other matriline.

In a series of experiments, a single female from the A or B matrilines was
placed with the two other matrilines. In each case, the higher-ranking matrifine
supported the lone female against the C matriline rather than vice versa. For
exampie, B was placed with the A and C matrilines. When B was alone with
the C matriline she lost her rank (see p. 260). However, when the A matriline
was also present, they supported her against the C matriline so thatr she
maintained her rank above the Cs.

When Al was placed with the B and C matrilines, the B matriline outranked
Al, but supported her against the C matriline, rather than supperting the C
matriline against her. Thus, she maintained her rank above the C matriline
{Chapais et al., 1991},

Chapais (1992) suggests that matriliceal hierarchies evolved from an in-
itial state in which females were ranked by age or individual RHP. Fernales
protected their daughters when they were most vulnerable and helped them
side-step the lowest rungs of an age-graded hierarchy. RBecause mothers would
be expected to support their daughters against more distant relatives, females
eventually banded together with their daughters and granddaughters to
overpower any high-ranking female that attempted to act on her own.

A Hinear hierarchy, however, would be unstable if fermales only supported
members of their own matriline because a large low-ranking family could
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264 CHAPTER 11

retained ownership of the resource, and no persistent dominance relationships
would be expected. African lons provide an apparent example.

Female lions compete with their pridemates for access to meat but
respect each others” ownership of specific feeding sites at each carcass {Packer
& Pusey, 1985). Their prey have tough hides, and rmeat can be exiracted
most readily from certain paris of the carcass. The first female to feed from
each site refuses to yield to any other female in her pride, lunging and
snarling if another ventures too close. Females ‘respect’ each pridemate’s
ownership, and roles are reversed as active feeders become temporarily sated
and move away from the kill. Breeding appéars to be egalitarian, and
dominance hierarchies have never been reported in female lions {Packer
et al, 1988) —in marked contrast to every other species of sodial carivore
{e.g. hyenas: Frank et 4., 1995a; mongooses: Creel ef al., 1992; wild dogs:
Malcolm & Marzen, 1982).

Mele lions form coalitions that compete intensively agains: other coalitions
for access to female prides, bul coalition partners also compete for access
to individual oestrous females (Packer & Pusey, 1982). When one male forms
a consoriship with an oestrous female, his coalition parmers respect his
‘ownership’ of the female, avoiding the pair and retreating from the threats of
the consorting male, Again, dominance is temporary and state dependent,
with an owner on one occasion becoming a rival on another. Individual mating
success is unequal in coalitions where companions vary in age or size but is
equivalent in coalitions where comparions are evenly matched. However,
paterniry tests revealed a considerable skew in reproductive success in larger
coalitions (Packer ef al, 1991), even in groups that showed no obvious
dominance hierarchy. We do not know whether ownership rules are ignored
by those few males who do enjoy high reproductive success, or i reproductive
skew results from some other form of male-male competition or from the
preferences of the females.

We have argued that lions respect ownership both because contestants
are usually evenly matched in age and size and because of the high costs of
fighting. Besides having sharp teeth and strong jaws, lions can easily blind an
opponent with their claws. However, hyenas are aiso formidable fighters yet
show strict dominance (see Section 11.2.3). An additional cost of fighting
to lions is that companions are vital alliance partners for territorial defence
and damaging or killing a companion would be highly detrimental (see
Sectien 11.3.3).

11.2.5 Pominance and models of reproductive skew

Models of reproductive skew (see Chapter 10) may help explain the occurrence,
strength and intensity of dominance hierarchies. Assurning that the dominant
can control the subordinate’s reproduction, these models predict that four
parameters will affect the extent to which reproduction will be skewed:
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1 the probability a subordinate can breed successfully on its own elsewhere;
2 the extent to which the subordinate can increase the dominant’s
productivity;

3 the genetic relatedness of the pair;

4 their relative fighting abilities.

Under certain circumstances, dominants are expected to cede reproductive
opporiunities 1 subordinazes to induce them to stay (staying incentives), or
to induce them to cooperate without fighting (peace incenzives). In general,
these incemtives will increase with increasing prospects for breeding alone
{since leaving becomes more advantageous for the subordinate), increasing
productivity by the dominant (since the dominant can afford te surrender
more 1o the subordinate), and decreasing kinship (since the subordinate gains
fewer inclusive fitness effects from assisting the dominant). Peace incentives
will increase as fighting ability becomes more similar.

How do these incentives influence dominance behaviour? # dominants
cede rmore reproduction to subordinates, do they merely permit subordinates
more access to food or mates, while continuing to enforce sirict dominance,
or do dominance relationships themselves become less clear-cut? Keller and
Reeve (1994) suggest that as the incentives increase, the frequen:cy and intensity
of dominance interactions should decrease, not only because subordinates gain
a lower payoff from “testing the fighting ability of the dominant, but also
because dominants have less to lose from such challenges. Dominance should
therefore be most pronounced when skew is high, but this does not appear to
be the case in several mammalian species. Male lions generally exhibit high
skew but inconspicous dominance, while ferale baboons exhibit relatively
low skew but pronounced dominance. However, much more research is
necessary to quantify the severity of dominance interaclions across species
and to measure their associated skew.

11.3 Cooperation

Although kinship plays an essential role in the evolution of cooperative
behaviour (as reviewed in Chapters 9 and 10}, the formation: of cooperative
relationships between non-relatives has also generated considerable theoretical
interest and extensive empirical research. Cooperative behaviour is often
assumed to involve a short-zerm cost (if only through an 'opportunity cost’
from failing to behave selfishly), but the long-term consequences of repeated
cooperation may be fundamental to understanding social relationships. In fact,
most theoretical work explicitly recognizes that cooperation involves repeared
interactions between the same pair of individuals.

11.3.1 Reciprocity

The basic paradigm for most evolutionary models has been the “Prisoner's
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Although TFT has often been considered an evolutionarily stable strategy
(ESS: sensu Maynard Smith, 1982}, there is no ESS in the iterated prisoner’s
dilemma. This partly results from the mathematical pathologies of the repeated
game: in a population of TFL an urconditionally cooperative strategist {ALL-
C) would gain the same overall payoff and thus be able to persist by drift.
Once enough ALL-C have appeared, the population could be invaded by ALE-
D. In addition, certain strategy combinations can replace TFI. A population
playing TET can be invaded by a pair of mutant strategies calied tit-for-two-
tats (TF2T), which waits for its opponent to defect twice in a row before
retaliating, and suspicious TFT (STET}, which has an initial bias to defect before
playing TFT {Boyd & Lorberbaum, 1987 }.

The rost important weakness of TFT, however, is that any mistakes can
Jead to a permanen: breakdown in cooperation (Box 11.3). Thus, if both

Box 11.3 The problem of mistakes

As originally formulated, the iterated prisoner’s dilemma assumed that animals
never made any mistakes in judging their opponent’s behaviour, but TFT is so
responsive that a single mistake leads to a long series of mutual retaliation:

Mistake
l
1’'s payoff RRRRRRRRTSTSTS...
Player 1: TFT CCCCCCeepenlDe.
Player 2: TFT CCCCCCCCeDehCh..
2's payoff RRRRRRRRSTSTST..

By the convention of these models (T+8)/2 <R, s0 these over-reactive
responses confer lower fitness than a strategy that ¢an recover from such
mistakes and resume mutual cooperation. The simplest of these is TF2T which
only siops cooperating after two successive defections by its opponent:

1‘s payoff SSPPPEPPPPPPPP..
player 1: TF2T CCDRDDDDEDDDDD..,
Player 2: ALL-D DDDDDDDDDDDDDE..

2’'s payoff TTPPPPPPPPPPPP...

TE2T is not provoked into defecting by a single mistake:

Mistake
{
1's payecff RRRRRRRRTRRRRR...
Player 1: TF2T CCCCCCCCDCCCC...
Player 2: TF2T CCCCCCCCCCCCel..,

2's payoff RERRRRRRSRRRRR..
Continusd on p. 269
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Box 11.3 Contd.

The most robust of these mistake-correcting strategies is called "Pavlov” be-
cause it changes its behaviour after receiving a poor payoff (P or §), but repeats
its behaviour after receiving T oz R. Pavlov also has an initial bias to cooperate:

Mistake
3
1's payoff RRRRRRRRTPRRER..,
Player 1: Pavlov CCCCCCCCDDCCC.,
Player 2: Pavlov  CCCCCCCCCDRCCCC..
2's payoff RRRERRRRSPRRRR..

Note that the individual receiving T defected again in the following move
whereas the individual receiving S changed its behaviour to defect. But, once
both received P, both changed their behaviour to cooperate, and mutual
cooperation was thereby restored.

Pavlov can also exploit an unconditional cooperator (ALL-C). Whereas
TFT or TF2T would quickly return to mutual cooperation after a single round
of exploiting ALL-C, Pavlov continues to defect and therefore ‘never gives a
sucker an even break” )

Mistake
4
1's payoff RARRRRRRTTTTTT..
Player 1: Pavlov CCCCCCCCDDDDE..
Player 2: ALL-C CCCCCCCCCCCece..
2's payoff RERRRRRRSSSSSS...

Although Pavlov performs better than TFT in an imperfect world, it fares
poorly in a population of ALL-D {only receiving SPSPSPSP...).

Against
Payoff to Pavlev ALL-D
Pavlov RN NS+ P2
ALL-D N(T+ P2 PN

‘Thus, Nowak and Sigmund’s (1993) analysis suggests that Pavlov is most
likely to appear in a population after TFT has replaced ALL-D and can only
persist if R> (T + P)/2.

opponenis play TFT, a single mistake sets up an alternating pattern of
retaliation with each animal changing its behavicur in response 1o its partner
until a second mistake either restores mutual cooperation or leads to mutual
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Box 11.4 Cont'd.
orn:

i's payoff
Player 1: ALL-D
Player 2: BLL-D

2’s payeoff

woo oo™

But when both cooperate:

1's payoff RRRRRRRRRERRRR...
Player 1: ALL-C CCCCCOCCCCCCll..
Player 2: ALL-C CCCCCCCCCCCCCll.,

2's payoff RRRRRRRRRRRRRR..

Thus, the cumulative payoffs are:

Against
Payoffto  ALL-C ALL-D
ALL-C RN s
ALL-D T+ X{N-1) Por P+ X{N~1}/2

I N > 1 and R > {T + X)/2, the most likely outcome would be unconditional
cooperation. However, the population would have to be structured for
cooperation to invade a population of pure defectors. Note that in this case,
pure cooperation clearly fares better than any conditional strategy {such as
TFT) if anirnals risk mistaking their companton’s behavicur.

Group-living often confers advantages strong enough to counter the short-
term advantages of seifish behaviour. A good example is Lira’s {1989) model
of cooperative vigilance. Each individual must trade-off vigilance for foraging.
A more vigilant individual protects itself and its cormpanion from predation,
but spends less time foraging. The short-term selfish optimurm should therefore
involve relatively litile vigilance. However, because the predator is assumed
to capture only one prey at a time, an animal’s survival greatly reduces its
companion’s risk of predation (due to the dilutien effect). Thus, ina repeated-
encounter game, artmals will have to improve their companion’s chances of
survival so as to minimize their own long-term risk of predation.

C: Producers versus scroungers

Obtaining resources can often entail an inherent cost, but no resources will be
Conttinued on p. 273

Box 11.4 Cont'd.

available uniess someone works to extract them. In this case, there may be a
ternptation to defect (T > R), but cooperators are at an advantage when they
are rare.

Against
Payoff 10 Cooperate Defect
Cooperate Viz-Ci2 viz-¢
Defect vi2 0

Two individuals compete {or a rescurce of value, V; extracting the rescurce
incuxs some cost, €. As long as someone works to extract the rescurce, it is
divided between both centestants. i both work together, each pays 50% of
the costs. As long as W2 — C> 0 cooperators {producers) can invade defectors
{scroungers), but if defectors gain equal access 1o the resource withous paying
any costs, scroungers can always invade producers.

In this case cooperation will be frequency dependent, and in large groups
subsets of cooperators may coexist with a proportion of defectors,

D. Coerced cooperation

Most models of cooperation assume that aninzals have only two options, either
10 cooperate or to defect. In addition, these models assume that both players
possess exactly the same skills and REP. However, maos: animals live in groups
with definite dominance hierarchies and their relationships will generally be
asymmetrical (see Secticn 11.2}. Thus, a difference in RHP or dominance rank
may permit one animatl to coerce its companion into behaving cooperatively
(Clutton-Brock & Parkex, 1995). Note that the following analysis now describes
phenotype-limited strategies.

Consider a two-persen game with the same basic structure as the prisoner’s
dilemma. However, now allow a dominant animal to punish any subordinate
that fails to behave cocperatively. Let ¢ be the costs 1o the dominant of
punishing the subordinate, and i the costs to the subordinate of being punished,
If $ » P—i, then a defecting subordinate will do better to change its behaviour
10 cooperate than to risk further punishment. If the subordinate subseguently
starts to cooperate and T-d > P, the dominant benefits by punishing the
subordinate every time it defects:

Continued on p 274
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276 CHAPTER 11

Here we outline three different studies of cooperative behaviour that highlight
the difficulties in disentangling the alternatives.

Cooperation in African lions

Field studies confirm that African lions are highly cooperative. Lions hunt in
groups (Scheel & Packer, 1991; Stander, 1992), females raise their youngin a
communai créche {Pusey & Packer, 1994) and both sexes defend joins terrizories
against like-sexed individuals {(McComb e al., 1994; Heinsohn & Packer, 1995;
Grinnell et al., 1995). Lions of each sex gain higher repreductive success by
living in groups {Packer er al., 1988): males in larger coalitions gain higher per
capita reproductive success than those in smaller coalitions, and females in
moderate-sized prides have higher fitness than those in very small prides. These
advantages, however, are the surnmed outcome of a variety of behaviours,
and we discuss the evolutionary basis of each in turn,

Group hunting. By hunting together, individuals can increase their joint hunting
success so that R > P. However, an individual joining a hunt is likely 10 incur
costs, whether from the energetic effort required to capture the prey or from
the risk of injury while subduing the prey. When the prey is large enough to
feed an entire group, the decision 1o join a group hunt may follow a prisoner’s
dilemnma (Packer & Ruttan, 1988). If the success rate of a lone hunter is already
high, a second hunter may not be able 1o improve the group’s success rate
sufficiently to overcome its own costs of hunting, in which case T> R. However,
if individual success rate is very low, two heads may be so much better than
one that the improved chances of prey capture can overcome the personal
costs of joining the hunt, in which case R> T.

Lions, like most other group hunters {Packer & Ruttan, 1988), show the
clearest evidence of cooperation when R is likely to be greater than T, and thus
when cooperation is mutualistic. Scheel and Packer (1991 ) found that individual
behaviour during group hunis could be dlassified into several discrete strategies,
one of which, refraining’, involves almost no participation in the hunt.
‘Refrainers” remain stationary or move enly a few paces towards a distant
prey animal and do ot join in the final charge. Other lions dearly cooperate,
actively stalking the prey and participating in the final charge. Consisten: with
predictions of mutualism., the probability that Serengeti lions cooperated during
a group hunt depended on two factors relating to hunting success.

1 Lions were most likely to cooperate when the prey was difficult 1o capture,
and showed higher levels of ‘refraining” when their companions pursued prey
that was more easily captured.

2 Since male lions are less skillful hunters than females, they are less able to
improve the females’ success rate, and they ‘refrained’ more than females,

Perhaps the most impressive data on cooperative hunting in Hons comes
from Stander’s (1992) studies in Namibia. These animals demonstrated a clear

ECOLOGY OF RELATIONSHIPS 277

division of labour, with certain individuais habitually stalking to the lefi, others
habitually stalking to the right and the remainder moving directly towards the
prey. However, they huanted fleet-footed prey in open habitat, and individual
hunting success was close 10 zexo. Thus, their cooperative hunting was highly
likely to have been rutualistic.

Across a variety of species, cooperative hunting appears to be restricted to
circumstances of simple mutualism (see Caro, 1994; Creel & Creel, 1995),
even though cooperation might theoretically evalve by reciprocity. However,
it might often be impossible to detect whether a hunt has failed due to the
elusiveness of the prey or 10 the defection of another hunter (Packer & Ruttan,
1988}. Strategies suck as TFT and Pavlov are sensitive to the mistake rate (see
Box 11.3), and thus reciprocity may not evolve in situations where failure is
the most likely outcome of a cooperative interaction.

Although cooperative hunting appears to be largely mutualistic, this con-
clusion must be considered provisional until experimental tests of reciprocity
can be devised. All published studies are strictly correlative; no field study has
evermeasured T, R, Sand P.

Communal cub-rearing. Female lions pool their cubs in a *créche’ and raise them
communally, even nursing each other’s cubs. In the short term, communal
nursing may involve a prisoner’s dilemma (see Caraco & Brown, 1986). A
defector directs all her investment to her own cubs while a cooperator allows
all cubs to nurse equally. Thus, the defector pays some small costs of vigilance
to ensure that only her cubs nurse from her, but her cubs gain exclusive access
to her milk. A pair of cooperative females avoid the costs of excluding other
cubs (R > P), but when a defector is paired with a cooperator, the defector's
cubs gain all their mother’s milk pius a portion of the cooperator’s (T), while
the cooperator’s cubs only gair: a portion of their mother’s mitk (5). With trivial
costs of enforcement, T>R>P> 5.

However, females do not form créches in order to engage in communal
nursing. Créches are protective coalitions against infanticidal males, and groups
of mothers are more effective than solitaries (Packer et al., 1990). Once together,
though, the mothers have te balance a number of different activities, and cubs
often try to nurse when their mothers are resting or sleeping. Thus, mothers
are constrained to be gregarious and cormmunal nursing is largely a consequence
of their cubs’ parasitic behaviour (Pusey & Packer, 1994). It is therefore
misleading to view communal nursing in isolation. Instead, losing milk to non-
offspring appears to be a cost of forming the créche, with individual females
adfusting their milk distribution according to their personal costs.

Field observations revealed that female lions nursed indiscriminately
only when paired with their closest female kin. When their companions were
distant relatives, mothers directed most milk to their own offspring. Lion iitter
size varies from one to four, and milk production appears to be independent
ol litter size. Females with small litters were more generous than mothers
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280 CHAPTER 11

Godin and Davis's {1995a,b} data suggest that § > T, but their methods have
been criticized by Milinski and Bolishauser (1995), and data collected by
Dugatkin (1992) suggest that, in mixed groups, individuals that had pre-
viously been classified as inspectors suffered greater predation risk than
Non-inspectors.

In the absence of any consensus concerming the payoffs, it is still possible
to test hypotheses that distinguish between TFT and shoaling. Assuming that
the fish are in a prisoner’s dilemma and that they are playing some form of
reciprocity. they should copy each other's behaviour according to certain rules
{Lazarus & Metcalfe, 1990; Reboreda & Kacelhik, 1990; Huntingford ef al.,
1994; Stephens ef al., 1996). If both animals cooperate on one move they
should continue 1& cooperate on the following move; if both defect, both should
either defect again (if playing TFT) or cooperate (if playing Pavlov). If one
cooperates and the other defects, then the behaviour of one or both will be
expected to change depending on wherther the animals are playing TFT or
Pavlov.

The predicted transition matrices for these two strategies are given in Table
11.}, as well as empirical data collected by Stephens et al. (1996} who took as
separate ‘moves’ the animals’ net movement every 1.09 s, These data show
that while muzual cooperation is followed by further cooperation 57% of the
time, and that mutual defection is typically followed by further defection
{consistent with TFT}, the most importan: predictions of TFT and Pavlov are

not met. Whenever a non-cooperator is paired with a cooperator, the fish

were not réactive but instead tended to repeat their prior move {the most
common response to CD was CD, etc.).

Consistent with shoaling, however, fish were most likely to copy each other's
movements when they were in close proximity and to move towards each
other when farther apart (even when this meant moving in opposite directions
with respect to the predator), Thus, a major goal of their movements seems to
be to maintain close proximity with their companion, rather than to maintain
a close check on each other’s cooperative tendencies.

Critics of the shoaling hypothesis counter that if there was an inherent,
mutualistic advantage of grouping, then every fish in the tank should ap-
proach the predator together whereas they typically approach in pairs (Milinski
etal., 1990; Dugatkin, 1996}, Pairwise approaches are also considered evidence
of reciprocity since TFT is most likely to evelve in small groups (Boyd &
Richerson, 1988). Proponents of shoaling counter that the advantages of
predator deterrence are likely to be frequency dependent. so that the optimat
group size for approaching the predator may only be one or two {Godin &
Davis, 1995b; Stephens ef al., 1996).

The chief attraction of this system compared 1o most field studies has
been tha: short-term payoffs are likely 10 be the sole determinant of the fishes’
behaviour. However, it is disturbing o realize how inconclusive the predator
inspection/deterrénce controversy has been. Perhaps it is futile to study the
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Table 11.1 Transition matrices for predator-approach behaviour predicted by TFT, Paviov
and empirical data collected by Stephens et al. {1996). The unique predictions of TFT are
printed ir bold, and of Pavlov in imlis. By TFL if both defect (DD} in the first move then
both should continue to defect (DD) in the next move: if one defects when its partner
cooperates in the first move (DC), the two should reverse their behaviour (CD) in the
second, and vice versa (CD — BC), while a cooperative pair {CC) should continue to
cooperate (CC). With Paviov, mutual defection {DD) should provoke rutual cooperation
(DD = CC), as should mutual cooperation, whereas defection by a single partner should
lead to mutual defection (CD — DD and DC - DD).

To
From DD BC ch cC
Tit-for-tat
DD 1 0 0 0
nC 0 0 1 0
€D 0 1 G o
cC [ 0 o] 1
Pavlov
DD 0 [ 0 I
DC ! 1] [\ ¢
CDh ! 0 0 ¢
CC u] 0 0 1
Observed
oD 0.609 0.156 0.147 0.088
DC 0.26¢ 0.362 0.117 0.256
CcD 0.240 0.167 0.359 0.234
cc 0.090 0.135 0.204 0.571

evolutionary mechanism of cooperation when short-term payoffs cannot be
experimentally controlled and manipulated.

Cooperative key-pecking in blue jays

In order to clarify the role of shori-term payoffs in eliciting cooperative
behaviour, Clements and Stephens (1995) conducted a series of operant feeding
experiments where pairs of blue jays were each allowed to press one of two
coloured keys. One key had the effect of being cooperative because if both
cooperated, both received R, whereas if both pressed the opposite key, both
received P, with R > P. The payolfs for these experiments (measured in numbers
of food peliets) either conformed 1o a prisoner’s dilemma or to simple mutualism
(Fig. 11.2) and were held constant until the birds showed the same response
more than 90% of the time for 4 consecutive days.

The birds typically completed 200 trials per day, and all three pairs showed
the same result (Fig. 11.2): after a brief period of random pecking, they reacted
to the prisoner’s dilernma by settling inte a pattern of mutual defection. Once
the payolfs were changed to mutualism, the birds showed mutual cooperation.
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