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Summary. 1. In Maynard Smith's 'war of attrition' 
model of animal conflict, two identical opponents 
fight over a unitary resource and the winner is the 
individual that is prepared to go on longer. The evolu- 
tionarily stable strategy (ESS) is for individuals to 
vary in their selection of 'bids '  (fighting durations) 
so that the probability density of bids follows a nega- 
tive exponential distribution. In nature, the distribu- 
tion of selected bids cannot be observed directly, be- 
cause contests are terminated by the opponent with 
the lower bid. We therefore derive an expected distri- 
bution of contest persistence times. 

2. Struggles between male dung flies (Scatophaga 
stercoraria) for possession of a female can be evalu- 
ated in terms of Darwinian fitness as expected number 
of eggs fertilised/time. Fitness calculations must ac- 
count for the energetic costs of struggling relative 
to searching for an alternative female; a plausible 
range of relative energetic costs is deduced. Though 
there is a superficial concordance of observed struggle 
persistence times with that predicted from a war of 
attrition with linear costs, this breaks down when 
the data are analysed in component categories. Fur- 
ther, dung fly struggles are clearly asymmetric con- 
tests. We suggest that struggles are settled by a form 
of assessment strategy involving acquisition of infor- 
mation during the contest about the relative resource 
holding powers of  the two contestants. 

Introduction 

Maynard Smith's development of the 'evolutionary 
stable strategy' (ESS) concept (e.g. Maynard Smith 
and Price 1973; Maynard Smith 1974) is probably 
the most important recent development for sociobiol- 

ogy. A strategy is an ESS if, when fixed in a popula- 
tion, it cannot be invaded by any alternative mutant 
strategy. ESSs can be pure or mixed. Following the 
terminology of game theory, an ESS for a given set 
of circumstances is said to be ' pure '  if all individuals 
play the same unique strategy. It is 'mixed '  if a set 
of strategies coexists with probabilities prescribed by 
the ESS. 

The 'war of attrition' type of animal contest 
(Maynard Smith and Price 1973; Maynard Smith 
1974) gives a mixed ESS solution. In this game, two 
animals engage in combat for a resource that would 
increment the Darwinian fitness of either opponent 
by V fitness units. Combat is by display or struggling, 
which continues until one animal gives up. The one 
that is prepared to persevere longest wins the re- 
source. The cost of the contest to both opponents 
is equal and fixed by the individual that gives up 
first. Contest costs are linear and described by vari- 
able x, and the ESS is to select, before a contest, 
a value x specified by the probability distribution 

p (x) = 1  exp ( - x / V )  (1) 

(see Maynard Smith 1974). It makes no difference 
whether a given individual always plays the same 
strategy [and frequencies of individuals follow p(x)], 
or whether each individual plays strategies with the 
probability density p(x), though the first so lu t ion  
creates major genetic problems with sexually repro- 
ducing diploidy (Maynard Smith and Parker 1976). 

The war of attrition has been examined analyti- 
cally in detail in general form by Bishop and Cannings 
(1978). Norman et al. (1977) noted that with a general 
cost function in which the costs c(x) are positive, 
differentiable, and increasing [c'(x) > 0] and satisfy 

c(0)=0 and lira c(x)=Go 
x ~ c o  

* Present address : Department of Zoology, University of Liver- 
pool, Liverpool L69 3BX, England then the ESS corresponding to (1) is 
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1 
p(x) = V  c'(x) exp [ - c(x)/V] (2) 

which reduces to (1) when c(x)=x (i.e. linear costs). 
We know of  no attempts to examine whether ani- 

mal disputes fit the war of attrition model by estimat- 
ing V, c(x), and observing persistence durations. In 
the present paper, we first find the distribution of 
persistence durations that will be observed if(2) holds. 
We then examine the distribution of struggle dura- 
tions shown by male dung flies fighting for possession 
of females, for which we can estimate V and c(x). 

Results 

The Model." Distribution of Persistence Times 
in Wars of Attrition 

In (1) and (2), p(x) is the distribution of costs that 
individuals in a population are prepared to play, not 
that which will actually be played, because disputes 
are terminated by the opponent selecting the lower 
persistence time x. Norman et al. (1977) noted this 
problem, but did not attempt a solution, when dis- 
cussing distribution of  display times in brown-headed 
cowbirds, Molothrus. To investigate whether per- 
sistence durations in nature fit the war of attrition 
ESS, we must derive the expected distribution of per- 
sistence times, Po(X), that will be observed if indivi- 
duals select strategies in accordance with p(x). 

Distribution po(X) can be solved from (2) as fol- 
lows. The probability that a given combatant has 
selected a strategy greater than x is 

p(y)dy= ~c'(y) exp[-c(y)/V] dy 
x x 

= [exp [ - c(y)/V]] 2 
= exp [ - c(x)/V3 

and the probability that both opponents indepen- 
dently select a value > x (and hence that the combat 
lasts longer than x) is 

exp [ -  c(x)/V] 2 = exp [ -  2c(x)/V]. 

The probability that a combat lasts less than x is 
therefore 

1 - exp [ -  2c(x)/V]. 

Thus the probability that a combat is observed to last 
exactly x is 

po(x ) = d  [1 - exp [ -  2c(x)/V]] 

2c'(x) 
Po(X) = ~  exp [ -  2c(x)/V], (3) 

which is the distribution of observed persistence ti- 
mes we are seeking. For  the linear penalty function 
c(x)=~.x, (3) is 

po(X) = ~  e x p ( -  2ex/V). (4) 

In the generalised war of attrition described by 
Bishop and Cannings (1978), V is not a constant but 
is itself a function of x. Calling this function b (x), the 
general ESS is 

, , c ' ( x )  7 c'(y). 1 
PtXJ= b ~  exp [-Jo ~ a y ]  

and we can show that the observed distribution of 
persistence times will be 

2c x, [2!el,, 
po (X)  = b-b~- exp dy]. 

Figure 1 gives some idea of the way that p(x) and 
po(X) can be modified by the cost function c(x). Some 
useful rules evident from (2) and (3) and demonstrated 
by the graphs (see also Norman et al. 1977) are: 

a) Since p(0) =c'(O)/V and po(O) =2c'(O)/V, the ini- 
tial value for p or Po is determined by the initial 
slope of  c, and the starting value of Po is always 
twice that of p. 

b) The derivative c'(x) can be interpreted as the 
marginal cost, i.e. the extra cost incurred by an indi- 
vidual that fights for an additional small unit of time 
after he has already fought for time x. If the marginal 
costs are constant (Fig. 1 a), p(x) and po(X) are nega- 
tive exponentials. If  marginal costs are increasing 
(Fig. l b), the effect is to reduce the probability of 
selecting higher 'bids ' .  If e'(x) approaches zero, then 
p(x) and po(X) must also approach zero. Thus in 
Fig. 1 c, c'(1) =0,  and sop( l )  and po(1)=0. It is intui- 
tively obvious that if costs do not increase between 
x and x + 6x, selection of a bid at the upper limit 
(x +c~x) must always be better than one within the 
limit; it has higher winning prospects but equal costs. 
Thus a bid should never be selected where marginal 
costs are <0. Complex cost functions of the type 
in Fig. 1 c can therefore yield more than one peak 
for p(x) and po(X). 

c) As would be expected, the observed distribution 
of persistence times is strongly skewed to the left 
of the distribution of bids. 

The mean of distribution p(x) is 
oo 

m= S exp[-c(x)/V] dx, 
0 

while that of Po(X) is 

too= ~ exp[-2c(x)/V] dx. 
o 
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Fig. 1 a-e. ESS distribution of p(x) the selected 'bids' for persistence times, and po(x) the observed persistence times, for various cost 
functions c(x), with V standardised to 1. See also Norman et al. (1977). Dash-dot line=e(x); broken line=p(x); unbroken line=po(x). 
In a, c(x)=x; p(x)=exp(-x); po(x)=2exp(-2x). In b, c(x)=[exp(x)-l]; p(x)=exp[x-exp(x)+l]; po(X)=2exp[x-2exp(x)+2]. In e, 
c(x) = [(x- 1) 3 + 1]/3; p(x) =(x -  1)2exp{ - [ ( x -  1) 3 + 1]/3}; po(x) =2(x - 1)2exp {-2[(x- 1) 3 + 1]/3 } 

d) The mean of c(x) under distribution po(X) is 
V 

always exactly ~-, so that the expected payoff  to each 

opponent  is zero (see also Maynard  Smith 1974; Bish- 
op and Cannings 1978). 

An Empirical Test." 
Are Dung Fly Struggles Wars of  Attrition? 

Settlement of Disputes. Male dung flies (Scatophaga 
stercoraria) meet and mate with females around fresh 
cattle droppings, in which the females oviposit (Ham- 
mer 1941; see Parker 1978a, for a recent review of 
work on the dung fly mating system). After copulat- 
ing, the male does not dismount, but guards his fe- 
male until she has laid all her mature eggs; this part  
of the male behaviour has evolved to prevent other 
males f rom mating with the female and displacing 
the sperm of the first male. The last male to mate 
fertilises 80% of the eggs remaining to be laid. Details 
of  sperm competition have been established by irradi- 
ation experiments (Parker 1970a). Females mate be- 
fore each oviposition and may mature several succes- 
sive batches of  eggs. 

There are two main mating strategies open to a 
male. He can either search on or around the dropping 
for females that are arriving to the oviposition site. 
Alternatively, he may attempt ' take-over '  of a female 
already paired to a male either during copulation 
or oviposition. Because of the relative ease of finding 
paired females on the dung surface, take-overs are 
virtually restricted to this area. Pairs in copula often 
emigrate to the safety of the downwind surrounding 
grass if they meet on the dropping (Parker 1971). 
Ovipositing pairs, however, have no such alternative, 

and take-overs are relatively much commoner  during 
egg-laying. 

Disputes over females are settled in two rather 
distinct ways. Normal ly  an attack is settled conven- 
tionally with minimal costs, the convention being that 
the owner wins. As the attacker contacts a pair, it 
is deflected away from the female by the paired male 
by a series of  elaborate defensive responses (Parker 
1970b), and the attacker leaves virtually immediately. 
Conventionally settled disputes have the following 
very low time costs (Parker 1970b): 

Attack duration (:struggles excluded) with: 
Pairs in copula :=1.0+0.1 s 
Ovipositing pairs :=1.1 _+0.1 s 

However, on some occasions, if the attacker man- 
ages to touch the female, a struggle takes place be- 
tween males for possession of the female. Struggles 
are very obvious, can be prolonged, and are (at a 
fly's level) fairly dramatic and possibly energetically 
expensive. The attacker attempts to dislodge the hold- 
er by stretching and pushing backwards with the mid- 
dle and hind legs in a sort of  'pushing and prizing'  
contest. In a struggle during oviposition, the holder 
attempts to regain genital contact. This presumably 
reduces the chance that the attacker can gain genital 
contact and begin sperm transfer. I f  an attacker is 
successful, he mates with the female and guards her 
during oviposition. 

The Cost of Struggles. Costs c(x) can be estimated 
in terms of missed opportunities to find, mate, and 
oviposit with an alternative female. The mean value 
of time spent around a dropping to a male is about 
0.23 eggs/min (Parker 1970c). However, a struggle 
lasting x seconds may be more expensive energetically 
than x seconds spent searching and mating, etc. Sup- 
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Table 1. Estimation of V (resource value) in dung fly struggles. For further explanation, see text. Egg gains marked * are taken directly 
f rom Parker (1970a); egg gains marked § are derived by the ' approx imate '  method described in that  paper 

State Average egg gain if: Difference Average additional Direct Average extra Value 
in egg gain time costs incurred value E struggles of  V 

by winner (min) expected by 
Wins Loses (a) (b) (a) - 0.23 x(b) winner fl 

Copulation 
Attacker 33.9" 0 34 46.5 23 1.0 1222 .5  
Holder 34.9" 4.8 + 30 31.5 23 1.0 12-22.5 

Oviposition 
Attacker 18.5" 0 19 38.25 9.5 0.6 3 ~  
Holder 

This batch 15.0 + 2.0 + 17 8.25 15 0.4 12-15 
Future  batches 5.0 0.9 

pose that a male has a fixed energy budget available 
for a bout of reproductive activity so that when re- 
serves drop to a critical level, it must leave the mating 
site for a feeding stage of constant mean duration. 
If  a struggling male spends energy at k times the 
searching rate, one second spent struggling costs k 
seconds searching. We therefore assume that 

, 0.23 , 
c tx) = ~O-  tcx 

where x is the struggle time in seconds, giving an 
energetic cost rate of struggling =0.23 k/60 eggs/s. 

The easiest way to monitor energy expenditure 
is by measuring oxygen consumption. Dung fly strug- 
gles are relatively short (on average 28.2 s) and so 
it is not feasible to compare oxygen consumption 
during struggles and during searching experimentally. 
However, there is considerable data for insects on 
the difference in oxygen consumption between flight 
activity and resting. Prosser and Brown (1961) quote 
a 50-200-fold increase in consumption rate (flight/ 
resting metabolism). A literature search revealed val- 
ues of 7-1,000 times; the extremely high values 
(>500)  noted by some early workers are probably 
erroneous. Discounting these, a plausible range 
seemed to be 7-170 times. 

However, dung fly struggles involve the legs 
(which have become disproportionately large in 
males) and the abdomen, not the flight muscles. Thus 
in estimating k, it must be noted that the muscle 
mass in the legs and abdomen is less than that of  
the flight muscles. Secondly, various activities occur 
sporadically during searching (Parker 1974 b) that will 
raise energy consumption for searching above that 
of resting. Thirdly, struggles may involve oxygen debt. 
A final consideration is that records of proportionate 
increases in metabolic rate during flight activity tend 
to be lower for Diptera than for some other insects 

(notably Lepidoptera). An estimate of 7 times given 
by Hocking (1953) for Drosophila melanogaster is pro- 
bably low, but Chadwick and Gilmour (1940) and 
Chadwick (1947) found a value of 13 times in Dro- 
sophila repleta. Perhaps closest to Scatophaga, 
McCann and Boettiger (1952) give a value of 25 times 
for Sarcophaga bullata. 

Bearing all these considerations in mind, we de- 
cided that a plausible range for k (the relative energet- 
ic cost of struggling) is 5-100, the true value probably 
lying towards the lower end of this range. Until fur- 
ther data are available, it is impossible to be more 
precise. 

The Resource Value. The value V of the resource 
to be gained from a struggle is the difference in an 
individual's reproductive success between winning 
and losing the contest, all costs included other than 
those of the contest itself. Table 1 shows steps in 
computing approximate V values, derived as follows. 
There is an expected egg gain (number of eggs fertil- 
ised) if an individual wins a struggle. This can be 
estimated from a model based on the results of sperm 
competition experiments (Parker 1970a). Even if it 
loses a struggle, a displaced holder can experience 
some gain from the lost female since it has already 
transferred some sperm. The difference in egg gain 
between winning and losing must be devalued by the 
average time cost (spent finishing the cycle of copula- 
tion and oviposition) incurred by the winner. This 
approximates to the average time to complete the 
cycle (one full cycle =30 min copulation + 161/2 min 
oviposition) multiplied by 0.23 eggs; i.e. it is the gain 
a loser could expect from other females, over the 
same time period. 

We made rough estimates of time costs by assum- 
ing that struggles occur at random throughout a stage 
(copulation or oviposition) to calculate the direct dif- 
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ference in egg gain, E (see Table 1). A further deval- 
uation of E is necessary because the winner may sus- 
tain more struggles during the time it takes to com- 
plete the cycle. The average probability density of 
struggles per male during reproductive activity is esti- 
mated as approximately 0.023/min; the probability 
density during copulation is about 0.029/rain, and 
during oviposition 0.0385 (calculated from data in 
Parker 1970b, c, 1971). Hence we can calculate /3, 
the difference in expected number of struggles sus- 
tained during the completion of the cycle. Finally, 
we can then calculate a range for V as 

V =E 0.23k/~2. 5_<k_<100 
60 ' 

in which 2 =28.2 s, the mean struggle duration. 
The above method to estimate V is necessarily 

very imprecise, but an exact model would be spurious 
in view of the wide range in k. The assumption that 
a struggle occurs at a single random time during copu- 
lation or oviposition is clearly an approximation. 
Take-overs, though relatively infrequent, would tend 
to decrease time costs slightly (their effect is included 
in the model used to estimate egg gains; Parker 
1970a). In general, asymmetry in V between holder 
and attacker will increase throughout the cycle mainly 
because of the increasing disparity in time costs be- 
tween a winning holder and a winning attacker. 

For fights occurring at random times during copu- 
lation, V is approximately equal for holder and at- 
tacker (Table 1) so that a symmetric war of attrition 
may be applicable. However, we must note that this 
is an average symmetry. Because of tendencies to cop- 
ulate offthe dropping (Parker 1971), attack probabili- 
ty is highest towards the end of copulation as pairs 
arrive for oviposition. A rough calculation showed 
that this could increase the average V for the holder 
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Fig. 2. Observed distribution of struggle persistence times in the 
dung fly, Scatophaga stercoraria. Open histograms, combined data, 
all categories; cross-hatched histograms, distribution of persistence 
times for struggles in which the attacking male won 

by up to two eggs. For ovipositing pairs, it seems 
less likely that the contest could approximate to a 
symmetric war of attrition since V is markedly higher 
for the holder than the attacker. 

The Fit with the War' of Attrition. Dung fly struggles 
were timed in the field, and it was noted whether 
the struggle occurred during copulation or oviposition 
and whether the holder won or the attacker won. 
Figure 2 shows the observed distribution of struggle 
durations. 

Is this distribution, a negative exponential follow- 
ing po(X), the distribution of persistence times sug- 
gested by the war of attrition with a linear cost func- 
tion? For our model, this is 

, , 2(0.23k) ( - 2  (0.23kx~ 
P~ 60V exp ~ ] / .  

Table 2. Examination of dung fly struggle durations in relation to the war of attrition model with linear costs (see text) 

Category n Fit of observed Mean observed Predicted range 
distribution with struggle duration for V from war 
negative exponential in seconds of attrition model 

All data combined 69 

Copulation 
Holder wins 29 
Attacker wins 3 

Oviposition 
Holder wins (all data) 23 
Holder wins (excluding single 22 

outlying point) 
Attacker wins 14 

Combined data for holder wins (excluding 51 
outlying point) 

Z~ = 11.48 (good fit) 28.2 

Z~ = 1.00 (good fit) 17.0 
Insufficient data 

Z 2 =8.09 (not exponential) 24.5 
Z~ =2.59 (good fit) 13.0 

Z 2 =9.43 (not exponential) 37.9 

)~ =4.88 (good fit) 15.3 

1.1-21.6 

0.7-13.1 

(Not exponential) 
0.5-10.0 

(Not exponential) 

0.6-11.7 
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We tested whether the observed distributions of per- 
sistence times were good fits to a negative exponential 
distribution, and whether the mean persistence dura- 
tion was consistent with a range of 5-100 for k. The 

60 V 
mean g of  the distribution po(X) is 0.46--~" 

Thus V lies between 0.0077 (rain k)g and 0.0077 
(max k)g. Support for the war of attrition model 
is obtained if the range of  V thus obtained (see 
Table 2) overlaps with that derived in the last section 
(see Table 1), and if the distribution appears to be 
a negative exponential (Table 2). 

The combined data concur rather seductively with 
the war of attrition solution; there is a good fit to 
a negative exponential and the range for V spans 
all those obtained in Table 1. However, analysis of 
the component categories (see Table 2) indicates that 
this is an oversimplification of the situation. In most 
cases, either the distribution is significantly different 
from a negative exponential, or the V ranges barely 
overlap (suggesting that resource value is higher than 
is consistent with the war of attrition). 

Of course neither of these features can be claimed 
with certainty to rule out the war of attrition solution. 
The plausible range of k (5-100) is debatable and 
there is always the possibility that the cost function 
c(x) is non-linear, which would alter distribution 
po(x). 

However, certain features militate strongly against 
using the symmetric war of attrition as an explana- 
tion. Firstly, there is a much higher probability that 
the holder will win than the attacker (Table 2, see 
also Parker 1970b) in the ratio 52 (holder wins):17 
(attacker wins) and this difference is highly significant 
(Z~--17.75). Secondly, the data in which the attacker 
wins are not exponentially distributed, whereas the 
data (excluding a single outlying point) for wins by 
holders are consistent with an exponential distribu- 
tion (see Table 2 and Fig. 2). Mean persistence times 
are also different (Table 2; see also Parker 1970b); 
bouts in which the attacker wins are usually longer 
than those in which the holder wins. 

Discussion 

This suggests that struggles are a form of asymmetric 
contest. When contests are asymmetric and animals 
can perceive the asymmetry, distribution po(X) gener- 
ated by the assumption of symmetry collapses to give 
a pure ESS solution (Maynard Smith and Parker 
1976; Selten 1978). If  one opponent in a contest occu- 
pies role A and the other role B, the ESS is: 'when 
in A, be prepared to play x > V if the opponent does 
not withdraw; if in B, withdraw without incurring 

any cost '  (or equivalently vice versa). Roles A and 
B could be owner/attacker, bigger/smaller, or could 
reflect asymmetric values of the resource. The most 
likely 'conventions '  of  this sort to evolve are those 
in which the individual with the higher '  resource hold- 
ing power '  (RHP) is allowed to win, or the one (say 
A) with the most to gain is allowed to win, i.e. VA > VB 
(see Maynard Smith and Parker 1976). The mean 
expectation of this sort of strategy in a population 

adopting such a convention would be VA whereas 2-, 

the mean expectation of any individual in a popula- 
tion playing the mixed ESS for the war of attrition 
will be zero (Maynard Smith 1974). 

The asymmetries that are probably most impor- 
tant in dung fly disputes are: 

a) RHP Asymmetries. There can be a 5~5-fold size 
difference between large and small males; this is likely 
to exert effects on the outcome of struggles. Also 
there is likely to be a strong RHP asymmetry in fa- 
vour of the holder because of his positional advan- 
tage. 

b) Resource Value Asymmetries. Because of the ap- 
proximations used to obtain values for V (Table 1), 
differences in resource value for a copulating holder 
(Vnc)~!and a copulating attacker (VA c) I are as yet unde- 
fined,' although probably Vnc > Vac. iFor oviposition, 
it is quite clear that the holder stands to gain more 
than the attacker (Vor~ > VOA). 

Thus disputes between male dung flies over fe- 
males are generally asymmetric in favour of the hold- 
er, and would consequently be most likely to lead 
to evolution of an 'owner wins' convention in which 
there is no escalation and the interloper withdraws 
immediately. Escalation would be expected only when 
both contestants 'believe' that they are owners. This 
can often be achieved experimentally (examples re- 
viewed in Parker 1978 b) but the work of Baker (1972) 
on peacock butterflies suggests that occasionally such 
'mistakes '  can occur in nature. Escalation may result 
if an intruder settles in a territory without being no- 
ticed by the owner (who may leave the territory tem- 
porarily to follow females, etc.). At one level, dung 
fly disputes are compatible with this sort of interpreta- 
tion; generally there is a conventional settlement fol- 
lowing 'owner wins', but when both can touch the 
female (i.e. the information used to define owner- 
ship ?), there is escalation. This still begs the question 
of what should happen in the struggles (escalated 
contests). If an '  owner wins' convention applies, esca- 
lations must be a less advantageous strategy, but 
struggles are not infrequent events in dung fly life. 
We find it hard to imagine that selection could not 
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favour  means  o f  ob ta in ing  be t te r  i n fo rma t ion  abou t  
the rea l i ty  of  ownership .  Fu r the r ,  the fact  tha t  males  
cont inue  to a t t ack  pai rs  suggests tha t  there  is no f ixed 
' owner  w i n s '  convent ion .  

W h y  then,  do male  dung  flies a t t ack  pa i rs  and  
(often) engage in cost ly  s t ruggles? We feel tha t  the 
mos t  l ikely exp lana t ion  relates  to ' a s sessment  strate-  
gy'  (Parker  _1974a), and  in par t i cu la r ,  to a special  
fo rm of  assessment  concern ing  i n fo rma t ion  acqui red  
dur ing  a contes t  ( M a y n a r d  Smi th  and Pa rke r  1976). 

Firs t ly ,  select ion p r o b a b l y  main ta ins  the a t t ack  
behav iou r  because  take-overs  are possible.  However ,  
9 2 % - 9 3 %  of  a t tacks  are  charac te r i sed  by  the at- 
t acker ' s  immed ia t e  wi thdrawal .  Struggles t end  to oc- 
cur only  in special  c i rcumstances  (holder  fails to re- 
j ec t ;  pa i r  topples  s ideways;  two males  a t t ack  simul- 
taneous ly)  charac te r i sed  by the fact  tha t  the  a t tacker  
is able to touch  the female  with his f ront  tarsi  - 
a s truggle is then inevi table  (Parker  1970b). We  inter-  
pre t  this in te rms of  a cor re la t ion  between being able 
to touch  the female  and  a d r ama t i c  reduc t ion  in R H P  
a symmet ry ;  pu t  s imply,  it  now pays  to hang  on to 
the female to ob ta in  fur ther  i n fo rma t ion  abou t  own 

size relat ive to holder's  size. W h a t  fol lows may  depend  
on how g o o d  a grasp the a t t acker  gains  ini t ial ly and 
on the relat ive sizes. The  ho lder  is l ikely still to have 
a pos i t iona l  R H P  advantage ,  and  because  VA > VH, 
a re la t ively  larger  a t t acker  size is l ikely to be necessary 
for  the a t t acker  to cont inue  escalat ion.  

F r o m  the mode l  for  ' i n f o r m a t i o n  acqui red  dur ing 
a con te s t '  ( M a y n a r d  Smith  and  Pa rke r  1976), it is 
evident  tha t  when the ou tcome  o f  a pa r t i cu la r  stage 
in a contes t  is a g o o d  p red i c to r  o f  the ou tcome  of  
the next  s tage (i.e. h igh R H P  asymmetry) ,  so lu t ions  
are pure  ESSs and  bouts  should  t e rmina te  relat ively 
quickly,  W h e n  success at  one stage conveys l i t t le in- 
f o r m a t i o n  a b o u t  subsequent  success ( low R H P  asym- 
metry) ,  there  can  be a mixed  ESS d i s t r ibu t ion  of  per-  
sistence t imes.  I t  is no t  yet  poss ible  to evaluate  
whether  this type  o f  mode l  could  genera te  the ob-  
served d i s t r ibu t ion  o f  s truggle du ra t ions  in dung  flies. 
M u c h  wou ld  depend  on the ra te  at which in fo rma t ion  
can be per fec ted  relat ive to the ra te  at  which costs 
are expended,  bu t  in genera l  payoffs  f rom the a t tack  
behav iou r  wou ld  be posi t ive  ( though  they will be 
s t rongly  dependen t  on  male  size). 

In  conclus ion,  the to ta l  d i s t r ibu t ion  of  contest  
lengths of  dung  fly s truggles is consis tent  with the 
war  o f  a t t r i t ion  ESS. However ,  there  are many  indica-  
t ions  tha t  this  is no t  the t rue  model .  Holders  win 
more  of ten than  a t tackers  and  there are also signifi- 
cant  differences in means  and  d i s t r ibu t ions  o f  persis t-  
ence t imes for  ' h o l d e r  w i n s '  and  ' a t t a c k e r  w ins '  out-  
comes.  In  na ture ,  mos t  contes ts  will involve var ious  
asymmetr ies ,  bu t  there  is no guaran tee  tha t  an imals  

will a lways  be able  to perceive them. Mixed  strategies 
o f  the ' w a r  o f  a t t r i t i o n '  type  may  therefore  be ob-  
served in an imal  conflicts.  Some forms of  resource 
value a symmet ry  may  be very difficult  to detect .  R H P  
asymmet r ies  m a y  be mos t  easily detected dur ing  phys-  
ical c o m b a t  where opponen t s  appea r  visual ly  to be 
r easonab ly  matched .  Fu r the r ,  some f rac t ion  of  con- 
tests wi th in  a p o p u l a t i o n  mus t  occur  between oppo-  
nents  tha t  are so closely ma tc he d  tha t  the result  mus t  
be a mixed ESS (some fo rm of  war  of  a t t r i t ion)  unless 
an a s y m m e t r y  uncor re l a t ed  with R H P  or  V can be 
used to settle the dispute .  
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