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Abstract A central question in animal communication 

research concerns the reliability of animal signals. The 

question is particularly relevant to aggressive communica 

tion, where there often may be advantages to signaling an 

exaggerated likelihood of attack. We tested whether ag 

gressive signals are indeed reliable signals of attack in song 

sparrows (Melospiza melodia). We elicited aggressive sig 

naling using a 1-min playback on a male's territory, 
recorded the behavior of the male for 5 min, and then gave 
him the opportunity to attack a taxidermie mount of a song 
sparrow associated with further playback. Twenty subjects 
attacked the mount and 75 did not. Distance to the speaker 

was a significant predictor of attack for both the initial 

recording period and the 1 min before attack. For the initial 

recording period, none of the measures of singing behavior 

that we made was a significant predictor of attack, in 

cluding song-type matching, type-switching frequency, and 

song rate. For the 1-min period immediately before attack, 

only the number of low amplitude "soft songs" was a 

significant predictor of attack. Although most aggressive 
signals contained little information on attack likelihood, as 
some models suggest should be the case, the unreliability 
of these signals was not caused by convergence of 

individuals on a single signaling strategy, as those models 

argue should occur. 
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Introduction 

The reliability of animal signals is a major issue in research 
on animal communication (Maynard Smith and Harper 2003 ; 

Searcy and Nowicki 2005). The issue is particularly critical 

with respect to aggressive signaling. Honest signaling 
provides a cheap and efficient mechanism for settling 
aggressive encounters, but a signaling system that is honest 
about aggressiveness is vulnerable to a form of cheating in 

which individuals exaggerate their aggressiveness to win 
contests that they would otherwise lose (Maynard 
Smith 1974, 1979; Dawkins and Krebs 1978). Game 
theoretical models have shown that signals can be honest 
about aggressive intentions under certain conditions, for 

example if the most aggressive and effective signals are 

also the most costly (Enquist 1985; Grafen 1990). Even in 

such models, the power of an aggressive display to predict 
a signaler's behavior may be modest, for example because 
the behavior of the signaler after a signal is contingent on 

external factors such as the receiver's response (Enquist 1985). 
Moreover, other models have shown that aggressive 

signaling systems can be evolutionarily stable with a mix 
of honest and dishonest signals, with some individuals 

benefiting from producing signals that exaggerate their 

aggressive intentions (Adams and Mesterton-Gibbons 1995; 
Sz?mad? 2000). Thus, theory allows a range of outcomes 

with respect to reliability in aggressive signals, and 

empirical investigation is needed to establish the true 

state of affairs with respect to a specific signaling system. 
In this study, we describe an experimental investigation 

of the reliability of aggressive vocal signals in song 

sparrows (Melospiza melodia). Song sparrows exhibit a 

number of the singing behaviors that have been hypothe 
sized to be aggressive signals. Among these is song-type 

matching, a behavior in which an individual replies to a 

rival with a song type that is identical (or highly similar) to 

the one a rival has just sung. Krebs et al. (1981) suggested 
that matching is a graded signal of aggressiveness, in the 
sense that "a territory holder signals the likelihood of 

attacking an intruder by the probability of matching the 

intruder's song." In support of this view, Krebs et al. (1981) 
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demonstrated in great tits (Parus major) that a correlation 
exists between percent matching to playback and indirect 

measures of aggression such as latency to respond and 
close approach to the speaker. In song sparrows, Vehrencamp 
(2001) showed that males that matched a playback song spent 

more time close to the speaker than males that did not match; 

again, time spent close to a playback speaker is usually 
assumed to indicate aggressiveness. Beecher et al. (2000), 
however, found no difference in aggressiveness between male 

song sparrows that did or did not type match, with 

aggressiveness measured by a combination of approach and 

display. To our knowledge, no one previously has tested 
whether matching predicts actual attacks, as we do in this 

study. 
Another signaling option available to songbirds with 

repertoires of song types is to vary the frequency of 

switching between types. The frequency of switching 
increases in aggressive contexts in a number of species of 

songbirds (Falls and D'Agincourt 1982; D'Agincourt and 
Falls 1983; Simpson 1985), including song sparrows 

(Kramer and Lemon 1983; Kramer et al. 1985; Searcy et 

al. 2000), suggesting that rapid switching is an aggressive 
signal. Type-switching frequencies did not, however, 

predict attack on a caged intruder in male bobolinks 

(Dolichonyx oryzivorus) (Capp and Searcy 1991). Song 
sparrows also possess another level of song variation, 

song-type variants, which are relatively minor variations of 
individual song types. Although the differences between 

song variants are small compared to the differences 
between song types (Podos et al. 1992), male song 
sparrows are responsive to this level of variation (Stoddard 
et al. 1988; Searcy et al. 1995). In aggressive contexts, song 
sparrows increase variant-switching frequencies even more 

consistently than they increase type-switching frequencies 
(Searcy et al. 2000). Thus, variant switching may also be an 

aggressive signal. 
The rate at which songs are sung is a third aspect of 

singing behavior that has been suggested to be a signal of 
attack likelihood (Falls 1969). Song rates depend on male 
condition in many songbirds (Davies and Lundberg 1984; 

Gottlander 1987), and we might expect aggressiveness also 
to covary with condition. Song rates have been shown to 
increase in aggressive situations in some songbird species 
(Falls 1969), but such an increase does not occur reliably in 

song sparrows (Peters et al. 1980). 
A final singing behavior that might convey aggressive 

ness is the production of low amplitude "soft song." Low 

amplitude songs have been noted in several songbird 
species as occurring during aggressive encounters, court 

ship, or both (Dabelsteen et al. 1998). In song sparrows, 
soft song is typically observed only during aggressive 
encounters (Nice 1943). 

The association of particular singing behaviors with 

aggressive situations suggests that these behaviors are 

signals that convey aggressive intent, but taken by itself, 
such an association is equally compatible with the displays 
having a submissive meaning. Submissive displays, like 

aggressive ones, are given during agonistic encounters 
rather than during foraging, resting, and so forth, and thus 

their frequencies also can be expected to increase during 
encounters relative to their background frequencies. To 

support the interpretation that a signal conveys aggressive 
intent, it is necessary to demonstrate not merely that the 

signal is produced in an aggressive context, but that the 

signal actually predicts subsequent aggressive behavior by 
the signaler. Tests of this more stringent criterion must 
overcome several methodological challenges. 

Much of the early work on the reliability of aggressive 
signals focused on avian postural displays given during 
contests over food. These studies concluded that some 

displays do predict aggression (Stokes 1962; Dunham 1966; 
Andersson 1976), but Caryl (1979) criticized the evidence 
on the grounds that the associations between displays and 

aggression were generally quite weak. One explanation for 
the weakness of the associations found in these studies is 
that all were observational studies of natural interactions, 

which looked at whether a signal was followed by a certain 

signaler behavior without controlling for the response of the 

receiver. One way around this problem is to use a statistical 

analysis that controls for receiver's response (Popp 1987); 
another is to replace the natural receiver with an 

experimental stimulus whose behavior can be controlled. 
This latter approach has been taken by experiments in 
which aggressive displays are elicited by playback of vocal 

signals, for example in frogs (Wagner 1992; Burmeister et 
al. 2002) and birds (Vehrencamp 2001). Playback studies 

typically introduce a new problem, however, in that 

outright attacks are no longer possible, so that one must 
examine associations between display and some weaker 

proxy of aggressive response, such as approach to the 

speaker. A final problem seen in some studies of aggressive 
communication is that the periods in which display and 

aggressive acts are measured may be partially or totally 
overlapping, so that some of the displays may be given after 
the aggression that they "predict" (e.g., Krebs et al. 1981; 

Husak 2004). In our work, we employed a design that 
obviates these problems: we used an artificial stimulus to 
remove the problem of contingencies based on receiver's 

response; we provided a taxidermie model as part of the 
stimulus so that outright attacks would be possible; and we 

maintained a temporal separation between signals and 

aggression so that displays we analyzed would always 
precede the behavior that they predicted. 

Materials and Methods 

Playback experiments 

Playback trials were carried out in Crawford County, 
Pennsylvania, U.S.A. during May and June of 2000, 2001, 
and 2002, between the hours of 6:00 and 11:00 am. Each 

subject was a territorial male song sparrow that had 

previously been recorded; no male was tested more than 
once. We used one of the subject's own song types in 

constructing each playback tape so that the subject could 
match the playback if he chose to do so. Recordings were 
made using a Realistic omnidirectional microphone in a 
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Sony PBR-330 parabola and either a Sony TCM 5000 or a 

Sony TC D5M tape recorder. Choice of the one song type 
to be used in playback for each subject was made on quality 
of recording. Playback songs were digitized at 25 kpts/s 
using 'SIGNAL' software (Engineering Design, Berkeley, 
CA, USA) and then dubbed onto a Sony TCM 5000 tape 
recorder. 

Before a trial, we placed a Nagra DSM speaker face up 
on the ground well within the subject's territory. On top of 
the speaker, we placed a stand holding a taxidermie mount 

of a song sparrow, posed in a normal, perched posture. The 
mount was concealed by a cloth at the start of the trial. A 

microphone was positioned 10-15 cm from the mount and 
was connected via cable to one channel of a Sony TC D5M 
stereo tape recorder. This recorder was operated by one of 
two observers, who stood 15-20 m from the speaker/mount 
setup; this observer also held a Sony PBR-330 parabola 

with a Realistic omnidirectional microphone plugged into 
the second channel of the stereo recorder. The second ob 
server narrated the behavior of the subject throughout the 

trial, and this commentary was recorded, along with the 
bird's vocal behavior. The narration included estimates of 
the subject's distance from the speaker, aided by markers at 

0.5, 1 m, 4, and 8 m on either side of the speaker. The 
narration also noted bouts of wing waving, a Stereotypie 
wing movement used as a postural display in aggressive 
contexts by song sparrows and other passerines 
(Nice 1943). Finally, the observer classified all songs 

produced by the subject as loud or soft. We subsequently 
tested the accuracy of the same observer (WAS) in making 

amplitude judgments, using playback of a variety of song 
sparrow song types at predetermined amplitudes that 

ranged in 3 dB intervals from 89 to 57 dB SPL (measured 
at 1 m with a GenRad 1565D sound level meter). The 
observer was tested in the field, in the same habitat used in 

the trials, and at the same observation distance. Seventy 
eight percent of songs played at 78-80 dB and 100% of 

songs played at >80 dB were classified as loud, whereas 

74% of songs played at 75-77 dB and 100% of songs 

played at <74 dB were classified as soft. 
A trial began with 1 min of playback of the subject's 

chosen song type, presented at a rate of one song per 10 s and 
at an intensity of approximately 85 dB SPL measured at 1 m 

with a GenRad 1565-D sound level meter. The first playback 
song was used to mark the beginning of the trial; recording 

began some seconds before this. At 5 min and 45 s, the 

mount was revealed by removing the cloth cover remotely. 
At 6 min, a second playback bout began, using the same 

playback song, presented at the same rate but at a lower 

amplitude (approximately 79 dB SPL at 1 m). This second 

playback lasted 2 min. The subject was given until 20 min 

into the trial to attack the mount. An attack was considered to 

be any direct physical contact of the subject with the mount; 

sometimes, this contact consisted of a brief pounce, but more 

typically a subject landed on the mount and pecked 

vigorously at its head and body. Trials were ended at the 

point of attack. We continued recording until an attack 

occurred or 20 min was reached, whichever came first. 

Analysis 

The entire narration of each trial was transcribed onto a 

flow sheet divided into 10 s intervals. Subsequent analysis 
concentrated on two time periods: the initial recording 

period and the 1 min before attack. The initial recording 
period began with the first playback song and lasted for 
5 min. For those subjects that attacked, the 1 min before 
attack was the 1 min preceding the 10 s interval in which 
the attack occurred. For those subjects that did not attack, a 

corresponding 1-min period was chosen by matching each 
of the 20 attackers to three to four of the 75 non-attackers 
drawn randomly without replacement, and analyzing the 
same 1-min period in the non-attacker as in the matched 
attacker. We compared the resulting 75 1-min periods for 
non-attackers to the 20 1-min periods for attackers in an 

unpaired analysis, thus using each subject once in the 

analysis. All songs recorded during the initial recording 
period and the 1 min before attack were digitized and 

viewed as spectrograms using Syrinx sound analysis soft 
ware (J. M. Burt; http://syrinxpc.com). From the spectro 
grams, we determined for each song whether it (a) matched 
the playback song type, (b) represented a change in song 

type relative to the preceding song produced by the subject, 
and (c) represented a change in song-type variant relative to 

the preceding song. We also made spectrograms of enough 
songs produced by the subject after the onset of the second 

playback to determine whether the subject matched that 

playback with the first song he produced or the first song 

type to which he switched. The random expectation of 

matching was assumed to be 12.5%, the probability of 

meeting the matching criteria found in previous control 
trials with this population (Anderson et al. 2005). 

From the spectrograms and narration, we abstracted six 
measures of display for both the initial recording period 
and the 1 min before attack. These measures were: (1) 

matches?the number of songs that matched the playback 
type; (2) soft songs?the number of soft songs produced by 
the subject; (3) total songs?the total number of songs, 

including matches and soft songs; (4) type-switching 

frequency?the number of type switches divided by the 
number of opportunities to switch types (Searcy et al. 2000); 
(5) variant-switching frequency?the number of variant 

switches divided by the number of opportunities to switch 

variants (Searcy et al. 2000); and (6) wing waves?the 

number of bouts of wing waving. Sample sizes are slightly 
smaller for results on the two switching variables, which 

could not be calculated in cases in which the denominator 

(opportunities to switch) was 0. Mean distance to the 

speaker during a period was estimated by first calculating 
the mean of the estimates made within each 10-s block and 

then averaging across all 10-s blocks. 
Several of the response variables were not normally 

distributed and could not be normalized using standard 

transformations. We therefore first analyzed each variable 

by comparing attackers to non-attackers using a nonpara 
metric procedure, the Mann Whitney U test. We also 

analyzed the response variables, separately and together, 
with discriminant function analysis, because this procedure 
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allows the possibility of discriminating between groups 

using combinations of variables. Discriminant function 

analysis assumes a multivariate normal distribution but is 
considered to be robust against departures from this as 

sumption (Klecka 1975). We do not consider a result to be 

significant unless significance is supported by both the 

parametric and nonparametric tests. Because we use six 
different display measures to test the general hypothesis 
that display predicts attack, we use a Dunn-Sid?k-corrected 

alpha level of 0.0085 for those tests. 

Results 

Initial recording period 

Of the 95 males that we tested, 20 attacked the mount 
within the allotted time and 75 did not. For the 5-min initial 

recording period, none of the six display measures differed 

significantly between attackers and non-attackers accord 

ing to Mann Whitney U tests (Fig. 1). When entered sepa 

rately into discriminant function analyses with attack as the 

categorical variable, none of the display measures was a 

significant predictor of attack. The model with number of soft 

songs had a low P value (Wilks' lambda=0.951, F=4.75, 
7V=95, iM).032) but not lower than the Dunn-Sid?k-corrected 

alpha value. 

Mean distance to the speaker during the initial recording 
period was lower for attackers (4.3?0.5) than non-attackers 

(8.4?0.7), and this difference was significant by a Mann 

Whitney U test (?M).005). Mean distance to the speaker 
also was a significant predictor of attack in a discriminant 
function analysis (Wilks' lambda=0.907, F=9.58, 7V=95, 

P=0.0026). In the jack-knifed classification matrix, dis 
tance to speaker correctly predicted 16 of 20 attacks (80%) 
and 44 of 75 failures to attack (59%). In a forward stepwise 
discriminant function analysis, no display variable entered 
after distance, that is, none had additional predictive power 
once distance was taken into account. 

One minute before attack 

For the 1 min before attack, the number of soft songs was 

significantly higher for those males that attacked than for 
those that failed to attack (Fig. 2a), and this difference 
remained significant with the Dunn-Sid?k correction. None 
of the other five display measures differed significantly 
between attackers and non-attackers (Fig. 2b-f). In single 
variable discriminant function analyses, the number of soft 

songs was the only display variable that significantly 
predicted attack (Wilks' lambda=0.912, F=8.95, N=95, 

JP=0.0035). In the jack-knifed classification matrix, the 
number of soft songs correctly predicted 12 of 20 attacks 

attack 
yes 

0.125 

0.1 

no yes 
attack attack 

Fig. 1 Displays given during the initial 5-min recording period by 
those male song sparrows that subsequently did or did not attack the 

mount, a Low amplitude "soft songs" [Mann Whitney ?7=540.5, 

A^attackers^O, jV2(non-attackers)=75]. b Type-switching frequen 

cy (?7=814.5, M=20, N2=14). c Variant-switching frequency (?7=840, 
#i=20, N2=14). d Total songs (17=543, M=20, Af2=75). e Matching 
songs (?7=687, M=20, N2=15). f Bouts of wing waving (?7=610.5, 

N\=20, N2=75). Histograms show means?SE 
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o 

(/> 
O) 
c 
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?s 
Q 

no yes 

attack 

0.2 

P = 0.81 

no yes 

attack attack 

Fig. 2 Displays given during 1-min period before attack by those 

male song sparrows that subsequently did or did not attack the 

mount, a Low amplitude "soft songs" [Mann Whitney ?7=370.5, 

A^i(attackers)=20, A^2(non-attackers)=75]. b Type-switching frequen 

(60%) and 58 of 75 failures to attack (77%). None of the 
other display measures was a significant predictor of attack 

when entered alone, nor did any of these measures provide 
significant additional predictive power when entered in a 

forward discriminant function analysis together with the 
number of soft songs. 

Mean distance to the speaker during the 1 min before 
attack was lower for attackers (1.8=1=0.8) than for non 

attackers (8.0?1.1), and this difference was significant by a 

Mann Whitney Latest (P=0.00021). Distance during the 1 
min periods was also a significant predictor of attack in a 

discriminant function analysis (Wilks' lambda=0.916, 

F=8.58,N=95, ZM).0043). The P value, however, was not 
as low as for soft songs, and when both distance and soft 

songs were entered in a forward stepwise discriminant 

function analysis, only the soft song variable was retained in 

the model. 

Matching 

Song-type matching is often treated as a categorical 
variable (males match or do not match), rather than as a 

continuous variable as above. The criterion usually applied 
in a categorical analysis is that a subject is considered to 

have matched if the first song type he produces after the 

playback starts, or the first song type he switches to 

cy (?7=619, Ni=20, N2=60). c Variant-switching frequency (?7=416, 

7^=20, N2=57). d Total songs (?7=574,7^=20, tf2=75). e Matching 
songs (?7=685, 7^=20, N2=75). f Bouts of wing waving (?7=561, 
TV] =20,7V2=75). Histograms show means?SE 

matches the playback. Using these criteria, 41 of 95 

subjects (43%) matched the first playback, significantly 
more than expected by chance (X2=81.4, df=l, PO.0001). 
However, the percentage of matchers attacking (19.5%) 
was not higher than the percentage of nonmatchers 

attacking (22.2%). Only 11.6% (11 of 95) of the subjects 
matched the second playback, quite close to the random 

expectation of 12.5%. The percentage of matchers at 

tacking (18.2%) was again not higher than the percentage 
of nonmatchers attacking (21.4%). 

Discussion 

The vocal and visual displays produced by song sparrows 

during an aggressive encounter for the most part contained 
little or no information on the signaler's likelihood of 

attack, even though each of the displays has been labeled at 
one time or another as an aggressive signal. Proximity to 

the stimulus did consistently predict attack across both 

recording periods; this result has methodological implica 
tions, as it supports the widespread practice of using 
distance to a loudspeaker or other stimulus as a proxy for 

aggressiveness. Proximity cannot, however, be considered 
a signal if signals are defined as "characteristics fashioned 
or maintained by natural selection because they convey 
information to other organisms" (Otte 1974). In other 
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words, position of one individual relative to a second may 

convey information to the second, but position is not a 

characteristic that has evolved to convey that information. 
The conclusion that most signals, given in an aggressive 

context, do not contain information about attack seems 

particularly surprising with respect to type matching, given 
that song-type matching has been shown to be associated 

with correlates of aggression such as time of season and 

approach to a perceived intruder in both song sparrows 

(Beecher et al. 2000; Vehrencamp 2001) and other species 
(Krebs et al. 1981). The explanation may be that type 

matching is a signal of attention rather than aggression, as 

originally suggested by Bremond (1968), and is predictive 
of milder forms of escalation than attack (Burt et al. 2001). 

The one display that we found to contain reliable 

information about attack likelihood is low amplitude soft 

song. Soft song was not only a better predictor of attack 
than any of the other displays we observed, but it was also a 

better predictor than proximity during periods immediately 
before attack. Soft song was in general associated with 
close proximity, but we also observed soft song produced 
as far as 30 m from the mount; conversely some males gave 
broadcast song from within 0.25 m of the mount, or 

approached the mount closely while not singing at all. 

Thus, soft song production does provide information 

independent of proximity. 
Soft song may seem an odd signal to use to convey the 

highest level of aggressive intent, in that the signal's form 

(i.e., its low amplitude) appears to be antithetical to its 

function (intimidating rivals). One explanation for the use 

of soft song in aggressive encounters is that the low 

intensity of the signal may benefit the signaler by min 

imizing eavesdropping (McGregor and Dabelsteen 1996). 
McGregor (1993) defines eavesdropping as occurring when 
"individuals not directly involved in a signaling interac 
tion... none the less gather information from it." Recent 
studies demonstrate that eavesdropping in this sense occurs 

in territorial birds and other animals (Oliveira et al. 1998; 
Otter et al. 1999; Peake et al. 2001). Territorial males that 
use low amplitude songs when confronting intruders might 
benefit through concealing such interactions from eaves 

dropping females, who might lower their assessment of 
males that have difficulties with intruders, and from 

eavesdropping males, who might be tempted to trespass 
on territories whose owners appear to be preoccupied 
already with an intruder. We have recently shown, however, 
that neighboring males do not trespass less when we 

simulate an interaction between a soft owner and a loud 

intruder than when we simulate a loud owner/loud intruder 
interaction (Searcy and Nowicki unpublished). 

Despite our finding that soft song predicts attack, the 
overall impression from our results is that display behavior 
in song sparrows provides surprisingly little information on 

attack likelihood. This conclusion is consistent with 

theoretical predictions made by Maynard Smith (1974, 
1979) and Caryl (1979), but our results do not necessarily 
support their reasoning. These authors suggested that 

signals would contain little information on attack like 
lihood because most or all signalers would converge on the 

most aggressive signaling pattern, which would be the 
most effective behavior in terms of winning encounters. 
Our observations provide little evidence for such conver 

gence. What we observed instead was enormous variability 
in the signals given among the males that attacked as well 
as among those that did not. Variability in display by those 
that do not attack can be explained by the hypothesis that 
some individuals follow a dishonest signaling strategy of 

exaggerating their aggressiveness; variability in display by 
those that do attack requires a different explanation. 

Another explanation for why signals produced in an 

aggressive context are poor predictors of attack invokes the 
role of contingency. By contingency, we mean the depen 
dence of the signaler's behavior on events that occur in the 
time interval between the signal and the subsequent 
behavior. Effects of contingency are built into many 

signaling models; for example, in the first model of Enquist 
(1985), a signal that is completely honest about the intention 
to attack is followed by attack in only half the instances it is 

given, because in the other half, the receiver submits 

immediately, making an attack unnecessary. In our experi 
ments, we minimized the influence of this type of 

contingency by employing an inanimate opponent whose 
behavior did not vary between trials. Other types of 

contingencies are still possible, however, for example, a 

signaler might give an aggressive signal and then, before it 
can attack, be distracted by the behavior of its mate, a 

territorial neighbor, a predator, and so forth. The fact that in 
our results attack was better predicted by signals given in the 
1 min just before attack than by signals given earlier (in the 
initial recording period) is consistent with the contingency 

hypothesis, as the shorter the interval between signal and 

subsequent behavior, the less opportunity there is for 

contingency to intervene. As with the dishonest signaling 
hypothesis, however, contingency seems a better explana 
tion for why some individuals give aggressive signals and 
then fail to attack, than of why some individuals attack 

without giving aggressive signals beforehand. 
In previous work, we have found that territorial male 

song sparrows show considerable variation in aggressive 
and singing rates in response to intrusions, and that indi 
viduals are consistent from trial to trial in these behaviors 

(Nowicki et al. 2002; Hyman et al. 2004). Individuals are 

also consistent between trials in the proportion of soft songs 
that they produce (Searcy and Nowicki unpublished). 
Individual behavior is consistent across trials despite the 

contingencies that arise in successive trials, implying that 

contingencies cannot be blamed entirely for the weakness 
of the associations between signaling and subsequent ag 

gression. Individual strategies seem to include all possible 
combinations of weak signaling/weak aggression, strong 
signaling/weak aggression, weak signaling/strong aggres 
sion, and strong signaling/strong aggression. Despite the 

variability in individual strategies, almost all males are 

able to maintain their territories, which suggests that the 
fitness payoffs of the different strategies are similar. We 

suggest that multiple strategies of equal overall fitness 
exist for both signaling and aggression, and that the 

equivalence of these strategies is one major reason that the 
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relationship between signals and subsequent aggression is 

inherently weak. 
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