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Female choice for high roaring rates in red deer, Cervus elaphus 
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Abstract. Red deer males roar loudly and repeatedly during the breeding season. A series of playback 
experiments, carried out on farmed red deer in New Zealand, revealed that females preferred a high to a 
low roaring rate, but not low-pitched to high-pitched roars. In free-ranging red deer, fundamental 
frequency (the main determinant of roar pitch) is not related to body weight or reproductive success, 
whereas roaring rate is positively associated with both reproductive success and fighting ability. Female 
choice for males with high roaring rates may either reflect a selection pressure on females to mate with 
males that are successful in contests with other males or show that females mate with males that are easy to 
locate. Females also preferred the roar bout that was delivered first in a sequence, suggesting that they may 
prefer stags that initiate bouts of roaring. This is the first study to demonstrate experimentally that vocal 
characteristics of male mammals can influence the female's choice of mating partner. 

Empirical evidence for sexual selection through 
female mating preferences has been slow to ac- 
cumulate. While female choice for non-heritable 
benefits such as territory quality is now well 
established (e.g. Howard 1978; Pleszczynska 1978; 
Warner 1987), the most controversial issue is still 
whether females ever choose males solely on the 
basis of  genetic differences that will influence the 
attractiveness (Fisher 1930) or viability (Andersson 
1982) of  their offspring. There are few well docu- 
mented cases of female choice for male pheno- 
typic characteristics (reviews by: Halliday 1983a; 
Partridge & Halliday 1984; Majerus 1986; 
Kirkpatrick 1987; see also: Balmford, in press). 
Competition between males for access to mates can 
result in the same patterns of assortative mating as 
female choice and it is difficult to separate the two 
processes except by using experiments (Halliday 
1983a). 

Vocal displays are one aspect of the male pheno- 
type that can be reproduced accurately in the 
absence of other male stimuli and some of the best 
evidence for female choice has been generated by 
playback experiments. There is good evidence that 
male vocal characteristics influence female choice 
in some insects (Hedrick 1986; Simmons 1986; Zuk 
1987), anurans (Ryan 1980; Robertson 1986; 

*Fieldwork address: Serengeti Lion Project, Serengeti 
Wildlife Research Centre, Box 3134, Arusha, Tanzania. 

Klump & Gerhardt 1987) and birds (Searcy & 
Andersson 1986; Catchpole 1987). No similar evi- 
dence exists for mammals, although it has often 
been suggested that the loud calls of male mammals 
may serve to attract females (some ungulates: Kiley 
1972; hammer-headed bats, Hyposignathus mon- 
strosus: Bradbury 1977; old world monkeys: 
Gautier & Gautier 1977; humpback whales, Megap- 
tera novaeangliae: Tyack 1981; pikas, Ochotona 
princeps: Conner 1985). However, Mitani (1985) 
found that female orangutans, Pongo pygmaeus, 
did not move towards playbacks of male long calls. 
While a negative result may, in this case, be a conse- 
quence of the relatively stable nature of orangutan 
social groups, it emphasizes the need to test such 
suggestions experimentally. 

Only male red deer, roar (i.e. produce loud, low- 
pitched vocalizations) and they do so only during 
the autumn breeding season when they gather and 
defend harems. Roaring rates commonly reach a 
maximum of around 8 roars per min during the 
roaring contests that precede fights, but stags con- 
tinue to roar when competitors are absent, often 
seeming to direct their roars at females, and main- 
tain overall roaring rates of 2 roars per min 
throughout the 24 h (Clutton-Brock & Albon 1979; 
McComb 1988). There is evidence that high roaring 
rates confer success in contests between males 
(Clutton-Brock & Albon 1979) and that roaring 
advances ovulation in females (McComb 1987). 
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Here I investigate how roaring might affect a male's 
ability to attract-females to his harem and/or keep 
those females already in it. 

Competition between males is a major force 
determining the distribution of matings in red deer 
(Clutton-Brock et al. 1982). However, female 
behaviour may still influence male reproductive 
success if females are differentially attracted to 
males with different phenotypes. Females often 
leave and enter harems of their own accord, and 
occasionally do so while in oestrus. If cues permit- 
ting assessment of males are present in the roaring 
characteristics then females who choose to mate 
with superior males on the basis of these cues may 
benefit if their sons inherit either superior fighting 
ability or attractive roars. 

I carried out a series of playback experiments on 
farmed red deer in New Zealand to test whether 
females choose males on the basis of either roar 
pitch or roaring rate. 

M E T H O D S  

General Methods 

Red deer reproduction in New Zealand 

Breeding in red deer is seasonal. In New Zealand 
the breeding season is 6 months out of phase with 
that in Britain: most hinds are mated in March/ 
April and most calves are born in November/ 
December (Kelly et al. 1985). I carried out the play- 
back experiments described below on four separate 
deer farms in Timaru in the South Island of New 
Zealand. Normally on these farms groups of hinds 
were kept in fenced paddocks throughout the year 
and selected sire stags introduced for the duration 
of the breeding season. 

Equipment 

Recorded roars were broadcast from two 
Tannoy Lynx Studio Monitor speakers using a 
Tresham Audio SR202 160 W power amplifier and 
Uher 4200 Report Monitor tape recorder. This sys- 
tem provided a flat frequency response from 50 Hz 
to 15 kHz. Accessit noise gates were inserted 
between the recorder and amplifier to remove tape 
hiss. Recordings used for playback were free from 
background noise and had been made with a 
Sennheiser MKH816T directional microphone, 
fitted with a windshield, at distances of less than 
30 m from subjects. Recorded subjects included 

stags from a free-ranging population of red deer on 
the island of Rhum, Inner Hebrides, Scotland and 
from deer farms in New Zealand (Clutton-Brock et 
al. 1982; McComb 1988). Speakers were hidden in 
long grass and tree clumps during playback. 

Choice tests 

I conducted choice tests in the paddocks in which 
the hinds were normally kept. Groups of hinds, 
rather than individuals, were used in the tests, as the 
subjects had been kept in stable groups throughout 
the year and separation of individuals for testing 
was likely to disrupt normal behaviour. The mean 
number of hinds per group was 27 (SD = 10). 

Within a test, the behaviour of any one individ- 
ual was likely to have been affected by others in the 
group, so individuals could not be considered inde- 
pendently. Any choice test thus represented a 
sample size of one. To obtain adequate sample 
sizes, I carried out 30 tests on five different groups; 
16 of these were pitch choices and 14 were rate 
choices. 

To minimize habituation, no more than one test 
per day was given to any one group. All choice tests 
were conducted between 24 February and 9 March 
1986. 

In any one choice test the two speakers presented 
alternative choices of roar sources to the females, 
and I assessed preferences by the orientation and 
movement of females towards these two focal 
points. During a test the roar pitch or rate that 
issued from any one speaker was kept constant. 
Thus, for example, if high-pitched roars were issued 
from speaker 1 at the start of the test they came 
from that speaker throughout the test, and 
low-pitched roars were issued from speaker 2. 

In this situation, preferences for a particular 
speaker might arise partly from preferences for par- 
ticular locations in the paddock. To control for 
such end effects each choice test had a paired test 
which involved the same speaker locations but in 
which the choice alternatives that issued from those 
speakers were reversed. 

Apart from the necessary pairing of tests 
described above, speaker positions within the 
paddocks were varied between tests in order to 
minimize habituation. 

Loudness of playback 

Roars were broadcast from the speakers at equal 
loudness (.~___SD of peak sound pressure level= 
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Table I. Roar sequences in choice tests using natural 
differences in roar pitch 

Sequence Order of bouts No. of roars 
no. in sequence per bout 

1 HI 1 
LO 1 

2 LO 2 
HI 2 

3 HI I 
LO 1 

4 LO 2 
HI 2 

5 HI 4 
LO 4 

6 LO 3 
HI 4 

Each sequence consisted of two consecutive bouts of roars 
separated by 5 s or less. HI indicates that a bout of high- 
pitched roars were issued from one speaker, LO indicates 
that a bout of low-pitched roars were issued from the 
other speaker. Sequences were separated by approxi- 
mately 30 s of silence. Sequences 1-5 are matched exactly 
for roar number. In sequence 6, where three low-pitched 
roars are paired with four high-pitched roars, bout 
durations are similar. 

109-1-1 dB, at 1 m from source). To ensure that 
hinds received equal exposure to both alternatives 
in a choice test, they were usually fed in a position 
directly between the speakers immediately prior to 
the test. 

Pitch Choice Experiments 

To investigate whether females preferred 
males with low-pitched roars, they were given the 
choice between high- and low-pitched roars using 
both naturally occurring variations in pitch and 
artificially modified roars. 

Natural variations in pitch 

Six bouts of roars from each of two stags with 
mean (_+so) fundamental  frequencies of 209+ 
16 Hz (high pitch) and 125 _+ 18 Hz (low pitch) were 
used in a series of choice tests. A bout  is a series of 
one to nine roars given on a single exhalation. I 
selected the bouts in matched pairs, such that each 
high-pitched bout  was paired with a low-pitched 
bout  containing a similar number  of roars (Table I). 
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Females were given six matched choices during a 
test, which lasted 216 s (start o f  the first pair of  roar 
bouts to end of the last pair). 

Tests started with the first speaker issuing a high- 
pitched bout, followed within 5 s by the second 
speaker issuing a low-pitched bout, followed by 
approximately 30 s of  silence. The pair of  roar 
bouts was known as a sequence. At the end of  30 s 
the second speaker was first to issue a low-pitched 
bout, followed by the first speaker issuing a high- 
pitched bout, followed again by 30 s of  silence. This 
pattern was repeated for the rest of  the six paired 
bouts, alternating the speaker, and thus the pitch of 
bout, that sounded first in a sequence. 

Alternation of the leader in each sequence was 
prompted by evidence in anurans that females may 
prefer bout  leaders (e.g. Whitney & Krebs 1975). 
Inevitably, one roar type initiated the playback 
session; in this case it was high pitched. This was 
balanced, however, by ensuring that in the second 
series of pitch choices (which used artificially modi- 
fied roar pitch), the first bout  to be given was low 
pitched. 

Artificially modified roars 
When using naturally varying roars to test pitch 

preferences it is not  possible to control adequately 
for other structural differences between roar types. 
Thus there remains the possibility that females 
could show preferences for one roar type that are 
not  based on pitch. I designed the second series of 
choice tests to overcome this problem. Females 
were given the choice between bouts of  roars as they 
occurred normally and the same bouts with funda- 
mental frequencies reduced artificially to half their 
original values. Other structural characteristics of 
the roars, such as resonance patterns, were left 
unchanged by the modification. 

Six bouts of roars from an individual in the 
Rhum populat ion with a higher than average fun- 
damental frequency ( X + s o =  182+ 11 Hz) were 
selected for modification. The roars in these bouts 
were digitized to a PDP 11/60 computer through a 
12 bit digital-analogue converter and fundamental  
frequencies were estimated using linear predictive 
analysis. The frequency-shifted roars were then 
produced by resynthesizing with fundamental  fre- 
quencies scaled to half their initial values. These 
could be passed a second time through the digital- 
analogue converter and re-recorded to tape. All 
modifications were carried out by a qualified 
phonetician. 
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Table IL Roar sequences in choice tests using artificial 
differences in roar pitch 
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Table III. Roar sequences in the first series of rate choice 
tests in which stag A roared at a high rate and stag B 
roared at a low rate 

Sequence Order of bouts No. of roars 
no. in sequence per bout Sequence Order of bouts No. of roars 

no. in sequence per bout 

I LO 1 
HI 1 i A 2 

2 HI 2 B 2 
LO 2 2 A 10 

3 LO i 3 A 11 
HI 1 4 B 2 

4 HI 3 A 2 
LO 3 5 A 3 

5 LO 4 6 A 6 
HI 4 

7 A 3 
6 HI 3 B 1 

LO 3 
8 A 7 

Each sequence consisted of two consecutive bouts of roars 9 A 3 
separated by 5 s or less. HI indicates that a bout of 
high,pitched roars were issued from one speaker, LO indi- 
cates that a bout of low-pitched roars were issued from Sequences consisted of either the two stags roaring con- 
the other speaker. Sequences were separated by secutively (5 s or less apart) or the stag with the high roar- 
approximately 30 s of silence, ing rate (A) roaring alone. Sequences were separated by 

approximately 15 20s of silence. 

Fo r  choice tests, frequency-shifted roars were 
paired with their original counterparts. Number  of  
roars per bout  was thus matched automatically 
(Table II), as were structual characteristics of  the 
roars other than fundamental  frequency. The pat- 
tern o f  playback was identical to that described 
above, alternating the bout  leaders in each 
sequence and separating playback sequences by 
approximately 30 s of  silence. The test lasted 229 s 
and each test was initiated by a low-pitched bout. 

The fundamental  frequencies of  the frequency- 
shifted roars were still within the range of  natural 
variation found in the populat ion on Rhum (Rhum 
mean +SD = 126--+ 36 Hz, M c C o m b  1988). 

Test sehedule for pitch choice 

Of the 16 choice tests carried out for pitch, eight 
repeated the naturally varying pitch choice and 
eight the choice for artificially modified pitch. 

Rate Choice Experiments 

To test whether females prefer males with high 
roaring rates, they were given the choice between 
roars played at high versus low rates. 

Females were given the choice between roars 
from one stag (A) played back at a high rate (12.8 

roars per min) and roars from a second (B) played 
back at a low rate (1.4 roars per min). To control for 
females preferring roars from one stag for reasons 
other than roaring rate, a second series of  tests 
repeated the choice with roars from the stag 
previously played at a high rate (A) played as a low 
rate (1.5 roars per min) and those from the stag 
previously played at a low rate (B) played at a high 
rate (10.5 roars per min). The 14 tests for rate 
preferences were divided equally between these 
alternatives. 

A bout o f  roars from the speaker with the high 
roaring rate was paired with a bout from the 
speaker with the low roaring rate in the first, fourth 
and seventh sequences of  the test (Tables III  and 
IV). In the remainder of  the nine sequences, the 
high-rate speaker sounded alone. Which stag 
roared first was alternated between each of  the 
three sequences containing paired bouts (as for 
pitch choices). Also, in half  of  the rate choices the 
high-rate speaker sounded first in the first sequence 
of  the test (Table III) and in the other half  the low- 
rate speaker sounded first in the first sequence 
(Table IV). The paired bouts in both sequence 1 and 
sequence 4 were matched for number  of  roars 
per bout. In sequence 7 the speaker with the high 
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Table IV. Roar sequences in the second series of rate 
choice tests in which stag A roared at a low rate and stag B 
roared at a high rate 

Sequence Order of bouts No. of roars 
no. in sequence per bout 

1 A 2 
B 2 

2 B 5 

3 B 6 

4 B 2 
A 2 

5 B 3 

6 B 4 

7 A 1 
B 5 

8 B 4 

9 B 3 

Sequences consisted of either the two stags roaring con- 
secutively (5 s or less apart) or the stag with the high 
roaring rate (B) roaring alone. Sequences were separated 
by approximately 15-20 s of silence. 

roaring rate had more roars per bout. The tests 
lasted 221 and 194 s. 

This pattern of playback allowed two compari- 
sons of female'responses to high versus low roaring 
rates. (1) Comparison of female responses to high 
versus low roaring rates throughout the test. Over- 
all, the high-rate speaker presented the stronger sig- 
nal by sounding more often. (2) Comparison of 
female responses to the high versus low roaring 
rates at sequence 4 in the test. At that time, both 
speakers produced two roars and thus presented 
signals of equal strength. Responses to sequence 4 
could determine whether hinds preferred the stag 
with the higher roaring rate when he roared along- 
side, and presented a signal of equal strength to, the 
one with the lower roaring rate. 

Date Recording 

Video recording 

I made a video recording of each choice test, 
commencing 1 min prior to the beginning of play- 
back and continuing until 1 min after the com- 
pletion of the test. Where I could not keep all 
members of a group in view, I focused the camera 
on the main body of the group. 
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Video analysis 

I could not follow focal animals throughout a 
test because individuals moved in and out of the 
video viewfinder. Instead they were chosen for 
each sequence of roars and followed through the 
sequence and for 5 + x s after its completion, where 
x was the interval between roar bouts when there 
were two bouts in a sequence. I selected focal 
animals by freezing the video immediately prior to 
the onset of the first roaring bout in a sequence, and 
sketching the animals that I could see clearly. Any 
focal animals that were lost from view during the 
sequence were excluded from the analysis. The 
mean (_+ so) number of focal animals per sequence 
was 7 (-r 2). 

I recorded looks and movements towards the 
speakers by focal animals at each sequence in a test. 

Look: subject looks in the direction of the 
speaker, by turning the head if previously facing 
away, or lifting the head and pricking the ears if 
already looking in that direction. 

Movement: subject takes two or more steps in the 
direction of the speaker with the head lifted and 
alert. Grazing movements, with the head down or 
half lifted, were not included in this category (see 
also Cheney & Seyfarth 1982). 

In addition, for a single focal animal that I could 
see clearly throughout the sequence, and that 
looked at both speakers during it, I recorded the 
response latency to each speaker. 

Response latency: number of frames from the 
onset of the first roar from a speaker until the sub- 
ject showed its first sign of response to it. Where 
possible, the subject on which latencies were 
measured had a central position in the group and 
was not facing in the direction of either speaker 
prior to playback. 

Preference assessment 

The above measurements gave the fraction 
of focal hinds that looked and moved towards 
each speaker at each sequence in a test, and, at 
sequences consisting of paired roar bouts (all 
sequences in pitch choices and sequences 1, 4 and 
7 in rate choices), the response latency of a focal 
individual to each speaker. Preferences shown by 
looking, movement and response latency were 
assessed in turn. In a sequence, focal hinds 'pre- 
ferred' the speaker to which a greater fraction 
looked or moved, or at which a focal individual 
looked most quickly. If the same fraction of focal 
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hinds looked or moved in both directions, or 
if a focal individual responded equally rapidly 
(or within one video frame) to both speakers, they 
were scored as showing no preference at that 
sequence. 

Preference scores for the two alternatives pre- 
sented in a test were then calculated as the fraction 
of sequences in a test in which (1) preference was 
shown for the first alternative (e.g. low pitch) and 
(2) the second alternative (e.g. high pitch). 

R E S U L T S  

Pitch Choice Tests 

Choice of roar pitch 

I combined outcomes of natural and artificial 
pitch tests for analysis. Preference scores (see 
Methods) for each of the two alternatives in the 16 
tests formed the matched pairs in Wilcoxon 
matched-pairs signed-ranks tests. There were no 
significant differences between preference scores 
for low versus high-pitched roars on the basis of 
looks (N= 14, T=45, NS), movement (N= 10, T =  
16.5, Ns) or response latencies (N= 13, T=22, NS). 
These results do not support the hypothesis that 
females are differentially attracted by low-pitched 
roars. 

Choice for bout leader 

Which of the two pitch alternatives was issued 
first in sequences had been randomized within 
and across tests, to control for possible female 
preferences for the bout leader. To investigate 
whether females did distinguish between bout 
leaders and followers, sequences within each test 
were classified on whether females preferred the 
bout leader, or the follower, in each of looks, 
movement and response latency. Test outcomes 
were scored for bout leader and follower pref- 
erences using the same rules as before (see above). 
Preferences for the bout leader were significantly 
greater both for looks (Wilcoxon; N =  12, T=4-5, 
P<0-005 one tailed) and latency of response 
(Wilcoxon: N =  11, T=  13, P<0.05 one tailed). 
Movement was not significantly different between 
the two alternatives (Wilcoxon: N=6 ,  T =  8, Ns). 
These results suggest that females are more at- 
tentive to the stag that roars first in an exchange 
of roar bouts. 

Rate Choice Tests 

Choice for high roaring rate 

Looks and movement in response to the first 
sequence of roars in rate choice tests were dropped 
from the analysis. As both stags delivered two roars 
on the first sequence, no difference in roaring rate 
had yet been established between them, and 
responses of hinds at this sequence would obscure 
preferences shown over the rest of the test. 
Calculating test outcomes as before, hinds were sig- 
nificantly more likely to look at (Wilcoxon: N = 14, 
T=0,  P<0.005 one tailed) and move towards 
(Wilcoxon: N =  12, T= 3, P < 0"005 one tailed) the 
speaker with the high roaring rate. 

Response latencies were measured in only the 
three sequences containing paired bouts, i.e. 
sequences l, 4 and 7. As there was no difference in 
roaring rate between the stags on the first sequence 
(see above), I assessed differences in response 
latency to the two alternatives by scoring test out- 
comes on the preferences shown in the fourth and 
seventh sequences. There was no significant differ- 
ence in latency to response to high- versus low-rate 
roarers (binomial test P =  0-50). 

These results show that hinds are more likely to 
look at and approach the speaker with the higher 
roaring rate. The most likely explanation is that 
they are attracted to roars during and immediately 
after playback and since the high-rate speaker 
roars more often it elicits more looking and move- 
ment. However, whether hinds also prefer the 
speaker with the higher roaring rate when it roars 
alongside, and presents an equally strong signal to, 
the speaker with the lower roaring rate can be 
tested by examining their responses during the 
fourth sequence. Here both speakers delivered a 
bout of two roars and which speaker roared first 
was randomized systematically across the 14 tests. 
At this sequence hinds were significantly more 
likely to look at (Z2=7.36, df= 1, P<0.01) and 
move towards (Z2=4-46, df=l ,  P<0.05) the 
speaker that had been roaring at the higher 
rate. 

The above result could have been an outcome of 
the focal animals being closer to the high-rate 
speaker at the onset of the fourth sequence, so that 
roars from that speaker were perceived as louder 
than those from the low-rate speaker. To test for 
this I examined the position of the focal hinds 
immediately before sequence 4 was played. There 
was no consistent bias in the position of the hinds 
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with respect to either speaker at this time. Although 
the group as a whole tended to move towards the 
high-rate speaker during the tests, the focal hinds 
were usually selected from the central portion of the 
group. Groups were spread out, such that at any 
time some individuals were closer to the high-rate 
speaker and some closer to the low-rate speaker. 

This result suggests that stags with high roaring 
rates may be more likely to attract hinds both when 
roaring alone, and when they roar in conversation 
with others that have been roaring at a lower 
rate. 

D I S C U S S I O N  
Red deer hinds did not prefer low-pitched roars. 
In those anuran species where females prefer males 
with low-pitched vocalizations, as measured by 
fundamental or dominant frequency, vocalization 
pitch is negatively correlated with body size 
(Ryan 1980; Robertson 1986). As success in con- 
tests is often closely related to size and weight 
(Riechert 1978; Clutton-Brock et al. 1979, 1988a; 
Sigurjonsdottir & Parker 1981; Otronen 1984; 
Thornhill 1984; Robinson 1985; Turner & 
Huntingford 1986), by choosing males with deep 
vocalizations females might be expected to obtain 
superior mates. However, a relationship between 
vocalization pitch and body weight has been shown 
in only a few vertebrate groups. Among mammals, 
although voice pitch in humans is lower in males 
than females (Monsen & Engebretson 1977) and in 
adults than children (McGlone 1966), there is no 
good relationship between voice pitch and body 
size among adults of the same sex (Gunter & 
Manning 1982). Roar pitch shows no association 
with body weight in mature red deer stags 
(McComb 1988). By choosing males that have low- 
pitched roars, red deer hinds would not necessarily 
be obtaining larger mates. 

Even in toads and frogs, female choice for low- 
pitched calls has been shown in relatively few 
species (see above). In natterjack toads, Bufo cala- 
mira, where males are known to use call pitch to 
assess opponents, females show no preference for 
low-pitched calls and instead approach the call that 
they perceive as loudest (Arak 1983). Females of a 
variety of Hyla species strongly prefer calls with 
their own species-specific pulse rate (e.g. Gerhardt 
1982; Klump & Gerhardt 1987) but size-assortative 
mating on the basis of call pitch does not seem to 
occur (Gerhardt 1982; Doherty & Gerhardt 1984). 
In practice, a relatively low percentage of  the vari- 

ance in call pitch is usually explained by body size 
(e.g. Gerhardt 1982). The small increase in fitness 
that females could potentially achieve by fine- 
grained assessment of male call pitch would be 
counterbalanced by increased search costs and 
predation risk. It is not surprising, therefore, that 
the clearest examples of  female choice in anurans 
involve females discriminating between calls of 
their own and sympatric species (Gerhardt 1982; 
Doherty & Gerhardt 1984; Klump & Gerhardt 
1987). The costs of  mating with another species are 
far in excess of  those incurred by choosing an 
inferior conspecific male. Where females differen- 
tiate between males of their own species, most evi- 
dence suggests that they are differentially attracted 
by males whose calls contain the most acoustical 
energy (Arak 1983; Halliday 1983b; Klump & 
Gerhardt 1987). Such males will be the easiest to 
locate and, because of links between energy metab- 
olism and call intensity, duration and rate (Taigen 
& Wells 1985), may often be the fittest males (but 
see Halliday 1987; Ryan 1988). 

Fisher's model for the evolution of female mating 
preferences does not rely on females choosing the 
best males once mating preferences have been 
established (Fisher 1930), and Kirkpatrick (1982) 
has shown that, under certain circumstances, pref- 
erences can be established even for male traits that 
are deleterious. This is because, once a precedent of 
female choice for a particular male trait has been 
established, females who mate with males that 
possess the trait are more likely to produce sons that 
will be chosen by females in the next generation. 
Thus it was conceivable, though less likely, that 
females could have evolved a preference for low- 
pitched roars even without a strong link between 
roar pitch and quality. However, there was no evi- 
dence from this experiment of  a Fisherian mating 
advantage for males with low-pitched roars. 

Females paid more attention to the roaring bout 
that was delivered first. Their significantly greater 
tendency to look at the bout leader in a sequence 
was not translated into preferential movement, but 
such movement could be the normal result of look- 
ing towards the stag that consistently roars first in 
roaring exchanges in the wild. As the speaker that 
roared first was alternated between sequences in the 
experiment, there was no consistent difference 
between the speakers for this trait over each test as a 
whole, and hinds did not have the opportunity to 
show a long-term preference. Female choice for 
bout leaders has also been observed in anurans, 
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where there is some evidence that the individuals 
that lead calling bouts also call more loudly, at a 
faster rate and for longer than other individuals in 
the chorus (Whitney & Krebs 1975). Red deer stags 
with high roaring rates might be expected to initiate 
more roaring bouts simply because they roar more 
often. As stags with high roaring rates are more 
successful in contests, by choosing to mate with 
bout leaders hinds might obtain superior mates. 
Irrespective of this, however, the results suggest 
that red deer stags may benefit by roaring first in 
exchanges. 

Female preference for the higher roaring rate in 
the rate choice experiment was partly a result of 
attraction to the source of roaring, during and 
immediately after playback. As the high-rate 
speaker sounded more often, it was the greater 
attractant. However, that females also preferred 
the high-rate speaker even when it roared along- 
side, and presented a signal of  equal strength to, the 
low-rate speaker, suggests a more specific discrimi- 
natory response. One might have predicted either 
that hinds would show no preferences when both 
speakers delivered equally strong signals or even 
that they would prefer the low-rate speaker which, 
by roaring less often, would present the more novel 
stimulus. On the basis of the result obtained here, 
hinds would be expected to prefer stags with high 
roaring rates even at times when stags with low 
roaring rates were equally conspicuous. Both of the 
above factors would contribute to the greater 
attractiveness of stags with high roaring rates. 

Display rate is correlated with reproductive suc- 
cess in a number of  other species (e.g. sage grouse, 
Centrocercus urophasianus: Gibson & Bradbury 
1985; great snipe, Gallinago media: H6glund & 
Lundberg 1987; fallow deer, Dama dama: Clutton- 
Brock et al. 1988b). Although this may be partly 
because high display rates confer success in contests 
between males, it may also reflect the greater ability 
of males with high display rates to attract females. 
By their attraction to males with high roaring rates, 
females are likely to be mated by superior males, 
because roaring rate is correlated with fighting 
ability. Stags will be selected to roar at a high rate, 
as this will help them both to keep their own females 
and to attract females from other harems. 

Female choice for signals that are high in 
acoustical energy, either in the form of preferences 
for calling males that produce more calls in total, or 
that produce more energy in each individual call, has 
been found in a variety ofanurans, insects and birds 

(Arak 1983, 1988; Forrest 1983; Sullivan 1983; 
Wells & Schwartz 1984; Hedrick 1986; Gottlander 
1987). There are two possible explanations. One is 
that females have been selected to choose high 
quality mates that can afford to invest in calling 
characteristics that are energetically more expens- 
ive. This argument requires either that the female 
derives some immediate benefit from mating with a 
high quality male (such as greater protection during 
mating, Clutton-Brock et al. 1988b) or, more 
usually, that fitness and/or display characteristics 
are heritable. In the latter case females can benefit 
by choosing to mate with superior males only if 
these males will produce sons that will either be 
more successful competitors themselves (Andersson 
1982) or possess display characteristics that are 
more effective at attracting females (Fisher 1930; 
Kirkpatrick 1982). The alternative explanation is 
that females are simply minimizing search costs and 
predation risks by mating with males that are easy 
to locate (Parker 1982, 1983; Halliday 1983b; 
Searcy & Andersson 1986). While there is evidence 
to suggest that ease of mate location is a likely 
explanation for many observed patterns of female 
choice, this is not mutually exclusive with hypoth- 
eses that females have been selected to choose high 
quality males or males that will produce attractive 
sons. Both factors could have contributed to female 
preferences for males with high calling rates. 

Here I have provided some evidence that roaring 
affects mate attraction in red deer and that females 
choose between males on the basis of roaring 
characteristics. That roaring rate, rather than roar 
pitch, is the characteristic that influences female 
choice may reflect a selection pressure on the 
females of this highly polygynous species to choose 
phenotypic characteristics that are associated with 
success in competition between males. 
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