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Summary. A perturbation experiment was carried 
out in which the spacing between singing male 
bushcrickets, Tettigonia viridissima, was artificially 
manipulated. The experiment entailed releasing 
virgin females into an area in which caged males 
were either spaced evenly or in which a proportion 
of the males were clumped. There was large varia- 
tion among males in the proportion of time spent 
singing (range 39-91% of total singing time). 
Singing activity was correlated with male body 
weight, but was not influenced by male spacing. 
Out of a total of 108 females released during the 
experiment, the majority (N=90)  moved from 
their release points onto the cage of one of the 
closest singing males. More distant signalers some- 
times attracted females when one of the closest 
males did not sing, or sang very little, during the 
period in which females were moving. When 
clumped, males were less successful in attracting 
females than when regularly spaced within the ex- 
perimental area. Therefore, within a homogeneous 
habitat in which females are randomly distributed, 
male mating success will be maximized when males 
space out as far as possible from their competitors. 
As predicted, a regular dispersion of signaling 
males is the pattern observed in the preferred mi- 
crohabitats of  this species in nature. 

Introduction 

Choruses of sound-producing insects and anuran 
amphibians have received considerable attention 
from behavioral ecologists in recent years. These 
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choruses consist of  aggregations of males produc- 
ing signals that attract sexually receptive, conspe- 
cific females. 

The large scale spatial distribution of  signaling 
males may, in many species, reflect the distribution 
of preferred resources such as foodplants (e.g., 
grasshoppers: Greenfield and Shel]ly 1985), ovipo- 
sition sites (e.g., anurans: Wells 1977), or signaling 
sites (e.g., bushcrickets: Arak and Eiriksson, sub- 
mitted). Alternatively, aggregations of males may 
form at arbitrary places in the habitat, called 
" leks"  (reviewed by Bradbury and Gibson 1983), 
if clustering per se enhances an individual male's 
prospects of  mating. Two suggestions have been 
made as to why males that join aggregations might 
experience increased mating success. Firstly, the 
combined effect of  signaling by many males may 
increase the broadcast range of signal so that pro- 
portionally more females are attracted to larger 
choruses (Otte 1974; Alexander 1975). We refer 
to this as the "signal enhancement hypothesis" 
Secondly, it has been suggested that females may 
force males to aggregate in order to facilitate mate 
choice, and as a corollary, refuse to mate with iso- 
lated males (Alexander 1975; Bradbury and Gib- 
son 1983). We refer to the latter hypothesis as the 
"female preference model."  

On a smaller scale, it has been t?requently found 
that signaling males maintain some minimum dis- 
tance from each other by means ,of acoustic and 
physical interactions. This may sometimes result 
in a regular distribution of males within aggrega- 
tions (e.g., bushcrickets: Bailey and Thiele 1983, 
Schatral et al. 1984; anurans: Arak 1983, Robert- 
son 1984). The simplest interpretation of such 
"acoustic spacing" is that it allows males to broad- 
cast their songs to females within a zone that is 
free from competitors (Arak 1983). 



j
males in a habitat may, therefore, reflect a com- 
promise between selective pressures favoring ag- 
gregation, which ensures a greater number of  avail- 
able females, and selective pressures to space out, 
which ensures successful courtship and mating 
once females have arrived at the aggregation (Doo- 
lan 1981). Given that there are many differences 
in population demography, habitat structure, and 
display behavior between signaling species, it 
seems likely that the balance of selective forces fa- 
voring either aggregation or dispersal will also 
vary. It is surprising, therefore, that few studies 
have been carried out with the aim of discriminat- 
ing between different hypotheses for male spacing. 

In this paper we investigate the optimal spacing 
pattern in bushcrickets, Tettigonia viridissima, by 
means of perturbation experiments. We have pre- 
viously shown that the males prefer microhabitats 
that allow them to broadcast their songs from 
perches elevated above the dominant layer of  vege- 
tation. However, within aggregations, males are 
spaced evenly and maintain a minimum distance 
from their competitors both by acoustical and 
physical interactions (Arak and Eiriksson, submit- 
ted). Here we demonstrate that this spacing pattern 
is optimal for attracting females over short dis- 
tances. Artificially increasing the degree of aggre- 
gation within clumps was found to decrease the 
ability of individual males to attract females, thus 
refuting the suggested advantages of signalling in 
groups. 

Methods 

All bushcrickets used in the experiments were collected in the 
field as final instar nymphs and reared to sexual maturi ty in 
the laboratory. Males and females were kept individually in 
well-ventilated plastic boxes (15x 10x 10cm) and were fed 
daily with fresh grass and dried pellets of dog food. A few 
days after the final moult, 19 males were taken from the labora- 
tory stock and each placed in a tubular  cage (100 x 50 cm) made 
by suspending a black nylon net between two wire hoops. At  
each end of  the cage, the net was gathered and tied firmly 
to a central wooden pole, approximately 2 m long, which sup- 
ported the cage and provided a convenient singing perch for 
the captive male. The base of the pole was pushed firmly into 
the ground so that  the lower end of the cage came to rest 
30~40 cm above ground level. A small amount  of fresh grass, 
a few sprigs of meadow-sweet Filipendula ulmaria, and dog food 
pellets were placed in each cage at 2-day intervals to provide 
food and cover. Males began singing in the cages within a 
few hours of acclimatization and sang regularly for several 
hours each day as long as the shade temperature exceeded 
13°C. 

Song sections were recorded at a distance of  50 cm above 
the sound-producing mirror of each male, using an ultrasound 
detector Model D-960, (frequency range 10-150 kHz, Lars Pet- 
terson, Vretgrfind 9D, S-753 22 Uppsala,  Sweden) on time- 
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Fig. 1. The experimental design showing how positions of caged 
males and female release points were determined. Only 3 of 
the 36 female release points are indicated 

expansion mode, linked to a Sony TC-D5M cassette recorder. 
The time-expanded signals (frequency-reduced 10 times) were 
analyzed on a Uniscan 4500 sonagraph to determine frequency 
characteristics of songs. Sound pressure levels of songs were 
measured 50 cm above the mirror, using a Briiel and Kj~er 
2221 precision sound level meter on peak-recording mode. In 
this mode, the meter has a linear frequency response from 
0.2 Hz to 20 kHz. The peak measurement of the signal, there- 
fore, corresponds to the peak amplitude of the emphasized fun- 
damental  frequency of the song (approximately 10 kHz). All 
males were weighed to the nearest 0.01 g before each experiment 
began. After completing all experiments, the males were killed, 
and pronotum length, hind tibia length, and mean diameter 
of the sound-producing mirror were measured using a Wild 
binocular microscope with graticule eyepiece. 

In preliminary trials, virgin females readily approached 
singing males 1 week after their final molt. At  this time, the 
19 caged males were arranged in a field adjacent to the Tove- 
torp Research Station, 90 km south of Stockholm. This site 
was chosen because it consisted of fairly homogeneous vegeta- 
tion, mainly long grasses and clover, and was not colonized 
by wild T. viridissima (the nearest singing males were found 
approximately 100 m away, beyond the hearing range of the 
animals used in the experiment; see Rheinlaender and R6mer 
1986). The experimental area was first mapped out into a hon- 
eycomb pattern of 19 perfectly fitted hexagons of equal size 
(Fig. 1). In Experiment 1, a randomly chosen cage was placed 
at the center of each hexagon (Fig. 2a). For  a fixed number  
of males in a given area, this arrangement maximizes the dis- 
tance between adjacent males, each individual having six equid- 
istant nearest-neighbors. The distance between consecutive 
cages was fixed at 8 m, slightly greater than the mean nearest- 
neighbor distance of 6 m between regularly-spaced singing 
males observed in thicker vegetation in the field (Arak and 
Eiriksson, submitted). 

In Experiment 2, we simulated a situation in which a pro- 
portion of the males cluster within the habitat.  The six cages 
in closest proximity to the central cage were moved 6 m directly 
towards the latter. The arrangement (Fig. 2b) then consisted 
of a central group of seven cages spaced 2 m apart  (denoted 
'C ' ) ,  surrounded by an outer group of 12 cages spaced 8 m 
apart  (deno ted '  O').  
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Fig. 2. The arrangement of caged singing males in (a) Experiment 1 and (b) Experiment 2. The letters C and O indicate "central" 
and "outer" males. The solid arrows show the movements of females from their realease points during the first series of experiments; 
dashed arrows show their movements in the second series. Females were released only from intermediate positions 13-30 in 
the second series. The position of males was randomized between the two experimental series 

In each experiment, 36 virgin females, individually color- 
coded with paint spots on the pronotum, were placed in plastic 
rearing boxes and randomly assigned to release points situated 
at all points of intersection between the corners of adjacent 
hexagons (see Fig. 1). The experiments took place between 
1400 hours and 2300 hours during the last week of August and 
the first week of September 1987. When all males had been 
singing for at least 30 min, the lids were carefully removed from 
the boxes containing the females. Three observers then noted 
whether or not each male sang for a period of 5 s in successive 
3-min intervals. Our observations did not seem to disturb the 
males. Since males typically produce trills of almost continuous 
song, interspersed with short, 1-2 s periods of silence, we believe 
that our point samples of singing activity provide a reliable 
estimate of the overall singing activity of individual males. Song 
activity was sampled during at least two periods, each of 30 rain 
duration, within an experimental trial, giving a minimum of 
20 point samples of singing activity per male. Females were 
recovered and placed in plastic bags as soon as they had climbed 
onto a cage in which a male was singing; their identity and 
choice of male was noted at the same time. Removal of females 
from cages occasionally caused the male to stop singing, but 
in all cases the male began singing again within a few seconds. 
The experimental trial was terminated when all males had 
stopped singing for the day, usually when the temperature had 
dropped below 13 ° C. Females that had not made choices at 
this time were sometimes discovered in their release boxes, or 
quite close to the release point, sitting still or feeding. The 
experiment was repeated on successive days until a choice had 
been made by a female from every release point. 

The same females were used in Experiments 1 and 2, and 
as far as possible, they were assigned to the same release points. 
(This was not always possible since some females released in 

Experiment 1 were not recovered.) Thus, the conditions in Ex- 
periments 1 and 2 were closely matched, except that the disper- 
sion of the central group of seven males had changed. The 
whole series of experiments was repeated a second time, but 
the positions of males were randomized between each series. 
In the second series, however, females were in short supply, 
therefore they were released only from positions 13 30, inter- 
mediate between the central and outer groups of males. To 
test for an effect of clumping on female attraction, the relative 
success of central and outer groups of males were compared 
between Experiments 1 and 2. 

R e s u l t s  

Male singing activity 

O n  average ,  ma les  were obse rved  s ing ing  d u r i n g  
66%  of  the p o i n t  samples  ( range  3 9 - 9 1 % ,  sd= 
13.7%,  N = I 9 ) .  M a l e  s ing ing  ac t iv i ty  was  h igh ly  
co r re l a t ed  wi th  b o d y  weigh t  ( r = 0 . 6 0 ,  P < 0 . 0 0 1 ,  
N =  18), b u t  n o t  wi th  p r o n o t u m  l eng th  ( r = 0 . 1 2 ,  
P > 0 . 9 )  or  f e m u r  l eng th  (r = 0 . 2 2 ,  P > 0 . 7 ) .  I n  b o t h  
E x p e r i m e n t s  1 a n d  2, there  was  n o  s ign i f ican t  dif- 
ference b e t w e e n  the m e d i a n  s ing ing  ac t iv i ty  o f  
males  in  the cen t ra l  a n d  ou te r  g r o u p s  ( P > 0 . 4 ;  
M a n n  W h i t n e y  test  for  d i f ference in  m e d i a n  song  
activi ty) .  

W e  tested the poss ib i l i ty  t ha t  the c lus ter  o f  cen-  
tral  ma les  i n  E x p e r i m e n t 2  c o o r d i n a t e d  the i r  
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Fig. 3. The frequency at which different numbers of males with- 
in the central cluster (C males, Experiment 2) were singing si- 
multaneously within a given song sampling period. The solid 
line joins the observed frequencies, and the dashed line shows 
the frequencies expected by chance if males sing independently 
of each other 

singing activity in such a way that might increase 
their ability to attract females. Potentially they 
might achieve this by singing strictly in unison to 
augment the total intensity of  the combined signal, 
or by alternating song bouts with each other to 
maximize the total time that a signal is being emit- 
ted (see Alexander 1975). During each consecutive 
3-min sampling interval, we counted the number 
of  males in the central group of  seven that were 
recorded as singing. The frequencies of  sampling 
intervals in which a given number of  males were 
singing simultaneously is shown in Fig. 3. The ob- 
served frequencies at which different numbers of  
males sang simultaneously did not differ signifi- 
cantly from the frequencies expected by chance if 
each male sings independently of  others in the 
group (X2=4.05, P=0 .54 ,  df=5) .  We conclude, 
therefore, that the males within the central cluster 
timed the emission of  their songs at random. How- 
ever, it should be noted that during all sampling 
intervals there were never fewer than two of the 
seven central males singing at the same time. Thus, 
when singing alone, even the most persistent sig- 
naler (which sang in 91% of all sampling intervals) 
could not match the combined output of  the cen- 
tral cluster of  seven males. 

Female choice 

Out of  a total of  108 females that were recaptured 
on cages in which males were singing, 90 (83.3%) 
were attracted to one of  the closest singing males 
(i.e., at a distance of  4.6 m from the release point 
of  the female). The furthest distance travelled by 

Table 1. Observed and expected number of females choosing 
equidistant males ranked according to morphological and song 
characters 

Character No. of Observed (expected) P 
corn- number of females 
pari- choosing male 
sons 

Rank 1 Rank 2 Rank 3 

Body weight 81 44 31 6 0.02 
(34.7) (34.7) (11.7) 

Pronotum length 69 35 23 11 0.20 
(30) (30) (9) 

Femur length 60 22 30 8 0.52 
(25.7) (25.7) (8.7) 

Mirror diameter 69 34 28 7 0.55 
(30) (30) (9) 

Song frequency 62 29 26 7 0.91 
(27.7) (27.7) (6.7) 

Peak SPL of song 49 22 21 6 0.97 
(21.7) (21.7) (5.7) 

Singing activity 81 60 18 3 0.0001 
(34.7) (34.7) (11.7) 

a female to a singing male was 12.3 m, bypassing 
one other male on the way. 

For  those females attracted to one of  the closest 
males, we compared several characteristics of  the 
successful male with those of  the equidistant un- 
successful males. The males equidistant from each 
female's release point were ranked according to 
the following criteria: body weight, pronotum 
length, femur length, mean diameter of  the sound- 
producing mirror, fundamental frequency of  song, 
sound pressure level of  song, and overall singing 
activity during the period when the female was 
making a choice. The male with the highest value 
of each character was ranked as 1, and the male 
with the lowest value was ranked 2 or 3 (depending 
on whether there were 2 or 3 males equidistant 
from the female's release point). Since we do not 
have complete data on all males, a maximum of 
81 comparisons were possible. The number of  fe- 
males attracted to males of  given character rank 
is shown in Table 1, along with the numbers ex- 
pected by chance if females are attracted to one 
of  the equidistant males at random with respect 
to male characters. The only significant departures 
from random were male weight and male singing 
activity. Seventy-four percent of  all females at- 
tracted to one of  the closest males chose the male 
with the highest singing activity ( P <  0.0001), and 
54% chose the heaviest male (P<0.05).  The hea- 
viest males were most likely to be successful only 
because body weight and singing activity are highly 



Table 2, Total number of females attracted to central and outer 
males (both experimental series combined) 

Number of females attracted to: 

Central males Edge males 

Experiment 1 21 33 
(central males spaced) 

Experiment 2 10 44 
(central males clumped) 

Z2=6.07, P=0.1,  df  = 3 

correlated (see preceding section). This explanation 
is supported by 20 comparisons in which the most 
active singer was not the heaviest male: In 19 of 
these cases the most active singer was chosen. 

Further evidence of the importance of male 
singing activity comes from an analysis of those 
cases in which females did not choose one of the 
closest males. In 12 out of  18 cases, the female 
by-passed a male that did not sing at all during 
the period when the female was moving ( N =  8), 
or that sang very little (less than 30% of all obser- 
vations, N--4).  Only six females passed by males 
that were singing persistently (during 80-100% of 
all observations). 

Male success in relation to spatial dispersion 

In this section we compare the relative success of 
the central and outer groups of males in both ex- 
periments. The combined results from both experi- 
mental series show that when all males were evenly 
distributed (Experiment 1), the central group of 
seven males attracted 38.8% of all females released 
during the experiment. When these central males 
were clumped (Experiment 2), they attracted only 
18.5% of females. Although the central males had 
less success when clumped than when evenly dis- 
tributed, the difference was not significant (P = 0.1, 
Table 2). This was due to the fact that the outer 
group of 12 females (release points 1-12) were con- 
sistently attracted to one of the outermost males, 
and the inner group of 6 females (release points 
31-36) were consistently attracted to one of the 
centrally situated males in both experimental ar- 
rangements of males. Only the choices made by 
females in intermediate positions (release points 
13-30) differed between the two experiments. 
When only this group of females is considered, 
41.7% chose one of the central males in Experi- 
ment 1 (when they were evenly distributed), but 
only 11.1% chose a central male in Experiment 2 
(when they were clumped). We conclude, therefore, 

Table 3. Number of females released from intermediate posi- 
tions (13-30) attracted to central and outer males (both experi- 
mental series combined) 

Number of females attrac- 
ted to : 

Central males Edge males 

Experiment 1 15 21 
(central males spaced) 

Experiment 2 4 32 
(central males clumped) 

Z2= 11.96, P=0.0075, df=3 

that clumping significantly reduced the ability of 
the central group of males to attract females from 
intermediate positions (Table 3, P =  0.007). 

Discussion 

In the present study, we tested the effect of  male 
spatial dispersion in T. viridissima on the ability 
of signalling males to attract females. The results 
show that males were less successful in attracting 
females when aggregated than when evenly distrib- 
uted. This effect was primarily caused by the strong 
tendency of females to be attracted to the closest 
signaling male. Under  these conditions, a male ad- 
vertising to attract females will maximize his "zone 
of attraction" when spaced out as far apart as 
possible from his competitors. Thus, the only sta- 
ble dispersion of signalling males will be one in 
which males are evenly spaced within the habitat: 
Any male who deviates from this pattern will be 
penalized by reduced mating success. 

Alexander's (1975) hypothesis that females 
prefer to mate only where males are clustered in 
space, allowing maximum opportunity for mate 
choice, is not supported by the results of  this study. 
Moreover, female T. viridissima showed little evi- 
dence of active sampling of several potential mates. 
On occasions when we observed female phonotax- 
is, the movements of females were nearly always 
unidirectional and apparently aimed at a particular 
signaler. Only six females (5.5%) by-passed a male 
that was actively singing at the time. The striking 
tendency of females to choose one of the nearest 
males is unlikely to be due to their inability to 
detect more distant signalers. Rheinlander and 
R6mer (1986) and Arak and Eiriksson (submitted) 
have shown that females can detect male song from 
a distance of 40.60 m in a grassland habitat when 
the sound source is elevated above the surrounding 
vegetation. We conclude from this that all the 



caged males in our experiments were placed well 
within the hearing range of females. However, sig- 
nals produced by the closest males suffer less atten- 
uation, acoustical interference, and environmental 
degradation than signals emitted by more distant 
singers. Directional cues contained in the high fre- 
quency components of the song are also better pre- 
served. Thus, closer males transmit their songs to 
the female with less ambiguity, facilitating species- 
specific pattern recognition and more accurate 
source location. Whatever the mechanism respon- 
sible, it can be argued from a functional point of 
view, that there may be an adaptive advantage of 
choosing the closest signaler if there are significant 
costs of movement for females (Searcy and Anders- 
son 1986). Such costs might include an increased 
risk of predation due to conspicuous movements 
of the female during phonotaxis. 

Otte (1974) and Alexander (1975) suggested 
that larger choruses might attract proportionally 
more females due to combining signalling effort 
and thus promote male aggression (but see Brad- 
bury 1981 for objections). However, the need to 
preserve the species-specific temporal pattern of 
signals might mitigate against any potential advan- 
tages of communal signalling in T. viridissima. 
Since males produce long trills that overlap almost 
entirely when signalling together, important tem- 
poral features of the signal such as rate of ampli- 
tude modulation, pulse shape, and pulse duration 
will become obscured within the combined signal. 
Hence, any increase in signal amplitude or total 
broadcasting time experienced by the aggregate 
of males may be insufficient to counter the effect 
of increased signal ambiguity. This explanation is 
supported by experimental work on another bush- 
cricket, Conocephalus nigropleururn, with a similar 
amplitude-modulated song (Morris etal. 1978). 
When females were offered a choice between the 
combined, hence louder, sound output of a 
"group" of two males and the simultaneous 
broadcast of  a single male's song, they significantly 
preferred the combined song. However, in another 
experiment, females received the combined two- 
male song at the same power as that of the single 
male song, simulating our experimental situation 
in which the female is closer to the single male 
than to the group. In this case, females strongly 
preferred the single male song over that of the 
group, suggesting that the least ambiguous signal 
is more attractive when presented at the same am- 
plitude as the combined song. 

Most females were attracted to one of the clo- 
sest signalling males. Among these females, the 
majority showed a preference for the most active 

signaler. It is tempting to suggest that this prefer- 
ence has evolved by sexual selection. The most ac- 
tive signalers were among the heaviest males, and 
our laboratory studies have shown that there is 
a strong correlation between male body weight and 
spermatophore weight in this species (r = 0.81, P < 
0.001, N =  17). Further, Gwynne (1984, 1988) has 
demonstrated that the spermatophore of the bush- 
cricket, Requena verticalis, which is consumed by 
the female after mating, causes a significant in- 
crease in the number and size of eggs laid by fe- 
males and in the hatching success of offspring. The 
advantage to females of obtaining large spermato- 
phores, though not universal among bushcrickets 
(Wedell and Arak 1989), may provide an adaptive 
basis for female discrimination between males ob- 
served in T. viridissima and other species (Gwynne 
1982). 

The results presented here differ with the find- 
ings of some previous studies. Studies on the 
prairie chicken leks (Hamerstrom and Hamer- 
strom 1960), frog choruses (Ryan etal. 1981), 
singing groups of cicadas (Doolan 1981), and 
grasshoppers (Shelly and Greenfield 1985) have all 
shown that larger aggregations of males attract 
more females per male than do smaller aggrega- 
tions. However, Cade (1981) found that there was 
no significant difference between the number of 
females attracted to songs of male field crickets, 
Gryllus integer, broadcast through single, isolated 
loudspeaker and the mean numbers attracted to 
loudspeakers arranged in aggregations. He con- 
cluded that although males are aggregated in the 
field, this cannot be explained by female preference 
for aggregated males. As far as we know, our study 
is the first to demonstrate a negative effect of ag- 
gregation on the ability of males to attract females. 
Because our results were obtained in a controlled, 
experimental situation, we can be sure that this 
effect was not due to differences in the local densi- 
ties of females. 

Although we do not rule out the possibility 
of female preference for aggregated males on a 
larger scale (i.e., females choosing between differ- 
ent clumps of males), the only studies to date that 
support such an effect are confounded by alterna- 
tive explanations. For example, in the desert grass- 
hopper, Ligurotettix coquilletti, males clump on 
dispersed creosote bushes (Larrea tridentata), their 
host foodplant, and females congregate on those 
bushes that contain relatively low amounts of plant 
secondary compounds (Greenfield & Shelly 1985). 
In an elegant experiment, Shelly etal. (1987) 
showed that females whose chemosensory organs 
had been removed settled on bushes indiscrimina- 



tely. Thus, variability among bushes in their plant 
chemistry alone appears to be sufficient to promote 
clustering of females on cresote bushes. However, 
additional observations suggest that females were 
less likely to leave bushes between successive days 
if groups of signalling males were present, suggest- 
ing that male epigamic displays may play some 
part in influencing female dispersion as well. In 
the tungara frog. Physalaemus pustulosus, larger 
choruses of  males attract proportionally more fe- 
males than do smaller choruses (Ryan et al. /981). 
Although females do prefer certain males in this 
species (Ryan 1985), it is by no means certain that 
females prefer larger groups in order to facilitate 
mate choice. The effect could come about because 
individuals in larger groups are relatively safer 
from predators that are known to specialize on 
frogs. 

In conclusion, we failed to find any evidence 
for signal enhancement by communal display in 
T. viridissima or for female preference for clustered 
males within artificial choruses. The results of  this 
study suggest that the optimal spacing pattern is 
one in which signalling males are evenly dispersed 
within preferred habitats. This is precisely the dis- 
tribution that is observed in nature for male T. 
viridissima, and, indeed, many other acoustically 
advertising animals. Although several authors 
have suggested that signaling males may benefit 
by maintaining a distance from their competitors, 
this is the first experimental demonstration that 
supports this suggestion. 

Acknowledgements. We thank Olof Leimar, Boel Rec~n, Jere- 
mey Robertsson, Nina Wedell, and Kajsa (}hman for field assis- 
tance. This study was supported by a grant from the Swedish 
Natural Science Research Council (NFR) to A.A. and T.R. 

References 
Alexander RD (1975) Natural selection and specialized chorus- 

ing behavior in acoustical insects. In: Insects, Science, and 
Society, ed. D. Pimentel, pp. 35-77, Academic Press, New 
York 

Arak A (1983) Vocal interaction, call matching and territoria- 
lity in a Sri Lankan treefrog, Philautus leucorhinus (Rhaco- 
phoridae). Anim Behav 31:29~302 

Bailey WJ, Thiele DR (1983) Male spacing behavior in the 
tettigonidae: an experimental approach. In: Orthopteran 
Mating Systems, eds. D.T. Gwynne and G.K. Morris, 
pp. 163-184. Westview Press, Boulder, Colorado 

Bradbury JW (1981) The evolution of leks. In: Natural Selec- 
tion and Social Behavior: Recent Research and New 
Theory, eds. R.D. Alexander and D.W. Tinkle, pp. 138-169. 
Chiron Press, New York 

Bradbury JW, Gibson RM (/983) Leks and mate choice. In: 
Mate Choice, ed. P. Bateson, pp. 109-138. Cambridge Uni- 
versity Press: Cambridge, UK 

Cade WH (1981) Field cricket spacing, and the phonotaxis of 
crickets and parasitoid flies to clumped and isolated cricket 
song. Z Tierpsychol 55:365-375 

Doolan JM (/981) Male spacing and the influence of female 
courtship behaviour in the bladder cicada, Cystosoma saun- 
dersii Westwood. Behav Ecol Sociobiol 9:269-276 

Greenfield MD, Shelly TE (1985) Alternative mating strategies 
in a desert grasshopper: evidence of density-dependence. 
Anim Behav 33:1192-1210 

Gwynne DT (1982) Mate selection by female katydids (Orthop- 
tera: Tettigonidae, Conocephalus nigropleurum). Anim Be- 
hav 30:714-738 

Gwynne DT (1984) Courtship feeding increases female repro- 
ductive success in bushcrickets. Nature 307:361-363 

Gwynne DT (/988) Courtship feeding and the fitness of mate 
katydids (Orthoptera: Tettigonidae). Evolution 42: 545-555 

Hamerstrom F, Hamerstrom F (1960) Comparability of some 
social displays of grouse. In: Proceedings of the 12th Inter- 
national Ornithological Congress, 1958, pp. 274-293 

Morris GK, Kerr GE, Fullard JH (1978) Phonotactic prefer- 
ences of female meadow katydids (Orthoptera: Tettigoni- 
dae: Conocephalus nigropleurum). Can J Zool 56:1479-1487 

Otte D (1974) Effects and functions in the evolution of signaling 
systems. Ann Rev Ecol Syst 5:385-417 

Rheinlaender J, R6mer H (1986) Insect hearing in the field 
I. The use of identified nerve cells as 'biological micro- 
phones'. J Comp Physiol A 158:647-651 

Robertson JGM (1984) Acoustic spacing by breeding males 
of Uperoleia rugosa (Anura: Leptodactylidae) Z Tierpsychol 
64: 283-297 

Ryan MJ, Tuttle MD, Taft LK (1981) The costs and benefits 
of frog chorusing behavior. Behav Ecol Sociobiol 8:273-278 

Ryan MJ (1985) The Tungura Frog. Univ. Chicago Press. 
290 pp. Chicago 

Schatral A, Latimer W, Broughton B (1984) Spatial dispersion 
and agonistic contacts of male bush crickets in the biotope. 
Z Tierpsychol 65: 201-214 

Searcy WA, Andersson M (1986) Sexual selection and the evo- 
lution of song. Ann Rev Ecol Syst 17:507-533 

Shelly TE, Greenfield MD (1985) Alternative mating strategies 
in a desert grasshopper: a transitional analysis. Anita Behav 
33 : 1211-1222 

Shelly TE, Greenfield MD, Downum KR (1987) Variation in 
host plant quality: Influences on the mating system of a 
desert grasshopper. Anim Behav 35 : 1200-1209 

Wedell N, Arak A (J989) The wartbiter spermatophore and 
its effect on female reproductive output (Orthoptera: Tetti- 
gonidae, Decticus verrucivorus). Behav Ecol Sociobiol 
24:117-126 

Wells KD (1977) The social behaviour of anuran amphibians. 
Anim Behav 25 : 666-693 


