
INTRODUCTION

Animals adopt various alternative tactics in their repro-

ductive behaviour (Gross, 1996; Oliveira et al., 2008). In

butterflies, the males of various species use alternative

strategies for locating mates, which are classified as

patrolling and perching (Scott, 1974; Dennis & Shreeve,

1988; Wiklund, 2003). Patrolling involves the active

search for receptive females over a wide area, whereas

perching involves sitting-and-waiting for females. During

perching, males are stationary and wait for a passing

female. This tactic includes territorial behaviour, lekking

and hill-topping. In some butterflies, one individual can

perform both types of behaviour and can alternate

between the two depending on the conditions (Shreeve,

1992). Ide & Kondoh (2000) used a game model of the

sexes to investigate the conditions affecting the switching

between mate-locating tactics. Their model predicted that

a particular tactic is favoured when its costs are lower and

its searching efficiency is higher compared to the other

tactic (Ide & Kondoh, 2000). Various factors appear to

affect the switching of mate-locating tactics, such as

meteorological conditions (Wickman, 1985, 1988), abun-

dance and behaviour of receptive females (Dennis & Wil-

liams, 1987; Ide, 2004) and abundance of rival males

(Alcock & O’Neill, 1986; Peixoto & Benson, 2009).

However, most previous studies examine factors affecting

either the cost or the searching efficiency of the two tac-

tics, whereas few studies simultaneously evaluate both

factors.

The activity level of insects depends on body tempera-

ture (Heinrich, 1993), which is greatly affected by abiotic

environmental factors; in turn, mate-locating behaviour is

also influenced by the thermal environment (e.g.,

Larsson, 1991; Willmer, 1991; Rutowski et al., 1994;

Kemp & Rutowski 2001; Ide, 2002). Flight of butterflies

is highly constrained by temperature and they can spend

more time in flight at high ambient temperatures (Hein-

rich, 1986). Therefore, it is predicted, on the basis of

costs, that male butterflies are likely to favour a perching

strategy at low temperatures and a patrolling strategy at

high temperatures (e.g., Wickman, 1985, 1988). How-

ever, female butterflies are also affected by ambient tem-

peratures. Perching males more frequently encounter

females when they actively move around (Reynolds,

2006). If males perch when the temperature is low mating

would rarely occur if the flight activity of females is, as in

males, low under those conditions. At low temperatures,

therefore, males are predicted to encounter more females

by patrolling than by perching. Thus, in terms of

searching efficiency, it is likely that the mate-locating tac-

tics of males correspond to the activity patterns of

females.

Males of the purple-edged copper butterfly Lycaena

hippothoe L. both patrol and perch and the time they

spend patrolling increases when the weather is calm and

warm (Fischer & Fiedler, 2001). However, these authors

did not measure the body temperatures of the butterflies

or examine the effects of the temporal activity patterns of

female butterflies on male behaviour; therefore, the eco-

logical processes underlying the relationship between

mate-locating behaviour and weather conditions, or

female behaviour, remain unclear.

In the related species L. phlaeas daimio Seitz, males are

recorded as only perching when seeking females (Suzuki,

1976; Fukuda et al., 1984), but a preliminary study

revealed that they also switch between perching and

patrolling (J.-Y. Ide, pers. observ.). Here, whether the
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mate-locating behaviour of male L. phlaeas is determined

by male thermoregulation (i.e., the cost of each tactic) or

by female activity patterns (i.e., the searching efficiency

of each tactic) was studied. First, the diurnal patterns of

patrolling and perching as well as the meteorological fac-

tors affecting these patterns were investigated. Next, the

patterns in the male mate-locating tactics and female

activity were compared. Finally, the body temperatures of

male butterflies were measured in order to verify that

thermoregulation affected the choice of mate-locating tac-

tics.

MATERIAL AND METHODS

Study species and site

The small copper butterfly L. phlaeas daimio (Lepidoptera:

Lycaenidae) is a Japanese subspecies of a widespread

Palaearctic butterfly L. phlaeas L. and is the only species of

Lycaena in Japan (Fukuda et al., 1984). This species inhabits

grasslands, and its larval host plants are Rumex acetosa L. and

R. japonicus Houtt. Field investigations were conducted in a

small meadow (0.2 ha) along the banks of the Iwakura-gawa

River in Kyoto, central Japan (135°47´E, 35°3´N, 100 m above

sea level) from 2004 to 2008. Throughout this area, host plants

and nectar resources were distributed almost uniformly and the

height of the herbaceous vegetation varied between approxi-

mately 70 and 90 cm. Adults of L. phlaeas are present from

April to November and there are several generations each year

at this site. The study site was maintained as grassland by

mowing once a year in August.

Patrolling

To determine the conditions under which males patrol, their

diurnal activity patterns of patrolling were recorded on 7, 8, 12

and 15 May 2008. Butterflies fly for a variety of reasons; there-

fore, a flying butterfly was considered to be patrolling for mates

if it visited a model of L. phlaeas. Ping-pong balls (40 mm

diameter) painted orange were used as models. A green square

net (side = 150 cm) was spread out in the meadow, and two

orange and two white (controls) ping-pong balls were placed in

the centre of the net at the corners of a 50-cm square. The same

coloured balls were placed in diagonally opposite corners of the

square (Fig. 1a). This square plot was placed randomly in sunny

areas at the study site and its positions changed each day. When

a L. phlaeas individual visited the models, the time and colour

of the ball were recorded, and if possible the butterfly was

caught. Captured butterflies were sexed and released immedi-

ately. When a butterfly visited both the orange and white col-

oured balls the colour of the ball visited first was recorded.

When a butterfly flew over the green net but did not visit any of

the balls, the sex of the butterfly was also determined (Fig. 1b).

During the field study (0700 to 1700 h), air temperature, light

intensity, relative humidity and wind velocity were recorded

every 15 min. Relative humidity readings were converted to

vapour pressure deficit (VPD) using equations in Lowe (1977).

Perching

A sitting male butterfly was considered to be perching if it

exhibited chasing flight upon encountering individuals. Between

April and July in 2004 to 2008, the continuous focal sampling

method (Martin & Bateson, 1986) was used to determine the

conditions under which males perform the perching tactic. Male

butterflies were captured using a soft insect net, marked with a

number on the undersurface of both hind wings using a felt-

tipped pen and then released. The following day any marked

individual encountered was followed until lost. When an insect

came within a radius of 50 cm of the focal butterfly it was con-

sidered to have passed the focal butterfly. The species of the

passing insect and whether the focal butterfly chased it were

recorded. Air temperature, light intensity, relative humidity and

wind velocity were recorded every 15 min. These observations

took place between 0700 and 1700 h on non-rainy days. Only

data for focal butterflies that could be followed for more than 10

min were used in the analyses. A total of 50 individuals were

observed for a total of approximately 70 h.

Flight activity patterns of females

The diurnal flight activity pattern of female butterflies was

determined for comparison with those of perching and patrolling

males. Continuous focal sampling of female butterflies was also

conducted as described above. All activities of focal individuals

were recorded on an IC recorder. A total of 36 individuals were

observed for a total of approximately 72.5 h.
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Fig. 1. Method used to study the patrolling by males of Lycaena phlaeas. (a) Placement of models. (b) Typical flight paths of L.

phlaeas.



Body temperature

During the flight season of L. phlaeas in 2004 to 2008, the

thoracic temperature of male butterflies was measured using a

portable digital thermometer (Model TX1002, Yokogawa Elec-

tric Works Ltd.) fitted with a hypodermic thermocouple probe

(0.2 mm diameter). After locating a male butterfly and

recording its behaviour, it was caught with an insect net, imme-

diately held with its wings closed over its back and the probe

inserted into the centre of its thorax from the ventral side. The

time from capture to measurement of the temperature never

exceeded 10 s.

Male behaviour was classified as either: patrolling, perching

or other. A male was considered to be patrolling if it flew a long

distance and perching if it quickly flew towards an approaching

flying insect. After measuring the thoracic temperature, the but-

terfly was released. Air temperature, light intensity, relative

humidity and wind velocity at the site were measured immedi-

ately after a butterfly’s temperature was measured.

Statistical analyses

Statistical analyses were conducted using R version 2.8.1 (R

Development Core Team, 2008).

Patrolling

The orange colour of the L. phlaeas models may also attract

butterflies searching for nectar. If L. phlaeas sometimes mis-

takes orange balls for flowers, they would also mistake balls of

other colours for flowers. As the white flowers of clover, Trifo-

lium repens L., were the main source of nectar for L. phlaeas in

the meadow, the expectation was that they would visit white

balls as frequently or more frequently than orange balls and if

they did not mistake ping-pong balls for flowers they would not

visit white balls. Thus, binomial tests were used to examine

whether butterflies visited orange balls more frequently than

white balls. If the visits to orange balls resulted from butterflies

mistaking the balls for conspecifics, then the majority of orange-

ball visitors would be males. Fisher’s exact probability tests

were used to test whether the male ratio of orange-ball visitors

was higher than that of white-ball visitors and of passing indi-

viduals.

To evaluate the factors affecting the number of butterflies vis-

iting orange balls, a generalised linear mixed model (GLMM)

with a Poisson error structure and a log link function was used.

The dependent variable was the number of butterflies visiting

orange balls; time of day, air temperature, light intensity, VPD

and wind velocity were the independent variables. Since this

experiment was conducted just after the peak of the flight

season of the first generation of the year, daily total number of

L. phlaeas observed declined day by day. To control for effects

due to the changes in daily population size, sampling date was

included in the model as a random factor. Model selection was

performed using Akaike’s information criterion (AIC) in a back-

ward elimination procedure.

Perching

To determine the factors affecting whether male butterflies

chased passing insects a GLMM with a binomial error structure

and a logit link function was used. The dependent variable was

whether a focal male chased each passing insect (chased = 1, did

not chase = 0); time of day, air temperature, light intensity, VPD

and wind velocity were the independent variables, and the focal

male was a random factor. Model selection was performed using

AIC in a backward elimination procedure.

Flight activity patterns of females

To evaluate the factors affecting the flight activity of female

butterflies a GLMM with a binomial error structure and a logit

link function was used. Focal sampling (continuous recording)

data were divided into 15-min units of observation, and the pro-

portion of time spent in flight by a focal female during each unit

was calculated. When the units of observation were shorter than

10 min, the data point was not included in the analysis. Because

the units of observation obtained from a focal sampling data set

were not independent, the focal sampling data set (i.e., the focal

individual) was included in the model as a random factor to con-

trol for effects due to non-independence. The dependent vari-

able was the proportion of time spent flying by a focal female;

time of day, air temperature, light intensity, VPD and wind

velocity were the independent variables. Model selection was

performed using AIC in a backward elimination procedure.

Body temperature

A general linear model was used to evaluate the factors

affecting thoracic temperature. The dependent variable was tho-

racic temperature of male butterflies classified by behaviour; air

temperature, light intensity, VPD and wind velocity were the

independent variables. Model selection was performed using

AIC in a backward elimination procedure. An analysis of

covariance (ANCOVA) was used to test for differences in the

thoracic temperatures of the males that patrolled, perched, or

indulged in other types of behaviour, with air temperature and

light intensity as covariates.

RESULTS

Patrolling

A total of 381 L. phlaeas visited orange models but

only seven visited white models (binomial test, P < 0.001;

Table 1). Except for one individual, all orange-model

visitors, whose sex was determined, were males. The

male ratio of orange-model visitors was significantly

higher than that of white-model visitors and passing indi-

viduals (Table 1). Therefore, most orange-model visitors

were assumed to be patrolling.

0.3641138Passed

0.60057White

0.994174381Orange

Male ratio
No. butterflies

sexed

No. butterflies

observed
Model

TABLE 1. The number and male ratio of Lycaena phlaeas

daimio that visited each model or passed over the models.

The number of L. phlaeas visiting orange models

increased around noon, but the diurnal patterns varied

greatly between days (Fig. 2). Light intensity and time of

day were included as explanatory variables by model

selection (Table 2). In particular, the estimated coefficient

for light intensity was significant and positive, indicating

that male L. phlaeas patrolled when it was sunny.

Perching

A total of 508 insects flew by the focal males (83 con-

specifics, 425 individuals of other species). When the

insect was a conspecific the male almost always chased

the passing insect regardless of time of day (Fig. 3). No

independent variable was included as a factor affecting

whether a male chased a passing conspecific individual

(Table 3). When other species passed, males also often

chased the passing insect (Fig. 3). However, the fre-
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quency of the chasing reaction to passing other species

was lower than that to passing conspecifics (Fisher’s

exact probability test, P < 0.001), especially early in the

morning. Light intensity, VPD and time of day were

selected as factors affecting whether a male chased other

species (Table 3). The coefficients for light intensity and

VPD were significant and positive (the coefficient for

time of day was not significant), indicating that males of

L. phlaeas frequently chased passing heterospecifics

when it was sunny and the humidity was low.

Flight activity patterns of females

Female flight activity was low throughout the day with

the time spent in flight 2.1 ± 0.3% of the total time

observed (N = 287). Flight activity varied with the time of

day, very low in the early morning and rapidly increasing

to a maximum at 1000 h, followed by a decline

throughout the rest of the day (Fig. 4). The proportion of

time spent flying by a female depended on light intensity,

indicating that female flight activity increased when it

was sunny; however, the coefficient for light intensity

was not significant (coefficient ± SE = 1.721 × 10–5 ±

1.177 × 10–5, z = 1.461, P = 0.144).

Body temperature

Air temperature and light intensity were selected as fac-

tors affecting the thoracic temperature of male L. phlaeas,

regardless of their behaviour (Table 4). These results

indicate that thoracic temperature increased with air tem-

perature and solar radiation.

The thoracic temperature of males depended on their

mate-locating behaviour under conditions of low air tem-

perature and low solar radiation, and significant interac-

tions were detected between behaviour and both air tem-

perature and light intensity (ANCOVA; Fig. 5, Table 5).

Under low air temperature and low solar radiation,

perching males had the highest thoracic temperature, fol-

lowed by patrolling males, while males engaged in other

behaviour had the lowest thoracic temperatures.

DISCUSSION

Males of L. phlaeas exhibited patrolling and perching

under different weather conditions. The number of patrol-

ling individuals was greatly affected by weather, with

most patrolling when it was sunny (Fig. 2, Table 2). In

contrast, perching occurred throughout the day, including

early morning and late afternoon, when patrolling was not

observed (Fig. 3). The flight activity of females was not

consistent with the daily patterns of male perching, but

increased slightly at high light intensities, similar to the

patrolling by males. These results conflict with the pre-

diction that males would patrol when females did not fly,

i.e., the hypothesis that the alternative tactics of male L.

phlaeas have been selected to efficiently encounter
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0.219–1.2300.138–0.17016

0.057  1.9040.148  0.28115

0.107–1.6130.154–0.24814

0.179–1.3440.174–0.23413

0.212  1.2490.219  0.27412

< 0.001–4.1790.266–1.11011

0.225–1.2140.325–0.39410

< 0.001–3.7770.445–1.679  9

0.729  0.3460.354  0.122  8

Time of day

< 0.0014.2603.359 × 10–61.431 × 10–5Light intensity

0.104–1.6240.4717–0.766Intercept

PzSECoefficientVariable

TABLE 2. Summary of GLMM model selection of the factors

determining the number of butterflies visiting orange models.

Fig. 2. Diurnal changes in light intensity and the number of

Lycaena phlaeas visiting orange models each 15 min from 07 to

17 hr on 7th, 8th, 12th and 15th May.



females by adapting their activity patterns to female

behaviour.

That each tactic is associated with different environ-

mental conditions can be accounted for in part by the

need for thermoregulation in males. For flight butterflies

often require a body temperature higher than ambient air

temperature (Watt, 1968; Shelly & Ludwig, 1985;

Ohsaki, 1986; Srygley, 1994; Ide, 2002). Because both

the mate-locating tactics of L. phlaeas males involve

active flight it is likely that when L. phlaeas males are

seeking mates they need to maintain a high body tempera-

ture. This hypothesis is supported by the fact that the tho-

racic temperatures of both patrolling and perching males

were higher than those of males engaging in other behav-

iour, such as feeding and resting. However, when the

body temperatures of perching and patrolling males of L.

phlaeas were compared, patrolling males had lower tho-

racic temperatures when conditions were cool (Fig. 5).

The body temperature of butterflies declines during flight

via convective cooling (Tsuji et al., 1986; Wickman,

1988). For example, in the speckled wood butterfly

Pararge aegeria L., patrolling butterflies lose heat more

easily than perching ones, because patrolling individuals

fly for longer periods (Van Dyck & Matthysen, 1998).

Therefore, the difference in body temperature between

tactics may be caused by the decrease in body tempera-

ture of males while patrolling. Many butterfly species

raise their body temperature by basking, which enables

them to fly (Clench, 1966; Kingsolver, 1983; Heinrich,

1986; Pivnick & McNeil, 1986; Dreisig, 1995; Ide,

2000). Therefore, light intensity is sometimes a limiting

factor for butterfly flight (Guppy, 1986; Pivnick &

McNeil, 1987; Roland, 2006). Patrolling by L. phlaeas

was observed under higher light intensity than perching,

suggesting that light intensity was indeed a limiting factor

for patrolling and that the threshold was substantially
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0.729  0.3460.8920.30916

0.753  0.3153.1230.98315

0.951–0.0618.733–0.53414

0.986–0.01719.33–0.33713

0.954  0.05835.562.05312

0.938–0.07855.71–4.32611

0.955  0.05675.044.20110

0.945–0.06986.43–6.003  9

0.949–0.06582.005.294  8

Time of day

<0.001  3.6830.2680.988
Vapour pres-

sure deficit

0.014  2.456
6.339

× 10–6

1.557

× 10–5

Light

intensity

0.790–0.26716.56–4.421InterceptOther species

<0.001  3.3490.8012.681InterceptConspecifics

PzSECoefficientVariablePassing insect

TABLE 3. Summary of GLMM model selection of the factors

determining the number of males indulging in chasing flights.

< 0.00110.505.414 × 10–65.686 × 10–5Light intensity

< 0.00121.500.0370.806Air temperature

< 0.00111.110.8329.237Intercept

Others

< 0.001  4.3146.375 × 10–62.750 × 10–5Light intensity

< 0.00113.8580.0410.575Air temperature

< 0.00117.9301.02218.32Intercept

Perching

  0.18–1.3790.486–0.670Wind velocity

< 0.0015.9556.990 × 10–64.162 × 10–5Light intensity

< 0.0018.9430.0710.631Air temperature

< 0.0019.6641.53814.86Intercept

Patrolling

PtSECoefficientVariables

TABLE 4. Summary of model selection in the general linear

model of the factors determining thoracic temperature.

Fig. 3. Diurnal changes in the percentage of Lycaena phlaeas

males that chased passing conspecifics or other insect species.

Means (± SE) of chasing rate of males are shown.

Fig. 4. Diurnal changes in the percentage of time spent flying

by Lycaena phlaeas females (mean ± SE). Mean sample size (±

SD) for each value was 28.7 ± 5.9.



higher than that for simple flight because body tempera-

ture decreases during patrolling.

Male L. phlaeas spend at most 5% of their time in flight

(J.-Y. Ide, unpubl. data), which indicates they do not

patrol for long periods of time. Between intervals of

patrolling, males perched, and as a result, perching was

observed throughout the day. Therefore, patrolling may

be used in combination with perching, as in L. hippothoe

(Fischer & Fiedler, 2001). Maintaining body temperature

at a suitable level may be easier for perching males as

they only fly for short periods and they can bask while

waiting for mates. Moreover, males incur almost no costs

by not taking off, which may be why they perch even if

few females fly when temperatures are low. However,

even if males can perch at any time and so maintain their

body temperature, the cost of chasing increases when air

temperature declines. In fact, the take-off performance of

butterflies declines when it is cool (Berwaerts & Van

Dyck, 2004). At low light intensities, the chasing reaction

to passing heterospecifics was minimal (Fig. 3, Table 3),

which possibly reflects the high costs of chasing when it

is difficult to maintain a high body temperature. Males

may avoid the costly task of taking off until they ascertain

that a flying insect is a conspecific.

Perching increased when it was dry. One interpretation

of this is that low humidity improves the flight efficiency

of L. phlaeas males. The relationship between insect

flight and humidity has not been thoroughly examined,

but several studies report that the flight activity of insects

increases when it is dry (McGiffen & Meyer, 1986;

Zhang & Shipp, 1998; Shipp & Zhang, 1999). High

humidity might be unsuitable for butterfly flight because

the wings absorb water and become heavier or due to the

increased viscosity of the air. Further study is necessary

to clarify the mechanisms underlying the increase in flight

activity of butterflies when it is dry. Another possibility is

that L. phlaeas males chose dryer spots to perch while

waiting for mates. However, males almost always

perched at the top of a blade of grass, and the height of

the site did not differ regardless of whether they chased

passing individuals or not (J.-Y. Ide, unpubl. data).

Therefore, it is unlikely that the males perch at dry sites

only when they were waiting for mates.

The results presented here beg the question: Why is the

mate-locating behaviour of L. phlaeas males affected by

thermoregulation and not by the activity patterns of

females? One reason may be the low predictability of the

spatial distribution of sexually receptive females. Females

of many butterfly species mate immediately after emer-

gence; thus, the possibility that receptive females will be

found close to where they emerge (in most cases, around

host plants) is high (Rutowski, 1991). Male butterflies

can save energy if they only search for mates around host

plants. Therefore, if the predictability of the distribution

of receptive females is high, males may benefit by

adapting their mate-locating behaviour to the temporal

behavioural patterns of females as it is likely to increase

their efficiency in searching for receptive mates. For

example, the small cabbage white butterfly, Pieris rapae

crucivora Boisduval, emerges in the early morning, and

males patrol around host plants when the receptive

females are emerging from pupation sites under the dense

leaves of host plants (Hirota et al., 2001). Although it is

cool in the early morning, and males have difficulty

flying at this time (Hirota & Obara, 2000), the costs for

the males may not be very high as they do not need to

search an extensive area. In contrast, female L. phlaeas

copulate 2–4 days after emergence (Suzuki, 1978;

Watanabe & Nishimura, 2001). Female dispersal after

emergence reduces the predictability of the distribution of

receptive females; thus, males must fly greater distances

to find females. As a result, the cost of patrolling

increases. In this case, the patrolling may not be cost

effective, even if males encounter more receptive females

than when perching.

In addition, the operational sex ratio of L. phlaeas is

always skewed notably toward males because a female

mates only once in its lifetime (Watanabe & Nishimura,

2001). This may be another reason that the mate-locating

behaviour of L. phlaeas males is not affected by female

activity patterns. Members of the more numerous sex
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Fig. 5. Thoracic temperature of Lycaena phlaeas males that

had just either been patrolling, perching or involved in other

behaviour. Air temperature is shown on the x-axis. Fitted lines

were estimated by linear regression of thoracic temperature on

air temperature.

2714.40Residuals

   0.0114.550220.02Behaviour × light intensity

   0.0026.155227.08Behaviour × air temperature

< 0.001151.1031664.69Light intensity

< 0.001686.72913020.87Air temperature

< 0.00110.987248.33Behaviour

PFdfMean squareVariable

TABLE 5. Summary of the ANCOVA of the effect of behav-

iour, air temperature and light intensity on the thoracic tempera-

ture of males of Lycaena phlaeas.



must compete for access to the less numerous sex (Jiggins

et al., 2000). Therefore, they would be favoured to select

a mate-locating tactic with higher searching efficiency

(usually a patrolling tactic), even if the tactic has higher

costs (Hammerstein & Parker, 1987). This is supported

by the fact that the male is usually the sex that actively

searches for mates (Kokko & Wong, 2007). However, if

the sex ratio is strongly skewed, the competition between

members of the more numerous sex is intense and the

variance in mating success is great. In this situation, it is

advantageous for members of the more numerous sex to

wait for an opportunity to mate and thereby spread the

risk in time. Theoretical models predict that some indi-

viduals of the more numerous sex either stop searching

for mates or change their tactic to one with lower costs

until the costs of locating mates decline (Ide & Kondoh,

2000; Kondoh & Ide, 2003). In short, the skewed opera-

tional sex ratio of L. phlaeas may have led to the evolu-

tion of the strategy in which the males patrol only when

weather conditions are favourable, which reduces the

costs of patrolling.

Population density is thought to be one of the major

factors determining mate-locating tactics (Scott, 1974;

Wickman & Rutowski, 1999; Kokko & Rankin, 2006). In

insects, there is a tendency for males to patrol at high

population densities and to sit and wait for mates at low

densities (Baughman et al., 1988; Alcock, 1994). A low

population density would prolong the time from when

females become receptive to when they mate, which

results in female sperm limitation and may account for

why population density influences mate-locating tactics

(Wickman & Rutowski, 1999; Kokko & Wong, 2007). In

Lepidoptera females generally suffer the cost of a decline

in fecundity when mating is delayed (Wenninger & Aver-

ill, 2006). Therefore, at low population densities, which

commonly results in delayed mating, active mate-

searching by females and waiting by males would be

favoured. In this study, the population density of L.

phlaeas was not measured. However, it seemed to be very

high, judging from the number of patrolling males (Fig.

2). Although this suggests that patrolling was favoured at

this site, males mainly perched if the weather conditions

were unfavourable. Overall, the results of this study are

robust even if the population density was low.

In some insects that hold mating territories the territory

is abandoned when males are abundant (Alcock &

O’Neill, 1986; Alcock, 1994). This is explained as being

due to the costs of territory defence, which increase

sharply when the incidence of invasions by rival males

increases (Schoener, 1983; Alcock & O’Neill, 1986).

However, in some butterflies, the abundance of males

does not affect the mate-locating tactic adopted (Wick-

man, 1988; Kemp, 2001). The perching tactic of L.

phlaeas is seemingly a territorial behaviour. However,

chasing is considered to be the means by which they

determine the sex of a passing insect, not part of territo-

rial behaviour (Suzuki, 1976). Therefore, it is unlikely

that the mate-locating tactics of male L. phlaeas are

greatly affected by the abundance of rival males.
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