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ABSTRACT

 

—Males of 

 

Chrysozephyrus smaragdinus

 

 were active from late morning to late afternoon, dur-
ing which they showed territorial behavior, perhaps for mating. The territorial male stayed in a particular
area and occasionally flew around it, referred to hereafter as the inspection area. When other male
intruded into this area, the territorial male rushed to him. Then, they engaged in a circling flight regarded
as a “war of attrition”. During this flight, the two males sometimes strayed far away from the territory. After
the circling flight, the resident returned to his territory in almost all cases (98%). Despite such intrusions,
many residents defended their territory for several successive days. This suggests strongly the “effect of
prior residence”. We recorded the circling flights with a high-speed video camera, and confirmed that the
male that ceased the circling flight first was the loser. This finding gave some validity to consider circling
flight as wars of attrition. In a few cases, the territorial male mated with a female that came to the territory.
These once mated males held the territory no longer, suggesting that mating experience should restrict
the next mating opportunity in this species.
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INTRODUCTION

 

The definition of an animal’s territory was vague until
Noble (1939) defined it as “any defended area”. Wilson
(1975) defined territory more precisely as “an area occupied
more or less exclusively by animals or group of animals by
means of repulsion through overt aggression or advertise-
ment”. A territory is hence an exclusive area against other
individuals for resources including food, mates, or breeding.
Territorial behavior has been reported for many vertebrates
(Hasegawa and Tanemura, 1986) and invertebrates includ-
ing a variety of insects, such as wasps (

 

e.g.

 

 Alcock and
Bailey, 1997), damselflies (

 

e.g.

 

 Waage, 1988), and butter-
flies (reviewed by Kemp and Wiklund, 2001).

In many butterfly species, the male defends from con-
specific males a specific area which seems to have no valu-
able resources such as food or oviposition site (

 

e.g.

 

 Davies,
1978; Lederhouse, 1982). This behavior was thought to
increase the territory-holder’s mating opportunity: frequent
mating has been observed in these male territories in some
butterfly species (

 

e.g.

 

 Cordero and Soberón, 1990; Fischer

and Fiedler, 2001). Butterfly males compete for ownership
of a territory through conspicuous aerial interactions in
which two males encircle each other until one of them gives
up (Kemp and Wiklund, 2001). This behavior is called cir-
cling flight. Such a butterfly fights have been regarded as
“wars of attrition”, where both contestants continuously dis-
play and the one that retreats earlier is the loser (Maynard
Smith, 1982). In general, butterflies appear to lack any obvi-
ous morphological traits to attack their opponents and rarely
attack the opponent physically during the fight. The means
by which butterflies settle a dispute over a territory remains
a mystery. Investigating these territorial butterfly fights
therefore provides insight into the nature of weaponless
duels and the diversity of animal fights.

 

Chrysozephyrus smaragdinus

 

 (Lycaenidae) is a small
butterfly (wing span 18–23 mm) and is sexually dimorphic;
males exhibit brilliant green dorsal surface of the wings due
to interference of light, whereas females are dark brown with
an orange spot (Imafuku 

 

et al.

 

, 2002). The larval food plant
is some species of cherry, genus 

 

Prunus

 

. The butterfly is
arboreal, inhabiting temperate deciduous forests and univol-
tine. In Japan, adults appear in June and July, the Japanese
rainy season. The adult season at a given site is rather
short, lasting for approximately a month. Males of this spe-
cies persist to a small open space in forest and compete
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with other males for the area via circling flight. Although

 

 C.
smaragdinus

 

 lives in an arboreal habitat and is not easy to
observe or catch, it is an ideal subject for investigating ter-
ritorial behavior of butterflies as males of this species
appears to show circling flight more frequently and for longer
periods than other butterfly species in Japan (Fukuda 

 

et al

 

.,
1984). In this study, we investigated the characteristics of
territorial behavior of 

 

C. smaragdinus

 

. We observed and
recorded the daily pattern of male appearance at the terri-
tory, territory range, which individual occupied the territory,
and male-male contest behavior.

 

MATERIALS AND METHODS

 

Our studies were made mainly in Shiojiri City (36

 

°

 

00’N,
137

 

°

 

50’E, 1000 m alt), Nagano Prefecture, Japan, from 12 to 21
July 2001, 3 to 16 July 2002, and 4 to 31 July 2003. The study site
was a south facing valley in a temperate deciduous forest, with tall
trees over 20 m in height. At this site, the butterfly was found on
trees along a stream. In 2001, we observed butterflies in quite a
restricted area (approximately 10 m 

 

× 

 

10 m) where we could look
down on butterflies on trees from a bridge, and in 2002 and 2003,
along an approximately 300 m transect along a stream. As the adult
season at a given site was short and observation at one site was
restricted, we made additional observations in Nagano City
(36

 

°

 

39’N, 138

 

°

 

10’E, 400 m alt), Nagano Prefecture, in June 1999,
June 2002, June 2003, and June 2004, where the butterfly emerges
approximately three weeks earlier than in Shiojiri City. This study
site is also a temperate deciduous forest, with tall trees over 20 m
in height. The butterfly was found around an artificial gap in the for-
est, formerly used for farming. For the investigation of territorial
behavior, males at both study sites were captured at the first sight
and marked with water-insoluble ink along the edges of the ventral
surface of both left and right wings. Presented data were collected
in Shiojiri City unless otherwise mentioned.

To obtain data on the daily activity pattern, we surveyed the

study sites for flying or perching butterflies every 5 min from 9:00
to 18:00 for 4 days each in Nagano City in June 1999 and in Shiojiri
City in July 2001. Air temperature was measured with a thermom-
eter hung on a tree at 1.5 m height in the shade.

To determine the number of successive days a male occupied
the same territory (the territory tenure time), we recorded which
males occupied each territory every day. Males that perched in a
territory when the territorial male was taken out for marking were
not counted. Because our study period did not cover the whole
adult season, the territory tenure time should be underestimated in
some cases.

Territorial males occasionally made spontaneous flights in a
limited range around the perching point, which is referred to as the
‘inspection area’ hereafter. We defined the territory area as the
range of the inspection area (Takeuchi and Imafuku, 2005). When
another male intruded into a territory, the territorial male rushed
over to him. Then interaction (circling flight and/or chase) between
them occurred. After the interaction one of them returned to the ter-
ritory. This individual was defined as the winner of the contest. We
observed circling flights and recorded the winner of each fight, and
when possible, we recorded circling flight with a high-speed video
camera at a rate of 250 frames/sec (c

 

3

 

camera; Nac Image Technol-
ogy) to determine whether the male that first ceased the circling
flight is really the loser. This is the premise of “wars of attrition”
(Maynard Smith, 1982), but to our knowledge it has not been con-
firmed accurately in butterfly fights.

The inspection area of a single territorial male was plotted on
a map in Nagano City on 26 June 1999. The initiation and termina-
tion points of the circling flight were also plotted on the map.

 

RESULTS

Daily activity

 

Males flew to study sites in the morning and flew away
from study sites in the evening. The 4-day observation in
Nagano City in June 1999 revealed that males were active
between 10:00 and 17:00 (Fig. 1a). The average air temper-

 

Fig. 1.

 

Daily activity of 

 

Chrsozephyrus smaragdinus

 

 in Nagano City in June 1999 (a) and in Shiojiri City in July 2001 (b). The mean number of
male 

 

C. smaragdinus

 

 observed in the study area (solid circles) and mean air temperature (open circles, 

 

°

 

C) are shown. The error bars repre-
sent standard errors of each mean.

(a) (b)
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ature during the observation period was 22.6

 

°

 

C, and it was
mostly cloudy. During the 4-day observation in Shiojiri City
in July 2001, males were active between 11:00 and 18:00
(Fig. 1b). The average air temperature during the observa-
tion period was 26.0

 

°

 

C, and it was mostly sunny.
During the active time, a male typically perched on

some fixed points in a restricted area, such as a tip of a
shoot or a twig of a tree. He occasionally made spontaneous
flights in a limited range (

 

ca.

 

 15–25 m

 

2

 

), around the perch
points without being approached by other individuals. When
other insects intruded into a territory, he immediately chased
it away. When other male intruded into a territory, he rushed
to the male. In some cases, the intruder immediately flew
away when chased by the territorial male. In other cases,
the two males engaged in a circling flight. When the circling
flight was ceased, a chase ensued along a horizontal plane,
and soon one of the males returned to the territory.

 

Territory

 

The territory tenure time ranged from 1 to 28 days (Fig.
2a). Fig. 2b shows the number of males that continued to
occupy the same territory at least for the number of days
shown on the abscissa (like survivorship curve). Once a
male had occupied a territory for two days, he was highly
likely to be found in that territory on the following days (Fig.
2b). These males were different from males occupying the
territories for only 1 day in that the former flew away from
their territories at the end of daily activity, and returned to
the same places the next morning. The mean territory ten-
ure time of these males was 9.0 days 

 

±

 

 1.4 days (SE). They
were defined as a resident. Residents that disappeared from
the territory for one or more days never reappeared at that

territory. The same places were used as territories by differ-
ent males at different period in an adult season. They are
also used repeatedly in different years. A common feature
of territories seems to be a small open space (

 

ca.

 

 15–25 m

 

2

 

)
in a forest surrounded by a “wall of trees”. We found no lar-
val food plants in the territories. There were many territories
at both study sites, some of which were difficult to observe
because they were located among tall trees. We observed
at least 8 territories in Shiojiri City and 3 in Nagano City. Fig.
3 shows an example of a territory. Males were never
observed to feed during their territorial activity.

 

Circling flight

 

We observed 56 circling flights between residents and
intruders. The intruder was expelled in all except one case
(

 

i.e.

 

 residents won 98% of fights). In the latter case, the res-
ident regained his territory the next day. Of these contests,
11 made by six different residents were recorded with a
high-speed video camera and in all of them the loser were
found to be males that first ceased the circling flight.

From the detailed observation made on a fixed territory
in Nagano City, the initiation points of circling flights were
located within or around the inspection area. This is the
same for the termination points with three exceptions where
males strayed far away from the territory (Fig. 3). We also
encountered, at least five times, cases in which two males
in circling flight strayed far away from the territory in Shiojiri
City. The resident returned to his own territory after the
fights.

 

Mating behavior

 

Females were rarely seen and we observed only two

 

Fig. 2.

 

(a) Frequency distribution of the territory tenure time of male 

 

Chrsozephyrus smaragdinus

 

. The five males in the 11+ days category
occupied their territories for periods of 12, 13, 18, 18 and 28 days. (b) The number of males who remained to occupy the territory on the days
shown on the abscissa.

(a) (b)
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copulations. One copulation was observed on 28 June 2003
in Nagano City. A female flew into a male’s territory at
14:30. The territorial male immediately pursued her. Soon
they alighted on a leaf (approximately 7 m above the
ground) of a 

 

Diospyros kaki

 

 tree near the territory, and cop-
ulated. The copulation lasted for 3 hours and 5 min ending
at 17:35. After copulation, the male flew away, and the
female did so thereafter. Since then until 3 July 2003, the
last day of our observation there, this male never returned
to the territory that he had defended for the previous 7 days.

Another copulation was observed on 16 June 2004 in
Nagano City. We found a mating pair at 14:25 on a leaf
(approximately 6 m above the ground) of a 

 

Celtis sinensis

 

tree. The male had defended a territory near the tree from
the previous day. After copulation, the male did not continue
to hold the territory, although he was found engaging in cir-
cling flights.

Courtship behavior was observed on 25 June 2002 in
Nagano City. A female flew to a male’s territory at 13:30.
The territorial male immediately pursued her. Soon they
alighted on a leaf (approximately 3 m above the ground) of
a 

 

Juglans mandshurica

 

 tree near the territory. The male
approached her from the left side while fluttering and bend-
ing his abdomen tip to her abdomen tip. However, this cop-
ulatory attempt ended in failure. The female flew away and
the male returned to his territory. After a while, he frequently
flew out of his territory to fly around the leaf where he lost

the female.
We observed no copulation in Shiojiri City during the 3-

year observation period.

 

DISCUSSION

 

Male territorial activity time ranged from late morning to
late afternoon. This is consistent with previous observations
(Koda, 1982). The present study revealed also the differ-
ence in the territorial activity time between two locations; it
started and ended earlier in Nagano City than in Shiojiri City.
This can be partly attributed to the different climate in the
different locations. In Shiojiri City, adults appeared in a sun-
nier and hotter season than those in Nagano City. It would
provide them with a more intense light and a higher ambient
temperature, which should enable them to be active until
later in the day. However, climate cannot explain the later
starting time of daily activity in Shiojiri City. The time differ-
ence in the territorial activity between Nagano City and
Shiojiri City may be attributed to the difference in population
size, with smaller number of males in Shiojiri City than that
in Nagano City (Fig. 1a,b). Another possible reason may be
the existence of a closely related and similar colored spe-
cies 

 

Chrysozephyrus brillantinus

 

. Males of this species were
active in the early morning (

 

ca.

 

 8:00 to 10:00; Koda, 1982)
and showed territorial behavior at the space where male 

 

C.
smaragdinus

 

 also showed territorial behavior in Shiojiri City,
while 

 

C. brillantinus

 

 was absent in Nagano City. Therefore,
temporal segregation of territorial space use may be
achieved between these species in Shiojiri City. Observation
at more sites is necessary to test this hypothesis.

In the present study, the initiation and termination
points of circling flight were located in the territory, with the
termination points far outside the territory in a few cases.
Similar observations are reported in other butterfly species
(

 

e.g.

 

 Knapton, 1985; Fischer and Fiedler, 2001; Takeuchi
and Imafuku, 2005). This seems to be different from what
has been observed in other animals: in mammals or birds,
aggressiveness frequently declines near the boundary of the
territory (

 

e.g.

 

 Matsubara, 2003). In butterflies, it appears
usual that territories are located at specific terrain features
(

 

e.g.

 

 Cordero and Soberón, 1990). So, they are not adjacent
to each other, but maintain neutral spaces among them. In
such spaces, they would continue circling flights.

The resident won the fight with the intruder in 98% of
the cases, and defended his territory for several successive
days. The resident’s high winning rate has been observed
in various animals. This phenomenon is referred to as
“effect of prior residence” (Ito 

 

et al

 

., 1992), and some
hypotheses are presented to explain it. The “bourgeois strat-
egy” hypothesis (Maynard Smith, 1982) suggests that the
resident wins because competitors adopt the rule that the
resident should be aggressive and the intruder should
retreat. Davies (1978) gave empirical evidence supporting
the bourgeois strategy in the speckled wood butterfly,

 

Pararge aegeria

 

. However, studies conducted later revealed

 

Fig. 3.

 

A map of the territory of a male 

 

Chrsozephyrus smaragdi-
nus

 

 in Nagano City. Dark gray; tall trees, Light gray; short tree,
White; pasture, dashed line; inspection area, circles; location where
circling flight was initiated, crosses; location where circling flight was
terminated. Arrows indicate that the two males in circling flights
strayed far away from the territory.
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that the bourgeois strategy is rare or non-existent in the wild,
both theoretically (Grafen, 1987) and empirically (

 

e.g.

 

 Kemp
and Wiklund, 2004). Stutt and Willmer (1998) recently pre-
sented an alternative hypothesis that residents can achieve
a higher body temperature basking in the territory, which
enhances their physiological condition, and are therefore
more likely to win a contest. In the present study, the ther-
mal condition is not a likely explanation. If the thermal con-
dition is important in contest settlements, residents could not
chase away intruders for average 9 days and could not win
two to three contests one after another because the thermal
condition would often change (

 

e.g.

 

 via convective cooling in
flight). From the viewpoint of theoretical models, the resident
would have higher resource-holding potential (RHP: Parker,
1974) or evaluate the territory more highly than the intruder
(Enquist and Leimar, 1987). RHP is routinely correlated with
body size in many animals (Andersson, 1994). However, the
relation between RHP and body size is not clear in butter-
flies (

 

e.g.

 

 Hernández and Benson, 1998; Kemp, 2000). In
the present study, we observed the natural behavior of the
butterflies, and therefore, could not collect samples to mea-
sure RHP candidates. On the other hand, the resident came
to his territory every day, suggesting that they had a clear
spatial memory and that the resident should have more
knowledge of the territory than the intruder. This suggests
the presence of a resource (territory) value asymmetry
between the resident and the intruder, and territorial con-
tests may be settled on the basis of the resource-value
asymmetry. This hypothesis remains to be tested.

In the circling flight, the loser ceased the flight first and
was chased by the winner. This satisfies the premise of
“wars of attrition”, and gives some validity to consider cir-
cling flights as wars of attrition. Moreover, this indicates that
only the duration of the circling flight is relevant to working
out the aggressive intent of the loser (true contest phase),
and the horizontal chase after circling flight is not a true con-
test phase in which the outcome has already been decided.

We observed two copulations, and both the copulated
males, who had been defending territories until mating, did
not defend the territory after mating. One of them had been
defending his territory for 7 days, and the other for 2 days.
Fig. 2b shows that 9 of the 12 males who had been defend-
ing their territory till the 7th day continued defending it the
next day, and that 19 of the 20 males who had been defend-
ing their territory till the 2nd day continued defending it the
next day. This implies that copulation imposed some costs
to the males, and that they could not defend their territories
through fights after copulation. It is known that butterfly
males give females ejaculates up to 15.5% of their body
weight (Svärd and Wiklund, 1989). In the sagebrush cricket,

 

Cyphoderris strepitans

 

, the male’s physiological condition is
worsened by giving the nuptial gift to the female during mat-
ing, which diminishes the male’s ability to secure another
mating (Sakaluk 

 

et al

 

., 2004). The effect of mating experi-
ence on the following mating in butterflies has been well
studied in the laboratory. In general, male ejaculates

become smaller in the second mating compared to the first
mating (

 

e.g.

 

 Watanabe 

 

et al

 

., 1998), and it takes several
days after copulation to return ejaculate weight to the origi-
nal level (

 

e.g.

 

 Hughes 

 

et al

 

., 2000). However, it is not well
understood how mating history affects male mating behavior
and mating success in nature.

Supposing that territory holding is an effective strategy
for males to acquire receptive females, mating experience
may restrict the next mating opportunity of the male in 

 

C.
smaragdinus

 

. By contrast, Suzuki and Matsumoto (1992)
showed that the first mating experience enhanced the prob-
ability of the next mating of the male in the papilionid butter-
fly, 

 

Atrophaneura alcinous

 

. This difference may be attributed
to the difference in the male mate-locating strategy between
the two species. Males of 

 

A. alcinous

 

 patrol near female
emerging sites, do not defend a territoriy and do not com-
pete with conspecific males (Suzuki and Matsumoto, 1992).
On the other hand, males of 

 

C. smaragdinus

 

 do not search
for emerging females (there were no larval food plants in
their territories) but must engage in circling flights to keep
their territories for some hours every day. The male after
mating may not be physically fit to defend a territory, and
mating experience may affect behavioral performance of
males. This issue needs to be studied further.
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