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White Cabbage Butterfly 
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Abstract. The lifetime mating frequency of female butterflies is believed to be dependent on the 
reproductive status of the males which they have mated. This report assesses those status using Pieris 
rapae L. Multiple mating females mated males with a short time interval after the last mating or 
males with many mating records. Such males, like small ones, produced small spermatophores dur- 
ing copulation, which may have resulted in high mating frequency of those females. The males with 
short time interval after the last mating or those with many mating records also showed a long mating 
duration. Alternative interpretations of the adaptive significance of this behavior for males are 
discussed. 
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Introduction 

Female butterflies of many species mate multiply during 
their lifetime (e.g. Pliske 1973; Burns 1968; Ehrlich and 
Ehrlich 1978; Drummond 1984; Foresberg and Wiklund 
1989; Wiklund and Foresberg 1991). Their lifetime 
mating frequency depends on the length of the interval 
between successive matings (intermating interval). This 
length is mainly affected by the spermatophore mass in 
the bursa copulatrix deposited by the last male with whom 
they mated: female refractory period increases with sper- 
matophore size (Oberhauser 1989; Kaitala and Wiklund 
1995). Spermatophore mass is affected by male reproduc- 
tive status, such as body size, age, mating records, and in- 
termating interval (Svard and Wiklund 1986; Oberhauser 
1988; Foresberg and Wiklund 1989; Kaitala and Wiklund 
1995). Therefore, the lifetime mating frequency of a 
female is expected to be directly influenced by the reproduc- 
tive status of  the males with whom she mates. However, 
only one study has demonstrated this expectation directly 
(Kaitala and Wiklund 1994). 

In the white cabbage butterfly Pieris rapae, females mate 
multiply (Burns 1968), and in the wild, the number of  sper- 
matophores of  the oldest group of females ranges from 1 
to 7 (Suzuki 1979). Therefore, it is possible that lifetime 
mating frequency of P. rapae females may depend on 

the spermatophore mass sent by males, which would be 
influenced by male reproductive status. 

The primary purpose of the current study is to docu- 
ment how under semi-natural conditions in an outdoor 
cage the reproductive status of P. rapae males directly 
affects the lifetime mating frequency of their females. 

Materials and methods 

This study was conducted in outdoor cages (1.8 × 1.8 × 
1.8 m) in a field on the campus of Kyoto University. Some 
P. rapae butterflies were obtained from eggs, larvae and 
pupae collected in crop fields around Kyoto University, 
while others were collected from eggs in the outdoor cage 
where P. rapae has been maintained for many generat- 
ions. The larvae were placed on fresh leaves of either 
Brassica oleracea L. (cabbage), Raphanus sativus L. 
(radish) or Rorippa indica (L.) Hieron. (yellow cress) in 
200-ml plastic cups. About 10 larvae were reared in each 
cup under natural temperature and day length in the 
laboratory. Immediately after emergence, the butterflies 
were numbered on the hindwings with an oil-soluble 
marker, and introduced into an outdoor cage. Flowering 
plants were either directly planted or potted in the cage in 
each flowering period as nectar sources. 
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Single mating and multiple mating of females ~ 60 -  18 

To examine whether female lifetime mating frequency is 
affected by male reproductive status, 49 virgin females, 1- ~ 50 
8 days after emergence, were introduced irregularly into o 
the two outdoor cages where up to 11 males were maintain- ~ 40 
ed throughout their lives, and female lifetime mating 
activities and the partner's conditions were recorded. The ~ 30-  
experiment was conducted during all the flight seasons Z~ 

from April to November for 3 years from 1992 to 1994. ~ 20 -  

I ,o  
Male mating frequency and mating duration 

To examine the effect of the reproductive status of males 
and females on the mating duration, virgin females were in- 
troduced into the cages to mate with captive males used in 
the above experiment. In most cases, copulation occurred 
soon, and the identity of mating pairs and mating duration 
were recorded. When males mated for the first time, inter- 
val from their emergence was adopted as a measure of in- 
terval between matings, which counted 44 out of total 129 
matings recorded. Some mating pairs were left in the cage 
and others were captured into 400-ml plastic cups as soon 
as mating started for the purpose of the next experiment. 
Since the mating duration did not differ significantly 
between the pairs in the cage and those in the plastic cups 
(mean mating durations for the first or second mating 
by males: l14.793min [n=58] and 102.522min [n=69], 
respectively; Mann-Whitney U test, P>0.05),  data from 
both sources were pooled. 
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MALE'S MATING RECORDS 

Fig. 1. Comparison of females who mated singly ( • ) and those 
that remated (D), with respect to the mating records of their 
mates. There were 33 matings with 33 females in the singly 
mated females group, and 19 rematings with 16 females in the 
remating group. Females who remated had mated males with 
significantly more mating records. Numbers above bars indicate 
sample sizes of females. 

during mating. In all weighing procedures, butterflies were 
anesthetized with CO2 for a short period of time to remain 
still in the electronic balance. On each copulation, male 
mating interval, male mating records, and mating duration 
were also recorded. 

Spermatophore mass 

To examine the effect of reproductive status on sper- 
matophore mass, we measured spermatophore mass 
transferred during mating. Spermatophore mass was 
assumed to be equal to male ejaculate mass (but see Svard 
and Wiklund 1986), which was calculated from apparent 
weight gain of female plus estimated weight loss due to 
metabolisms and loss of water during mating. To 
calculate apparent weight gain of females during mating, 
some virgin females used in the above experiment were 
weighed with an electronic balance installed in a cabin by 
the cage, and introduced into the cage with males. In 
most case, copulation occurred soon and pairs were cap- 
tured into 400-ml plastic cups and kept indoor. Males 
and females were weighed again soon after mating ended. 
The experiment was conducted from 1992 to 1994. 

A separate set of virgin females were used to estimate 
the rate of natural weight loss due to metabolisms and loss 
of water. Each female was maintained in a 200-ml plastic 
cup in dark for a few hours to still them. They were weigh- 
ed before and after this treatment. The rate of weight 
change was used as an estimate of natural weight loss 
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MALE'S INTERMATING INTERVAL (DAYS) 

Fig. 2. Comparison of females who mated singly ( • )  and those 
that remated ( [] ), with respect to the intermating interval of their 
mates. There were 33 matings with 33 females in the singly 
mated females group, and 19 rematings with 16 females in the 
remating group. Females who remated had mated males with 
a significantly shorter mating interval. Numbers above bars 
indicate sample sizes of females. 
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LONGEVITY (DAYS) 

Fig. 3. The relationship between longevity and lifetime mating 
frequency of males in the field cage when they were allowed to 
mate freely with virgin females. Small circle means one plot, 
medium circle means two, large one means three or more. 
Regression: y=0.226x-0.417 (r2=0.347, n=  190, P<0.0001). 
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MALE MATING RECORDS 

Fig. 4. Mating duration in relation to male mating records 
(mean _+ SE). Numerals indicate sample sizes. Regression: y =  
23.67x+73.50 (r2=0.268, n=241, P<0.0001). 

Res u l t s  

Single mating and multiple mating o f females 

Some females mated only once while the others mated 
multiple times during their lifetimes. Two aspects of  male 
mating history (mating records and interval between 
matings) affected females. Compared to females that 
mated multiply, those that mated only once mated with the 
males who had fewer mating records (1.576_+0.123 vs. 
3.263_+0.323 times [mean_+ SE]; t = 5.760, df - -  50, 
P = 0 . 0 0 0 ;  Fig. 1) and whose intermating intervals were 
longer (2.576_+0.392 vs. 1.000+_0.171 days; t---2.950, 
d f = 5 0 ,  P=0 .005 ;  Fig. 2). 

Male mating frequency and mating duration 

Most males began to mate from the next day after their 
emergence, though a few males mated on the day of  
emergence (5/160). The eggs of  the females having mated 
with such male o f  the day of  emergence were fertilized. 
Generally, males mated once a day, though some of  them 

Table 1. Multiple liner regression analysis to estimate the effect 
of male weight, male intermating interval, male mating records, 
and female weight on mating duration. 

Factor Coefficient SE t-value P 

Male weight (mg) --0.532 0.463 1.149 0.253 
Male interval (days) -10.61 2.993 3.545 0.001 
Male mating records 16.009 2.813 5.691 0.000 
Female weight (mg) -0.245 0.294 0.834 0.406 

n=  128, R2=0.379, P=0.000. 

mated twice a day (21/486). The lifetime mating frequen- 
cy o f  males depended on their longevity, and some males 
mated more than 10 times (Fig. 3). 

Mating duration correlated with 2 factors (Table 1). 
The more the male had mated before (Fig. 4) and the 
shorter the interval since the male last mated (Fig. 5), the 
longer was the mating duration. In particular, mating 
duration o f  the second mating on the same day was long 
enough to last until the next morning (5/10). 

Spermatophore mass 

Natural weight loss of  virgin female was 0.526_+ 
0.031 mg/h  (n-- 35, mean_+ SE). Spermatophore mass was 
calculated from female apparent weight gain plus assumed 
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Fig. 5. Mating duration in relation to male intermating inter- 
vals (mean_+SD). Numerals indicate sample sizes. Regression: 
y =  -68.17x+328.39 (r2=0.174, n=  159, P<0.0001). 
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Table 2. Multiple liner regression analysis to estimate the effect 
of male weight, male intermating interval, male mating records, 
and female weight on spermatophore mass. 

Factor Coefficient SE t-value P 

Male weight (mg) 0.081 0.009 8.820 0.000 
Male interval (days) 0.391 0.059 6.569 0.000 
Male mating records -0.434 0.055 7.832 0.000 
Female weight (rag) --0.017 0.006 2.977 0.004 

n= 129, R2=0.672, P=0.000. 

natural weight loss. Mean spermatophore mass was 
3.692_+ 0.181 mg (n :- 130) which was 7.398% of mean male 
weight. Maximal mass was 10.63 mg and minimal was 0.66 
mg. Spermatophore mass was correlated with 4 factors 
(Table 2): positively with male weight (Fig. 6) and 
male intermating interval (Fig. 7), and negatively with 
male mating records (Fig. 8) and female weight. All 
correlations were highly significant. 

D i s c u s s i o n  

The females that mated males with many mating records 
or those of short time interval after the last mating tended 
to remate (Figs. 1 and 2). Such males had produced 
smaller spermatophores (Table 2, and Figs. 7 and 8). 
Therefore, mating frequency of females was inferred to 
depend on the spermatophore mass sent by males. In 
addition to these two kinds of males, small males also 
produced small spermatophores (Table 2 and Fig. 6). 
Sugawara (1979) showed that only the females receiving 
more than 4/21 spermatophore displayed mate-refusal 
posture soon after mating. Then we expect that when 
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Fig. 6. Spermatophore mass distribution according to male 
weight soon after mating. Regression: y--0.087x-0.674 (r 2= 
0.293, n= 130, P<0.0001). 
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INTERMATING INTERVAL (DAYS) 

Fig. 7. Spermatophore mass distribution according to male 
intermating interval (mean -&-_ SE). Numerals indicate sample 
sizes. Regression: y=0.527x+2.288 0a=0.255, n=131, 
P<  0.0001). 

females accept smaller spermatophores, their intermating 
intervals are probably short, consequently their mating 
frequencies during their lifetime increase. Thus, female 
lifetime mating frequency is directly influenced by male 
reproductive status: body size, mating records, and time 
interval since the last mating. 

Why do P. rapae females remate when they receive a 
small spermatophore? In most cases in Lepidoptera, a 
single insemination is sufficient to fertilize all eggs (Drum- 
mond 1984). Therefore, it was suggested and/or 
demonstrated that females mate multiply to use sper- 
matophores as their own nutrition such as for egg produc- 
tion in P. rapae (Watanabe and Ando 1993, 1994), in the 
other Pieris species (Wiklund et al. 1993), and in other 
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Fig. 8. Spermatophore mass distribution according to male 
mating records (mean +_ SE). Numerals indicate sample sizes. 
Regression: y=  -0.615x+5.423 (r2=0.361, n=131, P<0.0001). 
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Lepidoptera (Boggs and Gilbert 1979; Boggs 1981a; b; 
Boggs and Watt  1981; Parker and Simmons 1989; Boggs 
1990; Rutowski et al. 1987; Watanabe  1988; Oberhauser 
1989). 

Experienced males and those with short time interval 
since the last mating, which produce small spermatophores 
(Table 2, and Figs. 7 and 8), show long mating durat ion 
(Figs. 4 and 5). This kind of prolonged copulation by ex- 
hausted males is also known in other butterflies (Rutowski 
1979; Svard and Wiklund 1986; Kaitala and Wiklund 
1995). Why do such males keep copulating for a long 
time? To answer this question, Svard and Wiklund (1988) 
proposed that exhausted males require a longer mating 
time to produce and transfer a sufficiently large ejaculate. 
This hypothesis was proposed from the point  of view of 
physical constraints. We would like to propose here an 
alternative adaptive explanation. Prolonged copulations 
may make females store many mature eggs in their ovaries 
and make them lay eggs rapidly after copulation before 
remating. It has been reported that P. rapae females laid 
few eggs on overcast days and more eggs than expected on 
sunny days which followed overcast days (Gossard and 
Jones 1977). Since there is last males sperm precedence in 
most Lepidoptera (Drummond 1984; Gwynne 1984 and 
reference therein), prolonged copulation may have conse- 
quently adaptive significance for males. Intact males may 
not  require long mating time, because their large sper- 
matophores make females keep long refractory periods. 
Further study is needed to resolve this problem. 
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