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INTRODUCTION 

The closely related species of butterf l ies  belonging to the genus Pieris, P. rapae, 

P. melele and P. napi, have some differences in their  preferences for oviposit ion plants  

(HIURA, 1968; TAKAHASHI, 1975; OHSAKI, 1979), adul t  nectar  plants  (OHSAKI, 1979), 

roost ing-si tes  (OHSAKI, 1979) and favourable  l ight  conditions (HIURA, 1968; TAKA- 

HASHI, 1975; OHSAKI, 1979), and habi ta t  segregat ion among them has been observed 

in their  areas  of coexistence (HIURA, 1968; TAKAHASHI, 1975; OHSAKI, 1979). 

The  s tabi l i ty  and cont inui ty  of hab i ta t  for the three species are much different 

from one another  in the same area. The  habi ta t  of P. rapae is t emporary ,  localized 

and unstable.  Tha t  of P. metete is more permanent ,  widespread  and stable than that  

of P. rapae. P. napi seems to live in the intermediate ,  i.e., permanent ,  localized and 

stable,  one (OHSAKI, 1979). 

The  spat ia l  cont inui ty  or discont inui ty  of hab i ta t  for a given species can be clarified 

only through careful  observat ions of movement  of the butterfl ies,  especial ly of repro-  

ductive females.  

In this paper,  we descr ibe the characteristics of movements  of the three Pieris 

spp. in relat ion to uti l ization of hab i ta t  resources on the basis of the resul ts  of 

mark - recap tu re  exper iments  conducted in the field. 

STUDY AREA AND CENSUS METHOD 

The s tudy area, about  3 x l . 5  km, was s i tuated in a fa rm vil lage in mountains,  

Inabu,  Aichi  Prefecture.  Twen ty -e igh t  subsi tes  in which most  of the adul ts  of Pieris 

can be observed are patchi ly  d is t r ibuted  in the area  as descr ibed in detail  in OHSAKI 

(1979). 

Mark ing  and recapture  censuses for the adul ts  of three Pieris species were carr ied 

out on a lmost  every fine day in August ,  1975, and dur ing the period from Apr i l  18 
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to November  3 in 1976. I t  took 2 days  to p a t r o l  the whole area  in a census. Adul t s  

found were cap tured  by  but terf ly  net. The  but terf l ies  newly cap tured  were numbered  

individual ly  wi th  red or black coloured fel t  pen on the undersurface  of both hindwings.  

Every  but terf ly  cap tured  was released immedia te ly  at  the cap ture  site af ter  recording 

the species, sex, individual  number ,  adul t  age and locality. When butterf l ies  were 

captured  outside the subsites,  the local i ty was recorded as if they were at  the middle 

point  between the nearest  two subites.  

A p p r o x i m a t e  age of adul t  was es t imated  on the basis  of physical  condition of 

their  wings,  i.e., it was classified into four categor ies  as fol lows:  age-class 0, no 

visible damage  and lustrous scales;  age-class 1, fine tears  and less lus t rous  scales;  

age-class 2, notched tears  and f rayed sca le s ;  age-class  3, extensive tears  and f rayed 

scales (Fig.  1). 

Fig. 1. Representative specemins males of adult P. melete showing wing-wear: 
0, age-class 0; 1, age-class 1; 2, age-class 2; 3, age-class 3. 

Dai ly egg numbers  laid per  female of P. melele and P. napi were observed in the 

field cages ( 1 . 8 • 2 1 5  m) in June in 1976 and 1978, respect ively.  A female of 

P. melete or P. napi immedia te ly  af ter  ma t ing  was introduced in each cage in which 

Cardamine appendiculala or Arabis hirsuta and Aster fastigialus were planted as 

oviposit ion plants  and nectar  plants,  respect ively.  

Fo r  the spat ia l  d is t r ibut ion pa t te rns  of habi ta ts ,  areas  occupied by  the oviposit ion 

plants  and the adul t  nec tar  plants,  and the number  of but terf l ies  in each subsi te  were  

researched in June 1977. 
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RESULT 

(1) A d u l t  age-class 

Mean adul t  age in days  of individuals  belonging to each age-class  was es t imated  

by  the physical  conditions of the wings  of the recap tured  but terf l ies  which belonged 

to age-calss  0 at  the first  cap ture  (Table  1). There  were no r emarkab le  differences 

in mean age of each age-class  among species, sexes and generations.  So, this index 

will  be useful for the es t imat ion of the age of the butterfl ies.  

Table 1. Mean adult age in days of successive.age-classes 
of three Pieris species in 1976. 

Adult age-class 0 1 2 3 

P. rapae $ 2 .2  5 .6  8 .8  10.4 
- -  4.7 11.5 14.5 

P. raelete ~; 2.2 4.5 11.7 19. 1 
(except August) ~ 2.0 5.3 10. 0 29.0 

P, rnelete "~ 1.8 4 .4  10.1 - -  

(August )  ~ 1 .5  4 .4  10. 0 - -  

P. napi ~ 2.0 4.8 --  - -  
1.5 4.7 - -  - -  

Mean adul t  age of each age-class could be roughly  es t imated  as follows: 0, wi th in  

3 days af te r  emergence ;  1, about  5 days ;  2, about  11 days ;  3, 2 weeks  or more. 

(2) Seasonal f luc tuat ion in the number  o f  adul ts  

Seasonal f luctuations in the numbers  of adul ts  cap tured  of three Pier is  species are  

shown in Fig.  2. 

P. rapae: The  adul t s  began to emerge  in mid Apri l ,  and the number  of adul t s  

increased gradua l ly  and reached a peak in mid June. They  decreased gradua l ly  

thereaf ter .  Th i s  downward  t rend continued till au tumn.  The  cause of this  decrease 

migh t  be due to the decrease in the amount  of larval  food plants,  i .e.,  cul t ivated 

cruciferous plants,  in summer .  The  number  of females  was a lways  less than that  of 

males.  The  predominancy  in the number  of recap tured  males  was common among 

three Pier is  species, and this was due to a difference in sampl ing  rat io  between sexes 

as descr ibed later.  The  number  of generat ions  was supposed to be about  s ix on the 

basis  of the number  of peaks  of incidence curves  and the number  of adul ts  of age-class  

0 in Fig.  2. 

P. melete: The  adul ts  of the overwinter ing  generat ion emerged  dur ing  a re la t ive ly  

shor t  period in late Apri l .  The  adul ts  of the first  and second generat ions emerged  in 

mid June and August ,  respect ively.  

P. n a p i :  The  adul ts  of the overwinter ing,  first  and second generat ions emerged  in 
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Fig. 2. Seasonal fluctuations in the number of captured adults of three 
Pieris species in 1976. Broken line indicates the number of individuals 
belonging to age-class 0. �9 Males; O Females. 

late April, mid June and in and after August, respectively. 

As compared with P. rapae, both P. melete and P. napi had relatively high peaks 

in the number of adults of the overwintering generation, and the number of annual 

generations, three, was less than that of P. rapae. 
The number of adults on each census date was estimated by applying JOLLY'S 

stochastic model (JOLLY, 1965) tO the mark-and-recapture data, but estimated values 

of Nl had large variances because the number captured and recaptured were not large. 

The average sampling ratio, however, can be estimated by using the data when 

relatively many individuals were captured. Further, sampling ratio was estimated by 

another method as follows: For the marked butterflies that were belonging to age-class 

. YF/~: ) 
0 at their first capture, the recapturing rates (Mo were plotted in logarithm against 
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Table 2. Sampling rates of three Pieris butterflies estimated by two methods, JOLLY'S stochastic 
model and Y-intercept of the regression line of recapture duration decay plot, in 1976. 

P. rapae P. mletee P. napi 

(except August) (August) 

JOLLY 0. 70-0.78 - -  0. 13-0. 15 - -  0. 28 0. 37 - -  

Y-intercept 0. 69 0.35 0. 16 0.07 0. 26 0. 37 0.09 

r 2 0. 95 0. 78 0. 88 0. 75 0.88 0. 92 0. 76 

the recap ture  dates. The  relat ion fi t ted well  to the l inear  regression.  Then,  the Y- 

in tercept  of the regress ion line can be regarded  as the sampl ing  ratio.  The  es t imates  

by  two different  methods are  very  s imi la r  (Table  2). Sampl ing  rat io of females  was  

much lower than males,  and this is the main reason of the smal le r  number  of females  

in Fig.  2. 

The  actual  numbers  of both sexes in the whole s tudy  area  were supposed to be 

a p p r o x i m a t e l y  equal,  because  sex-rat io  of male to female adul t s  was about  I : 1 when 

larvae collected in the census area  were reared  under  l abora tory  conditions. 

The  numbers  of males  at  the h ighes t  peak of P. rapae, P. melete and P. napi were 

es t imated  as about  100, 700 and 250, respect ively,  by  using the sampl ing  rat io  given 

in Table  2. Es t imates  for females  were app rox ima te ly  equal  to those for males. 

(3) Dispersal distance and recapture duration decay curve 

Dispersal  ab i l i ty  of the three Pieris species is descr ibed by  dispersal  dis tances  

and recap ture  dura t ion decay curves.  The  dispersal  dis tances of marked  but terf l ies  

f rom the re leas ing point  on var ious  days  elapsed af ter  release were es t imated  for 

adul t s  of different  age-classes  at  their  first  capture.  When  an individual  was recap tured  

in the re leas ing subsi te  or moved less than 50 m, the dispersal  distance was t rea ted  

as zero. S imi lar ly ,  the dispersal  distance of individual  moved between 50 and 149 m 

as 100 m. Those moved between 150 and 249 m as  200 m. The  recap ture  durat ion 

decay curve shows the change in the recap ture  rate  of marked  butterf l ies  wi th  t ime 

af te r  first release. 

1. Pieris rapae 

The  recap ture  dura t ion decay curves  of P. rapae were shown separa te ly  for three 

categories  of the subsi tes  in relat ion to the different combinat ion of the oviposit ion 

plants  and the nectar  p lants  as fol lows:  both plants  were present ;  only the oviposit ion 

plants  or the nectar  p lants  were present.  

The  dispersal  distance and recap ture  dura t ion decay curve of P. rapae are shown 

in Fig.  3 and Fig.  4, respect ively.  Fig .  3 shows tha t  males  of P. rapae in every  

age-class  scarce ly  dispersed f rom the releasing subsite.  Fig.  4 shows tha t  recap ture  

ra tes  of males  in age-class  0 and age-class  1 on 1 .5th  day  af ter  the first  capture  

were  52. 6% and 42. 3%, respect ively,  in the subsi te  where  the oviposit ion plants  and 
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the nectar plants were growing together. These values and the data on the dispersal 

distances suggested a strong tendency of residence of males at least in the suitable 

subsite. On the other hand, females in age-class 0 at first catch were scarcely 

recaptured, though total 63 females in age-class 0 were marked and released; all the 

females recaptured were at subsites located 500 m to 1, 400 m from the subsites of 

their first catch. Moreover recapture rate of females of age-class 0 on 1.5th day 

after the first catch was 0%. However, females older than age-class 1 scarcely 

dispersed. The recapture rate of age-class 1 on 1.5th day after the first catch was 

25. 0%, and this fact suggested that the resident tendency of old females was not 

weaker than that of males in every age-class. In the incomplete subsites where only 

oviposition plants or nectar plants was growing, males and females in every age-class 

dispersed quickly, even if they had immigrated into such subsites. 

As described above, in the subsites where both oviposition and nectar plants were 

growing abundantly, males of all age-classes and females older than age-class 1 show 

a strong tendency of residence. These mean that their trivial movements were limited 

within areas which were clearly enclosed by geographical boundaries, for example, 

low ridges, low hills, rivers, afforested lands or paddy fields. In a subsite where the 

oviposition and nectar plants were patchily distributed, adults of P. rapae flew about 

actively throughout the subsite. In a subsite where the oviposition plants grew in a 

small cultivated field, and nectar plants grew only in a neighbouring place, P. rapae 

devoted themselves to travelling between these small areas. The fewer the nectar 

plants were, the shorter the resident times of adults were. 

2. Pieris rnelete 

Considerable differences in the dispersal pattern of P. rnelete were observed among 

generations, i.e., the adults of second generation in autumn were less active than 

those of the overwintering and first generations. The dispersal distance and the 

recapture duration decay curve are, therefore, shown separately for these two 

generation groups in Fig. 5-8. 

Overwintering and 1st generations: Fig. 5 shows that the males of P. rnelete 

moved more actively than those,of P. rapae and dispersed gradually over a considerable 

distance. 

The mean dispersal distances of males of P. rnelete which were recaptured on the 

released day at different subsites from releasing ones were 367• m, 238• m, 

233• m.and 150• m in adults of age-class 0, 1, 2 and 3, respectively. These data 

show the young butterflies were more active in their flight activity than the old ones. 

Though P. tnelete males have so much flight activity, P. melete population seemed to 

be divided into two or three sub-populations among which interchange of individuals 

is relatively rare even within the study area of 4. 5 km ~. Fig. 6 shows the recapture 

duration decay curves. Recapture rates of males of age-classes 0 and 1 on 1.5th days 

after releasing were 13.3% and 18 .3%,  respectively. And both recapture duration 
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decay curves slowly decreased. 

Females  of P. melete were not easily recaptured irrespective of age. Fig. 5 shows, 

however, that  about 5% of females of age-class 0 at their first capture were recaptured 

at  400 m or 500 m far from the releasing subsites, and the recapture durat ion decay 

curve slowly decreased. These may suggest  that  the flight activity of young females 

of P. meIete was lower than young females of P. rapae. On the other hand, females 

of P. melete older than age-class 0 were rather  active in comparison with females of 

P.rapae of corresponding age-classes. The recapture rate of age-class 1 was 12. 8%, 
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and the recapture duration decay curve also s lowly decreased. 

The dispersal distances and resident times of females of P. melete suggested by 

the recapture duration decay curves had a similar tendency to those of males; both 

males and females were considered to be resident within a certain area, but this area 

is wider than that of males of P. rapae. In an isolated small subsite by a forest or 

mountains, some individuals were repeatedly recaptured over two weeks when nectar 

plants were abundant together with the oviposition plants. 

Second generation in August: The dispersal distance and recapture duration decay 

curve of adults of P. melete of this generation as shown in Fig. 7 and 8 are considerably 
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different from those of other generations. F ig .  7 shows that both males and females 

in this season were less active than those in other seasons. This tendency was 

common in all age-classes. The sex ratio of captured P. melete in the subsites where 

adult nectar plants were abundant became almost 1 : 1. Recapture rates of males and 

females of age-class 0 after 1.5th day were 23. 4% and 26.2%, respect ively.  These 

values were higher than those in other seasons, suggesting that adults of both sexes 

in this season were much more resident than those in other seasons. Fig. 9 presents 
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Fig. 9. The seasonal fluctuation in the number of _P. melete in a subsite 
where there were no oviposition plants throughout all flight seasons. 

the seasonal f luctuation in the number of adults in a subsite where there were no 

oviposition plants throughout flight seasons. This figure shows that males of the first 

genera t i0nand both sexes of the second generation in August  were abundant in this 

subsite, because much nectar plants grew in this subsite from June to late August. 

Adults, however, disappeared from the subsite as soon as the flowering season in this 

subsite ended in late August. In early September, when cultivated cruciferous plants 

sprouted in the field near this subsite, females began to lay eggs actively on these 

plants. 

Fig. 10 shows the seasonal fluctuation in the number of adults and of eggs on 

Cardamine appendzculata in a subsite where C.appendiculata grew densely and a 

roosting-site also existed. In addition, cruciferous crops were always cultivated except 

in August and nectar plants were distributed abundantly from June to early August  

in this subsite. The presence of males in this subsite was almost limited to the first 

generation. The duration coincided with the period of flowering of nectar plants. 

While females were captured throughout the flight seasons there, the number was 

small. The number of eggs was remarkably  large in mid-May and from early July 

to early August  when adults of the overwintering and the first generations appeared, 

respectively. Number of eggs decreased in middle August, but adults of the second 

generation began to lay more eggs on the sprouts of cruciferous crops rather than 

C. appendiculata in early September. 

As mentioned above, oviposition plants might not be necessary for females of 

P. rnelete to stay in a habitat  in August, and even if oviposition p lants  were growing 
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Fig. 10. The seasonal fluctuations in the numbers of eggs and adults of 

P. melete at a subsite where Cardamine appendiculata occurred. 

there, eggs  were scarcely  laid on those plants. 

Fig .  11 shows the dis t r ibut ion of but terf l ies  marked  in a subsi te  where  nectar  

plants  were  f lowering in the first half of Augus t  in 1975, bu t  the flowers decreased 

in the la t ter  half of August .  When nectar  plants  were flowering, as many  as fourteen 

of 35 marked  individuals  of P. melele were recap tured  in the same subsi te  af ter  four  

days .  In the la t ter  half of Augus t  when flowers had faded  a lmos t  all of marked  

,E 

w 

~b ~ 

) ~ O 500 m 

RELEASE DAY RECAPTURE DAy 

Fig. 11. Changes in the distribution of P. melete in a subsite during two 
two-day periods (1975). Upper, nectar plants were flowering (Early August) ; 
Lower, flowers had faded (Late August);  A and B, release day; a and b, 
recapture day. Circles indicate individual butterflies. 
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butterflies except for only one were recaptured after four days in the other subsites 

where nectar plants were still flowering. Ovaries of females which were caught and 

dissected in the middle of August were mostly immature. 

3. Pieris napi 
The dispersal distance and recapture duration decay curve of P. napi are shown 

in Fig. 12 and 13, respectively. Fig. 12 shows that, irrespective of age-classes, 

dispersal distances of both sexes were generally short. Recapture rates of males of 

age-class 0 and of age-class 1 on 1. Sth day were 5. 8% and 6. 8%, respectively 

(Fig. 13). Recapture duration decay curves gradually decreased. Since very few 

females were captured, it was impossible to analyze the recapture duration decay 

curves for females. Fig. 13 (Total 1975) shows the recapture duration decay curves 
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in August ,  1975. These  da ta  were obtained f rom some subsi tes  where  males  were  

re la t ive ly  abundant .  In this year,  adul ts  were not divided into age-classes.  The  

recapture  dura t ion decay curves  for both sexes were s imilar .  Considering the recapture  

durat ion decay curves  in 1975 together  wi th  the data  in 1976, P. napi seemed to be 

resident.  Recapture  ra tes  of males  and females  in 1975 on 1.5th day were 39. 5% and 

43.0%, respect ively.  These  were much h igher  than those in 1976. Such differences 

between the two years  migh t  be due to difference in sampl ing  efficiency, because the 

t ime spent  for the census of a subsi te  varied, for example ,  f rom about  90 minutes  in 

1975 to 20 minutes  in 1976. 

Recapture  da ta  for P. napi were not enough to discuss the dispersal  pat tern,  

because the populat ion densi ty  was very  low in 1976. Detai led studies for P. napi 

remain  in the future,  bu t  the data  mentioned above sugges t  that  P. napi is not s imi la r  

in fl ight behaviour  to P. rapae but  ra ther  resembled  to P. melete. 

(4) Oviposition pattern 

Oviposi t ion pa t te rns  of P. rapae and P. melete were different from each other. 

Fig .  14 shows the f luctuations in number  of eggs  which were laid on the cruciferous 

crops in smal l  cul t ivated fields in the f r inge of the forest  by  females  of P. rapae and 

P. melete. Eggs  of P. rapae increased rap id ly  wi thin  a shor t  period in both ear ly  June 
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Fig. 14. The seasonal fluctuations in the numbers of eggs 
of P. rapae and P. melete in the small cultivated fields 
(4• in 1976. B. oleracea was grown after a harvest 
of R. sativus. -0 -  P.rapae; -0 -  P. melete. 

and mid September .  A t  the same time, the number  of eggs  of P. melete changed 

sl ightly.  Th is  difference might  be pa r t ly  due to the difference in the synchronism of 

emergence  of adul ts  of P. rapae and P. melete in a hab i ta t  and par t ly  due to the 

difference in dispersal  rad ius  of adults .  But this  may  also be fundamenta l ly  due to 

the difference in the innate nature  of egg product ion of both species. 

Dai ly egg number  laid per female of P. melete and P. napi were observed in the 

field cages. The  resul ts  are  shown in Fig .  15 together  wi th  oviposit ion pa t te rn  of 
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Fig. 15. Dai ly egg numbers laid per female in the field 
cages. -Q- 19. rapae (adapted from TAKATA and ISIDA, 
1957) ; "'0"" 19. melete (1976) ; "'A'- P. napi (1978). 

P. rapae reported by TAKATA and ISHIDA (1957). Females of P. rapae laid explosively 

more than one hundred eggs on the second or third day after emergence, and then 

the number  of eggs laid rapidly decreased. Females of P. melete also began to lay 

eggs on the second or third day after emergence and continued to lay some constant  

numbers  of eggs for about 10 days. The oviposition pat tern of P. napi was similar  

to that of P. melete. 

As mentioned above, the pat terns of daily egg laying were much different between 

P. rapae and P. melete. Besides, the dispersal radius of mature  females were also 

different between them. The sexually matured females of P. rapae become resident 

in a habi ta t  and lay eggs abundant ly  within a short period there. Females  of P. melete 

show a tendency to lay eggs in a wider area than P. rapae. These differences may be 

reasonable for the observed pat terns of egg deposition in a habitat.  

(5) Spatial distribution pattern of  habitats 

Spatial distr ibution patterns of habitats  for the three Pieris species are shown in 

Fig. 16 and Fig. 17. Main nectar plants visited by some species of three Pieris 

species in middle June, 1977, are shown in Table 3. Main oviposition plants were 

Table 3. 

Nectar plant 

Compositae Erigeron annuus 

Leguminosae Trifolium repens 

Compositae Cirsium japonicum 

Saxifragaceae Deutzia crenata 

Betulaceae Castanea crenata 
. . . . . . . . . . . . . . . . . . . . . . .  

Main nectar plants visited by Pieris spp. in middle and late June, 1977. 

P. rapae 

35.9?6 

24.6 

16.9 

P. melete P. napi 

15.4 9.1 

3.4 

20. 1 45.5 

36.9 36.4 

10. 7 
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Fig. 16. The  spatial  distribution pat terns of subsites for each Pieris species in 
,middle and late June, 1977. The  distances from the northernmost  subsite to 
each subsite in which ei ther  oviposition plants or nectar plants, or both grew 
are plotted in the  abscissa and abundances in acreage of oviposition plants 
(solid line) and/or  nectar plants (dotted line) in each subsite are roughly 
represented by the height  of the bell shape. The  height  of oviposition plants 
for P. napi does not show the abundance, but shows the existence of these 
plants. The  width of the base of bell shape indicates the  size of the subsite 
and solid part in the  bell shape indicates the acreage with both plants coexisting. ~ 
Bars show the  number  of males captured per day during this  period in each 
subsite. The length of arrow indicates the mean dispersal distance per day of 
butterflies. (a, females older than age-class 0 and males of P. rapae; b, age-class 
0 females of P. rapae; c, P. melete). 

Brassica oleracea var. capilata and Raphanus sativus var. hortensis for P. rapae and 

P. melele, Cardamine appendiculala for P. melele and Arabis hirsuta for P. napi. 

Total abundance in acreage of oviposition plants (solid line) and/or nectar plants 

(dotted line) in each subsite are roughly represented b y t h e  height of the bell shape 

in Fig. 16. Solid part  in the bell shape indicates the acreage of both plants coexisting, 

The number of butterflies of each subsite tended to be large when the solid parts of 

its were large. Each of them was regarded as a patch of habitat. If the distance 

between adjoining patches,(subsites) shown in Fig. 16 was shorter than trivial flight 

distance of females per day, these patches were considered to be a single habitat. 

According to this consideration, Fig, 16 is reduced to Fig. 17. In Fig. 17, vertices of 

adjoining solid bell shapes (patch of habitats) within the trivial flight distances of 

f ema le s  in Fig. 16 are joined by a line. The height i n  Fig. 17 shows the  relative 

abundance of habitat resources for each Pieris species. I t  can be seen i n t h i s  figure 
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Fig. 17. The spatial distribution patterns of habitats for each Pieris 
species in middle and late June, 1977. This figure is redrawn from 
Fig. 16. The details are described in the text. The height shows 
the relative abundance of habitat resources for each Pieris species. 

that  habitats  are continuously distributed for age-class 0 females of P. rapae, but for 

males and females older than age-class 0 those are isolated from each other. In the 

latter, butterflies could utilize only one patch. For P. melete, the distance between 

adjoining patches appears to be shorter than trivial flight distances, and so habitats 

are distributed continuously for them. Each patch may form discontinuous habitat  for 

P. na pi. ~ 

DISCUSSION 

Newly emerged females (age-class O) of P. rapae tended to move for some km 

away from a native subsite where they emerged even if the subsite was very suitable 

for adult life, while females of this species older than age-class 0 became resident. 

Mean adult age of individuals belonging to age-class 0 was estimated to be less than 

3 days after emergence, and the pre-ovipositional period of females was around two 

days in field cages (TAKATA and IsItIOA, 1957). Consequently it seems likely that 

sexually immature, mated females just after teneral stage emigrate immediately and 

invade other suitable areas. JOHNSON (1969) pointed out that migration or adaptive 

dispersal was often performed by pre-reproductive females having immature ovaries. 

The migration of young females of P. rapae fits his theory. Thereafter,  they become 

strongly resident and begin to lay eggs explosively within such suitable areas. 

SHAPIRO (1970) pointed out that the migration of P. protodice was caused by sexual 

interactions in a densely crowded habitat. From the facts mentioned above, the 

migration of females of P. rapae may possibly be caused by sexual interactions in 

dense populations, but their migration would occur anyway due to the innate nature 
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of the post-teneral flight. 

O n  the other hand, males of P. rapae were strongly resident within suitable native 

habitats judged by high rate of recapture, and hence males tended to accumulate in 

such habitats, which led to predominance of males in the adult populations. Since 

females can mate already in the teneral stage, the high density of males would 

certainly increase the percentage of fertilized females before dispersing. 

WATANABE (1958) and OSADA and IT6 (1974) studied dispersal of P. rapae by 

using the mark-recapture method, though not so intensive. WATANABE estimated 

that males were resident and females were more dispersive. This is in essential 

agreement with the conclusion of the present paper. 

Males of P. melete of any age-class dispersed gradually from the releasing points, 

and their mean dispersal distances were estimated to be about 1 km from places of 

emergence for 2 weeks. 

Females of P. melete do not migrate so extensively as females of P. rapae in 

age-class 0, but they tended to disperse gradually like the males. Consequently, they 

are considered to lay about 30 eggs per day for about 10 days in a relatively wide 

area. But their dispersal range is limited to such an extent that in the study area of 

about 3•  kin, the population of P. melete was divided into three sub-populations 

by slightly elevated ridges and the forests. 

Adults of P. melete of the second generation in August were strongly resident 

within small sites where both nectar and roosting-sites were available. 

The mode of life of P. napi is not understood definitely at present. Males of 

P. napi appeared to be strongly resident within suitable habitats. Females were more 

dispersive than males. The dispersal distance of females of P. napi was shorter than 

that of females of P. rapae in age-class 0, and the radius of trivial movement was 

narrower than that of P. melele. 

SOUTHWOOD (1962) pointed out that migratory behaviour has evolved particularly 

in the species which utilize temporary habitats. Main oviposition plants for P. rapae 

are cultivated plants (OHSAKI, 1979), SO its habitats periodically become adverse for 

breeding or often disappear during harvests, and P. rapae can utilize a habitat for 

only one or two generations. Consequently, displacement of P. rapae among habitats 

is indispensable to maintain the populations, so the remarkable migratory movement 

in the pre-reproductive stage of females is undoubtedly adaptive for this species. The 

reproductive females of P. rapae become strongly resident within the subsites where 

they have invaded, and lay eggs abundantly for fcw days. In this way they increase 

reproductive efficiency. 

In P. melele, oviposition plants are wild cruciferous plants which are perenial, 

and the niche breadth of P. melete is wide. Thus, it can be said that they live in 

permanent habitats. Consequently, it would not be necessary for P. melele to do 

migratory movements for displacement among habitats. But distances between resources 
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of P. melete were longer  than those of P. rapae (OHSAKI, 1979), and hence the range 

of t r ivial  movement  of P. melete is wider  than that  of P. rapae. As niche bread th  of 

P. melete was  wide, the resources  avai lable  for P. melete could be found anywhere ,  

and shaded regions like forests,  which const i tute  a s t rong bar r i e r  for t r ivial  movements  

of P. rapae, do not d i s turb  movements  of P. melete. Consequently,  P. melete would 

g radua l ly  disperse  f rom emergence  sites. 

The  habi ta t s  of P. napi were permanent ,  but  the niche breadth  was na r row due 

to its res t r ic t ion to use na r row ranges  of host  species, so the hab i ta t  would be more 

localized than tha t  of P. melete. Consequently,  P. napi would be re la t ive ly  sedentary.  

Uti l izat ion of the hab i ta t s  by  adul ts  of P. rapae and P. melete is schemat ica l ly  

shown in Fig .  18. 

DINGLE and ARORA (1973) compared  three species of Afr ican  cot tonsta iner  bugs  

by  a te thered fl ight technique, and pointed out that  the h igher  the f l ight  ab i l i ty  was, 

/ 

. 

Fig. 18. Schematic representation of the utilization of habitats by 
the adults of P. rapae and P. meleCe. Squares indicates the habitats 
(subsites). Solid parts indicate the periods of larval development in 
successive generations. Arrows indicate migratory movements (solid 
line) and non-migratory movements (dotted line) of adult females. 
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the higher the reproductive potential was also. 

Pieris could be described in terms of r -K strategy (MACARTHUR and WILSON, 

1967; GADGIL and BOSSERT, 1970). SOUTHWOOD et al. (1975) suggested that r-K 

selection spectra could be found in all taxa, for example, birds and Lepidoptera, 

associated with stability of habitat, number of generations, fecundity and so forth. 

The estimated number of generations of P. rapae, six generations, was twice as 

many as those of the other two species. But there were few differences in the 

developmental period from egg to adult under a constant temperature among the three 

species (OFIsAKI, unpublished data) : P. rapae preferred the oviposition plants growing 

in sunny situations, while P. melete and P. napi preferred those in shaded situation 

(OHSAKI, 1979), SO warmer air temperature in the habitat of larvae of P. rapae brings 

about rapid development of larvae. Furthermore, almost all of eggs are laid for a 

few days after the pre-ovipositional period. These habits of P. rapae may heighten 

the intrinsic rate of increase under natural conditions. 

P. melete is probably more of a K-strategist than P. rapae, because this species 

continued to lay some constant numbers of eggs every day, and eggs of P. melete 

were scarcely laid on those plants in autumn when there were few available oviposition 

plants. Actually, seasonal fluctuation in the number of captured adults of P. melete 

was more damped than in P. rapae. 

P. napi may be more similar to P. melete than P. rapae. 

The larvae of P. rapae are attacked heavily by a parasitoid, Apanteles glomeratus. 

P. rapae may escape to some degree from attack by this parasitoid as a result of 

migration Of pre-reproductive females. 

Interestingly, P. melete was not attacked by A.glomeratus. SATO (1976) indicated 

that the eggs of A.glomeratus deposited in P. melete were killed by the physiological 

defence reaction of the host, i.e., encapsulation by host hemocytes. It is interesting to 

consider this fact in connection with the resident habit of P. melete. PIANKA (1970) 

pointed out that K-strategist live in stable habitats, but on the other hand, they have 

been surrounded by many natural enemies and competitors, and they have survived 

within such environments. P. melete lays eggs over the whole area of relatively 

permanent habitats, and its mode of oviposition may lessen the fatal destruction of 

larval populations by local mortality factors like predations, and may avoid the danger 

of starvation caused by overcrowding. Though SATO (1976) pointed out that P. napi 

could be attacked by A.glomeratus under laboratory conditions, the details of parasi- 

tization under the natural conditions are not known. 

SUMMARY 

Utilization of patchy habitats by adult populations of three Pieris butterflies, 

P. rapae, P. melete and P. napi was studied throughout the flight season in an area of 

their coexistence, about 3•  kin, in a farm village in the mountains in Inabu, 
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Aichi Prefecture. Field s tudy was b y  the mark-recapture  method.  Results were 

analyzed by dispersal distances and recapture duration decay curves for adults of 

different age-classes estimated on the basis of physical condition of their wings, 

together with supplementary  information of daliy egg-laying rate of females, obtained 

in field cages. 

Sexually immature ,  mated femals of P. rapae after teneral stage showed a 

migra tory  flight. On the other hand, reproductive females and all males of P. rapae 

were s trongly resident within suitable habitats,  and reproductive females begun to 

lay eggs abundant ly  at  sunny  places of newly suitable areas within a short  period.  

P. rnelete seemed to disperse gradual ly from emerged  stites and females of this species 

continued to lay some constant  numbers  of eggs for more than ten days over a wider 

area. P. napi appeared more like P. melete than P. rapae. 

The habi tats  of the three species can be characterized as fol lows:  P. rapae, 

temporary,  continued for pre-reproductive females bu t  localized for reproductive 

females and all males, and uns t ab l e ;  P. melete, permanent ,  widespread, and stable;  

P. napi, permanent ,  localized, and stable. 

The numbers  of generations of P. rapae, P. melete and P. napi were estimated to 

be a b o u t  six, three and three, respectively. Seasonal fluctuations in the number  of 

adults  were influenced by the stabil i ty of their hab i t a t s ,  i.e., the population size 

fluctuated sharply in P. rapae, but  it was much more stable in P. melete and P. napi. 

In  view of these results, it can be said that P. rapae fits the general characteristics 

of a r-s trategist ,  whereas P. tnelete and P. napi are more K-s t ra tegic  than P. rapae. 
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