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The life cycle of the birthwort swallowtail butterfly, Atrophaneura alcinous depended 

on both climatic and biotic factors such as quality of food plant, temperature, 

photoperiod, starvation and crowding. Not only the induction of diapause, but also the 

period of diapause depended on photoperiods. The period of diapause depended on 

various other factors that affected diapause incidence, such as isolation, food quality, 
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temperature and food deprivation. The variability was observed not only among popula

tions but also among individuals within a population, causing the life cycle to split 

within the population. Three populations of A. alcinous from Kobe (Hyogo Prefecture, 

Japan) were characterized by the habitat, food plant, behavior, coloration, diapause 

response, growth rate, body size and temperature tolerance. i.e., woody species vs. weedy 

species, The data suggests that an open-land population has a simple life cycle, produc

ing more annual generations, whereas a wood-land population is polymorphic, 

diapausing at different phases of its life cycle. The split life cycle was attributed to 

adaptation to avoid occasional exhaustion of food plants due to overcrowding caused by 

the escape from the predation by sequestered toxic substances derived from the host 

plant. Stable wood-land habitat may favor temporal escape strategy from population 

catastrophe by diapause, whereas unstable open-land habitat may favor migrant r

strategists to spatially escape such a catastrophe. 

Key words: Life cycle, Diapause, Atrophaneura, Swallowtail, Aristolochia 

Introduction 

The birthwort, Aristolochia contains four distinct 

species; two, A. kaempferi and A. onoei, are woody 

forms growing in more or less shady environment, 

and the others, A. debilis and A. contorta, are weeds 

covering open-land. The two groups are distinct not 

only in the habitat but also morphology and demo

graphic characteristics. 

Atrophaneura alcinous, a swallowtail butterfly, 

feeds on both types of birth wort species. Since the 

host plant contains noxious substances that help the 

butterfly to build up a high population density by 

avoiding bird predation, they sometimes completely 

defoliate the host, which leads to the starvation for 

the insect. Since the noxious substance is also a feed

ing stimulant for the insect and sequestered in the 

insect body, the larvae frequent the cannibalism 

when starved (Nishida and Fukami, 1989 a; 1989 

b). The two types of habitats were distinct in bird 

predation, heavy in the woods compared to the 

open-land, and in the amount of solar heat radiation 

and desiccation during summer. Thus, butterfly 

populations occurring in the two types of environ

ment may build different demographic characters in 

their life cycle. The top of the Rokko Mountains is 

covered by A. onoei var arimaensis which is gradu

ally replaced by A. debilis toward the mountain foot. 

The swallowtail, A. alcinous is common in the 

mountains and the outskirt. 

This study compared the developmental and life 

cycle traits in three populations of A. alcinous from 

distinct habitats in and around the Rokkos. 

Materials and Methods 

Insects and the habitats 

The Aina stock (AN) : Eggs laid by more than 

ten pairs of spring morph adults collected in May 

1987 in Aina, Yamadacho, Kobe (34° 42' N 135° 18' 

E), were supplied for the subsequent experiments. 

This stock feeds on A. o. var arimaensis growing on 

the north and west slopes of the Rokko and Tanjo 

Mountains along the Arima-Takatsuki Land Gap 

(fault) . 
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This population may be characterized as the "hill

side population". The host plants form small cohorts 

scattered around the area where small populations 

of the swallowtail succeed generations. The butter

fly populations probably form a continuous large 

population since the birthwort cohorts are not dis

tinctly separated from each other. Field observation 

made in 1987 confirmed a large number of flights in 

May-June, a small number of flights in July-August 

and almost no flights in September, implying that 

this population had basically a bivoltine life cycle in 

this habitat. 

Adjacent to this habitat (Teradami, Hazeya-cho, 

Nishi-ku, Kobe), A. debilis grows, on which another 

population of the swallowtail infests. The two types 

of the butterfly populations were distinct in their 

flight patterns; the AN butterflies flew along the 

shady hedge of the woods bordering the vegetable 

field, whereas those infesting A. debilis flew slowly 

as if drifting above the sunny field. The latter popu

lation seemed to have a bivoltine or trivolitine life 

cycle. 

The Oakushu-no-mori stock (OM): The stock 

was established from spring morph adults collected 

in May, 1987 in the Oakushu-no-mori Study Forest 

in the Kobe Municipal Arboretum. The habitat is 

located less than 10 km away from the AN collec

tion site. Both habitats are separated by Suzurandai 

residence area. This population also feeds upon A. o. 

var arimaensis which forms a biggest patch together 

with the east slope population 10 km away from it. 

The butterfly population harbored in this patch was 

probably not more than 100 adults. The life cycle 

pattern was basically bivoltine; the first peak of 

adult flights occurring in mid-late May and the 

second peak occurring late July-early August. The 

autumnal flight (September) did occur but was 

rare. The life cycle pattern of this stock may, how

ever, be complex in the field, since occasionally 

smaller spring morph adults fly together with larger 

summer morph in July-August season. The adults 

flew along shady paths but occasionally appeared in 

the modestly bright valley. This population may be 

characterized as the "wood-land" population. 

The Y odogawa stock (YD) : The stock was estab

lished from the adults collected in the Yodogawa 

riverside by Dr. R. Nishida of Kyoto University, 

Pestcide Research Institute. This population infests 

a weedy species, A. debilis and the life cycle pattern 

was estimated as trivoltine or tetravoltine. This may 

be characterized as the "open- land" population. The 

adults fly about sunny riverside. 

Rearing 

Larvae were fed with fresh leaves of A. o. var 

arimaensis throughout the experiment. The experi

ment was made twice in 1987, May-June and June

August. Since they occasionally had prolonged 

pupal stage even under long-day conditions, two 

crowding conditions were experimentally set up. 

The "mass culture (MC)" condition kept four lar

vae in a plastic container of 11 cm across and 6 cm 

tall ("shallow cup") during the first three instars 

which were thereafter transferred to another type of 

container of 11 cm across and 9.5 cm tall ("deep 

cup") and kept individually or with one "room

mate." The "single culture (SC)" condition kept one 

individual in the same container condition through

out its development as the "mass culture." The 

"starvation (SV)" condition deprived the larvae, 

kept in the MS, of the food plant every other day 

until 10 days after hatching. The incidence of larval 

molting in MC was counted by the renewal of old 

skin individually marked by a felt pen on the 

dorsum. 

Pupae were kept in the same condition as they 

were reared as larvae, though the AN pupae of the 

second generation raised at LD 13: 11, 25°C were 

divided into two groups which were exposed to LD 
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16: 8, a long-day and to LD 13 : 11, a short-day to 

examine the effect of photoperiods on pupal period. 

One group of long-day grown GN pupae, which 

entered diapause, were chilled on a schedule as 

follows: 10 °e for a month, 5 °e for a month and 10 

°e for a month. The other group was kept where 

they had grown. Starved pupae grown under a long

day also passed this chilling schedule. After re

turned to 25 °e, they were kept under LD 16: 8. 

Results 

Larval period 

Table 1 showed the larval periods of the three 

populations when raised at LD 16: 8,25 °e, compil

ing both male and female data, since the sex ratio 

(females / males plus females) was not heavily 

biased, i. e., 0.535 for AN, 0.444 for GM and 0.535 

for YD. The larval period was usually longer in 

females; 16.85 ± 1. 39 (N=20) vs 15.70 ± 1.66 days 

(N=23) in AN and 18.50 ± 1.02 (N=60) vs 17.09 

± 1.51 days (N = 69) in YD for the first generation 

and 25.58 ±3. 80 (N= 12) vs 21.14 ± 1. 350 days (N 

=7) in AN and 26.50±2.190 (N=24) vs 28.40 ± 

4.37 days (N = 15) in G M in the second generation. 

The first generation grew basically in a diapause

free manner, whereas the second generation entered 

diapause in high percentages even under a long-day 

condition, which is reflected also on the large differ

ence in larval period between the generations. The 

larval period was affected by the developmental 

program which later instituted diapause. The SC 

larvae took more time to pupate (Table 1), which 

"wasted" some 169.8 degree-days. The strain differ

ence was not pronounced (Aspin-Welch test, p> 
0.05), though a slight elongation was observed in 

the GM stock, which occurred in the second genera

tion also: 23.95±3.78 (N=19) in AN vs 27.23 ± 

3.29 days (N=39) in GM. 

The larval period was extended considerably by 

starvation, namely 27.23 ± 3.29 (N=39) in MC 

whereas 32.58 ±2.56 days (N=50) in SV. The dif

ference was highly significant (Aspin-Welch test, p 

Table 1 Larval periods of three populations of A. alcinous raised at LD 16: 8, 25 °e, fed with A.onoei 
var arimaensis. Both males and females were combined. Means in days and (SDs) 

Stock Generation Instar N 

density!) II III IV V 1- V 

1M 3.37 1. 54 2.45 3.21 5.54 16.23 43 
0.04) (0.67) (0.51) (0.60) (0.77) (1. 63) 

AN 
11M 23.95 19 

(3. 78) 

1M 3.00 1. 86 2. 18 4.00 7.04 18.04 27 
(0) (0.36) (0.39) (0.61) (1. 06) (1. 37) 

GM 
I S 22.37 12 

(4.98) 

1M 2.19 2.42 3. 15 3.60 6.51 17.74 129 
(0.44) (0.59) (0.64) (0.64) (0.90) (1. 48) 

YD 
11M 27.23 39 

(3.29) 

1) M: mass culture, S: single culture, I: first, II: second generation. 

-160-



Life Cycle Differentiation in Atrophal1eura a/cil1ous. 

< 0. OJ) 

Figure 1 illustrates the difference between the 

larvae destined to diapause and those to non· 

diapause. Larval development was severely retarded 

at 30 °C; the retardation was estimated as 8.73 days 

(181. 7 degree-days) from the "highest velocity" 

extrapolated from the 20 °C and 25 °C data, pro

vided that the development was 'normal' at both 

temperatures. The threshold temperature for "nor· 

mal" development was estimated as 10.54 OC and 

the required heat units for larval development as 

310.2 degree-days from the "normal" development 

at 20 and 25 "C. 

Although diapause-destined larvae grew more 

slowly, photoperiodic effect on the larval period per 

se was not detected, since nondiapause individuals 

took 21. 46 ± 1.13, and 21. 50 ± I. 73 days to pupate 

at LD 16: 8 and 14: 10, respectively and diapause 

individuals took 27.38 ± 3.42, 26.25 ± 2.30 and 

26.50 ± 1.68daysatLD 16 :8, 14:\0 and \3:11, 

respectively. 

In summary, 1) males generally had shorter 

larval period than females, 2) the AN stock had 

shorter larval period than the GM stock, 3) larvae 

destined to diapause at pupae had longer larval 

period than larvae destined to non·diapause, 4) first 

40 .04 
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Fig. 1 Larval period Cd) (closeed circles) and developmental quotient ( 1 
/ d)(triangles) of the second generation AN larvae of A. alcinous destined 
to nondipause, when they were reared at LD 16: 8 and larvae destined to 
diapause (open circles). Vertical lines indicate the standard deviation. (The 
shaded is heat units wasted for high temperature-induced developmental 
delay) . The wasted heat units were nearly 50% . Small closed circle was a 
projected larval period at 30 °C, if no delay was caused, which was extrapo· 
lated from the 20 and 25 °C data points. 
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generation larvae had shorter larval life than second 

generation larvae together with smaller variance, 5) 

temperature higher than 30 DC slowed down the lar

val development, 6) the threshold temperature for 

larval development was estimated as 10.54 DC and 

heat units required for larval development as 310.2 

degree-days unless the development was affected by 

diapause program, 7) photoperiod did not affect the 

rate of larval development when diapause was not 

programmed, and 9) starvation and isolation pro

longed the larval period. 

Pupal period and diapause 

Pupal period depended on 1) the ambient tem

perature (Fig. 2) , 2) the sex (Fig. 3) , 3) the stock 

slightly (Table 2) , and most strongly 4) the 

diapause program but not on the generation (Table 

III 
>-
'" ." 

." 
o 

20 

.~ 10 
c. 
Iii 
~ .. 

...J 

3) nor rearing density (Table 2) . The pupal period 

may be determined by combination of these factors 

but when all data from LD 16: 8, 25 DC were com

pi led, the mean periods of male pupae in the three 

stocks ranged between 11.6 and 12.4 days whereas 

those of females between 12.0 and 13.3 days, shorter 

in males than in females (Table 2) . Figuse. 2 also il

lustrates this difference in a temperature range be

tween 20 and 30 "C. 

The threshold temperature (t o) for pupal devel

opment was estimated in the AN stock as 7.47 °C, 

from the regression line for the rate of development 

at the three temperatures, and heat units required 

for pupal development as 234.8 degree-days (t o = 

7.47 "C). However, 30 'C seemed to be too high for 

pupal development. Therefore this oint was 

.1 

~ 
'" :!;! 
~ 

~ 
.05 ~ 

E 
c. 
o 

~ 
o 10 20 

Temperature, oc 
30 o 

Fig.2 Pupal period (d) and developmental quotient ( I / d) (triabgles) of 
the 2nd generation AN pupae of A. alcinous at LD 16: 8. The regression 
was made either based on 20 and 25 "C points (dotted line) assuming that 
the 30 DC point suppressed normal development or based on 20, 25 and 30 
DC points assuming that the 30 °C data point is normal. The shaded is a 
possible high temperature retardation of development. Closed circles are 
mean values for males, whereas open circles for females. The small closed 
is the extrapolated value from linear regression based on 20 "C and 25 
"C data. 
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excluded and 159.3 degree-days (to = 12.3 °e) were 

estimated base only on the 20 and 25 °e data (Fig. 

2). At least several days seem to be wasted at tem-

30 

o 

(1) 
(.) 
C 
(1) 
C) 

20 '-
Q) 

E 
Q) 

tn 
::: 
::l 

"C 
C'CS q .... 
0 
'-
Q) 
.Q 

10 E 
::l 
Z 

? ...... , 
12 14 16 

Days after pupation 

Fig. 3 Difference in pupal period between the two 
sexes of A. alcinous when they were kept at 25°e, 
LD 16: 8. The second generation of YD stock was 
used. Males (closed circles), whereas females 
(open circles). 

peratures higher than 30 °e (shaded area in Fig. 2) 

This waste could be an incipient summer diapause. 

Pupal period was shortest in the AN stock, being 

12.02 ±0.67 days (N=43), whereas those of the 

OM and YD stocks were 12.50±0.51 (N=24), and 

12.57 ±O. 90 (N= 124) days, respectively. The sin

gle culture resulted in a slight elongation in pupal 

peirod (Table 2). 

The diapause incidence illustrated the distinctness 

of the three stocks most clearly. For example the 

OM stock produced diapause pupae even when 

reared under a long-day condition; 25 % of the SC 

larvae (N= 12) and 14.7% of the MC larvae (N= 

34) in the first generation, whereas no diapause was 

induced in the other stocks in this condition. In the 

second generation, however, the AN stock also pro

duced significant numbers of diapause pupae at LD 

16: 8, 25 °e, whereas 100 % (N=39) OM pupae 

entered diapause. The diapause pupae were deter

mined as surviving pupae for more than 80 days 

without emerging. Figure 4 illustrates the effect of 

ambient temperature (A) and photoperiod (B). 

High temperature and long day conditions tended to 

suppress diapause. The switch, however, was not 

sharp and substantial number of pupae entered 

diapause even at LD 16: 8, and substantial number 

of pupae emerged promptly without diapause at LD 

14: 10. The regression line of Fig. 4 (left) estimated 

that 50 % diapause should be obtained at 24. 1 °e, 

100 % diapause at 14.8 °e, and 0 % at 33.2 °e. The 

Table 2 Pupal periods in three populations of A. alcinous for diapause-free 
development of the 1st generation reared at LD 16: 8 

Stock culture I) Males eN) Females eN) 

AN M 11. 87 ± O. 69 23 12.20 ± O. 62 20 

M 12.40 ± 0.52 10 12.57±0.51 14 
GM S 12.83 ± O. 58 13.33 ± O. 58 3 3 

YD M 12.24 ± O. 82 69 12.97 ± O. 84 57 

1) M: mass culture, S: single culture. 
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Fig. 4 Photoperiodic regulation of diapause in the second generation AN stock of 
A. alcinous at 25 DC (right) and temperature effect on the determination by LD 16 
: 8 (left). Lines drawn to x-axis show critical photoperiod and temperature. 

critical photoperiod at 25 DC was estimated as 15 hr 

28 min (Fig. 4, right). The reverse response, how

ever, appeared at 20 DC, diapause incidence 73.7% 

at LD 16: 8 (N= 19), whereas 38.9% at LD 14: 10 

(N= 18). 

The intensity of diapause varied between the two 

generations. All diapause pupae (N = 8) of the G N 

stock obtained in the first generation surpassed 180 

days, when kept at LD 16: 8,25 DC, whereas those 

of the second generation (N = 21) started emerging 

before 90 days after pupation and only two individu

als stayed in diapause beyond 200 days in the same 

condition. No diapause pupae were obtained at LD 

16 : 8, 25 DC with the AN stock in the first genera

tion, whereas diapause pupae appeared in the second 

generation (N = 5) from which adults emerged 

between 99 and 144 days. Diapause pupae grown 

under LD 14: 10 stayed longer in diapause, namely 

80 % in diapause for more than 200 days. 

To investigate if photoperiods during diapause 

affected the diapause period, the two groups of 

diapause pupae grown under LD 13: 11 were kept 

either under LD 16: 8 or 13 : 11 at 25 DC. The long-

day induced emergence between day 102 and day 

181, whereas the short-day induced the first emer

gence on day 131 and 50 % stayed in diapause for 

more than 200 days. Photoperiods affected diapause 

period during pupal stage also at 20 DC. All diapause 

AN pupae completed pupal development within 200 

days when diapause was induced and the pupae were 

subsequently maintained at LD 16: 8, whereas 40 % 

stayed in diapause for more than 200 days when 

diapause was induced and the pupae were subse

quently maintained at LD 14: 10. The effect of tem

perature during diapause was minimal, since the 

modal days of emergence fell between 120 and 140 

days at the three temperatures examined. 

The chilling as scheduled in Materials and 

Methods greatly accelerated diapause development, 

since 21 GM diapause pupae emerged on day 85 

when maintained at 25 DC, whereas the first emer

gence occurred 14 days after transfer to 25 DC fol

lowing the 30 day chilling schedule and 83 % (N = 

12) completed emergence within 70 days following 

the chilling. 

The starvation intensified diapause, since 33.3 % 
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diapause OM pupae (N=30) which were deprived 

of food every other day for the first 10 days during 

feeding, stayed in diapause for more than 70 days 

after they passed the same chilling schedule whereas 

only 8.3 % "normally fed" pupae stayed in diapause 

for more than 70 days. 

Figure 5 illustrates the survival of the three 

stocks. The OM stock showed the highest mortality 

especially at pupal stage. The mortality was then 

investigated at three temperature conditions with 

the AN stock (Fig. 5). Although larval develop

ment was retarded at 30°C as shown in Fig. 1, 

larvae survived this temperature but with high mor

tality during pupal development. 

Size and weight of pupae showed an opposite 

trend between the generations. The smallest pupae 

of all three stocks were obtained in the OM stock in 

the first generation, 26.53 ± 1. 19 mm long and 

13.79 ±0.95 mm wide vs 27.09 ±0.84 mm long and 

13.81 ±O. 70 mm wide in the AN stock, and 27.41 

±0.96 mm long and 14.41 ±O. 70 mm wide in the 

100 o~~._._. 
()-()-() ............... -.-. 

-() 
o~o-o-o---() 

80 
~O\ 

o 

60 

II III IV V P A 

YD stock. 872 ± 115 mg pupae (N= 19) were ob

tained in the AN stock in the second generation, 

whereas 991 ±93 mg pupae (N=39) in the OM 

stock. Unexpectedly, starved larvae (N=50) be

came heavier pupae, namely, 1027 ± 121 mg. The 

temperature effect on the pupal weight was small, 

since pupae resulted in 886 ± 138 (N=20), 872 ± 

115 (N= 19) and 870 ± 124 (N= 19) mg at 30, 25 

and 20°C, respectively, and so was photoperiodic 

effect, since 872 ± 115 (N= 19), 858 ± 130 (N= 14) 

and 901 ±98 (N=22) mg pupae were obtained at 

250 C, LD 16: 8, 14: 10 and 13 : 11, respectively. 

SC larvae became slightly smaller pupae; 25.73 

±2.15 mm long and 13.09 ± 1.14 mm wide (N= 

12) vs. 26.53 ± 1.19 mm long and 13.79 ±O. 95 wide 

in the MC (N=34). 

Discussion 

The life cycle of A. alcinous was regulated mainly 

by photoperiodic induction of pupal diapause which 

was further fine-tuned by various factors such as 

100 

80 

60 

o 
----- - -------~ 

P A 

Developmental stage 

Fig. 5 The survivorship curve of three stocks of A. alcinous in the first generation (left). 
Closed circles, AN; semiclosed, YD and open, OM and the effect of ambient tempera
ture on the survival of the second generation AN stock (right). Closed circles, 20°C; 
semiclosed; 25°C and open, 30°C. I, II, III, IV, and V indicate larval instars, P, pupa, 
and A, adult stage. 
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temperature, food quality, crowding and starvation. 

Such complex fine-tuning of life cycle characterized 

the three populations used here as an open-land 

(YD) , a hillside (AN) and a woodland (OM) 

population. Although the open-land and woodland 

habitats were not widely separated, gene flow 

seemed to be restricted to some extent, since wing 

patterns of adults, pupal coloration and color of 

pupating thread are slightly differentiated (Kozuki 

et al., 1992) as well as behaviour, diapause and other 

developmental characteristics. For example, the 

critical photoperiod for diapause induction was esti

mated in this study as 15 hr 28 min in OM, whereas 

it was 13 hr 30 min at 25 DC in Osaka, Kyoto and 

Fukui open-land populations (Ishii, 1985). 

Based on such data, Table 3 characterizes the 

three populations. Birthwort growing on riverbed is 

frequently cut or burned or uprooted. The habitat is, 

therefore, ephemeral. The butterfly occupying such 

a niche tends to increase the generation number by 

reduced diapause tendency and enhanced migratory 

ability. On the other hand, the woodland habitat is 

stable and the woody species can recover easily from 

various kinds of disturbances. The plant reproduc

tion depends more on a vegetative manner rather 

Table 3 Difference in pupal period (nondiapause) 
in the AN stock of A.alcinous between generations 
and sexes 

Generation 
Sex 

(N) II (N) 

Males 11. 87 ± O. 69 23 11. 67 ± O. 58 3 

Females 12.20 ± O. 62 20 12.75 ± O. 96 4 

than spreading seeds, which somehow limits the 

ability of wide colonization. 

Although aristrochic acid (Nishida and Fukami, 

1989a; 1989b) helps the insect to escape from 

predation, it may impose a biochemical burden on 

the insect itself, since the larval development was 

pronouncedly retarded in the second generation. 

The situation in the second generation may not be 

optimal in the woodland. The plant quality may 

decline and the crowding may prevail. Larvae may 

consume the birthwort completely. Long-day 

induced diapause in the first generation of the OM 

stock may, thus, be adaptive. If the stock built up a 

large population in later generations, it may be of 

great risk since together with cooler environment 

and limited patch size of the host, predation, food 

senescence, and cannibalism may capitulate the 

Table 4 Characterization of three habitat populations of A. alcinous 

Stock 

Chararacter 1 ) YD AN GM 
~~--- --------~~ 

Habitat riverside hillside woods 

Host plant A: debilis A.onoei A. o. a. var arimaensis 

Larval develop. intermed Fast slow 

Pupal period 

(nondiapause) long short long 

% diapause I 0 0 -- 15 
under long days II <5 --40 100 

Estimated voltininism 3--4 2 1--2 

Pupal size large normal small 

II small large 

1) I: first generation, II: second generation. 
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NEXT SPRING 

Fig. 6 Diagram showing projected life cycle patterns of three stocks 
of A. alcinous in the field based on laboratory rearing and field obser
vation. Darkly shaded box represents diapause pupae, whereas lightly 
shaded, spring form adults. Light represents summer form adults. 
Roman letters are the generations for the year. 

chance of survival. 

Figure 6 illustrates the projected life cycles of the 

three populations based on the fie ld observation and 

laboratory rearing. The GM population may split 

the li fe cycle and produce four kinds of diapause 

pupae before winter. The life cycle is not regulated 

solely by photoperiods, since the photoperiodic 

regulation was reverse in the second generation. SV 

and SC cultures also affected diapause incidence and 

the intensity. Such a mode of diapause regulation 

may provide not only a bet-hedging but also an 

opportunistic fine-tuning mechanism. 

The termination of diapause is also complex. The 

diapause period was affected by photoperiod, tem

perature. food quality and starvation. It is puzzling, 

unless considering a population hazard, why a popu

lation from more stable habitat diversified their life 

cycle. Alternative reason may be that their habitat is 

more or less isolated and communication between 

the habitat patches is limited. In such situations, 
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diapause is a favored escape mechanism over migra

tion. Montine populations in various insects are in 

many cases sedentary where the habitat patches are 

isolated, or even tend to lose hind or both wings or 

otherwise lead to microptery. 

The habitat differentiation is probably real in the 

case of A. alcinous. Frequently differentiated habi

tats are inhabited by closely related but different 

species with different life cycle characteristics 

(Ohsaki, 1979a; 1979b; 1980) but the YD and GM 

populations probably belong to the same species 

since the former normally grow on the natural host 

of the latter. Nonetheless, both environmental and 

biological parameters for the life cycles of the two 

populations may be grossly different. The genetic 

dissection for these populations are therefore of 

immense interest. 
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