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Repeated larval diapause and diapauselfree development 
in geographic strains o,f the burnet moth Zygaena trifoHi Esp. 
(Insecta, Lepidoptera) 
I. Discontinuous clinal variation in photoperiodically controlled diapause induction 

W. Wipking 
Zoologisches Institut der Universit/it K61n, Physiologische ()kologie, Weyertal 119, D-5000 K61n 41, Federal Republic of Germany 

Summary. Zygaena trifolii is a "long-day insect" with tem- 
perature-dependent photoperiodic responses. All larval in- 
stars are sensitive to photoperiod; however, diapause may 
occur at the third larval stage or any subsequent larval 
instars. There were quantitative differences within popula- 
tions in the threshold photoperiod for diapause induction. 
The diapause response was polymorphic, so that larvae 
might enter diapause at different instars under the same 
culture conditions. Furthermore, decreasing photoperiods 
below a critical daylength shifted the diapausing instar to- 
wards earlier stages. Geographic strains of Z. trifolii showed 
discontinuous clinal variation. Near the northern edge of 
the distribution [Cologne (K61n), FRG], there is first an 
obligatory diapause, mainly during early instars, and addi- 
tional facultative ("repeat")  diapauses during later larval 
instars in subsequent years. In the southern part of its distri- 
bution, this burnet moth is partially bivoltine in the field 
with a facultative first developmental arrest and a decreased 
capacity for repeated diapause (Valencia, Spain; Marseille, 
France). Further experiments indicated that the photoper- 
iodically controlled diapause reaction is also influenced by 
the number of photoperiodic cycles experienced during the 
period spent in each larval instar, which depends on temper- 
ature. The adaptive significance of obligatory and faculta- 
rive repeated diapause, varying even among the offspring 
of a single female, may be to buffer the populations against 
the more extreme and, from year to year, unpredictable 
fluctuations in climatic conditions at the northern edge of 
the distribution. 

Key words" Obligatory diapause Facultative diapause - 
Repeated larval diapause - Inter- and intrapopulational 
variation - Spreading of risk 

In temperate zones, insect species display a great variety 
of adaptations in voltinism and seasonal regulation of 

Abbreviations: L3 = feeding 3rd larval instar; L4D = diapausing 4th 
larval instar; L sD2 = repeat - diapausing larval instar with second 
diapause at the 5th larval stage; LD = light-dark cycle; KT = short- 
day conditions (e.g. LD 8:16); LT =long-day conditions (e.g. LD 
16:8) 

growth and dormancy. Within each species, different geo- 
graphic populations may either have a unique pattern of 
developmental periods and dormancies, or they may have 
several optional responses to annually changing and fluc- 
tuating weather conditions (for reviews see: Beck 1980; 
Danilevskii 1965; Danks 1987; Masaki 1961; Saunders 
1979; Tauber et al. 1986). Repeated larval diapause with 
prolonged developmental periods seems to be rather unusu- 
al in insect life-cycles and has so far only been recorded 
occasionally (Barnes 1952; Falkovich 1979 ; Harvey 1967; 
Lounibos and Bradshaw 1975; Matthes 1953). 

This study concentrates on the photoperiodic response 
curves for the first and subsequent, facultative, diapauses 
in Zygaena trifolii. An important question to be answered 
is how the obligatory first diapause of the northern strains 
may have developed from the facultative diapause of south- 
ern populations. Therefore, special consideration will be 
given to the question of how the photoperiod regulates the 
onset of diapause at different larval instars. 

First observations on the seasonal development and 
generation time of burnet moths were given by Dorfmeister 
(1853, 1854, 1855). Further contributions by Burgeff (1910, 
1921, 1965, 1971), Dryja (1959), Holik (1937, 1939), Nau- 
mann (1985), Naumann and Tremewan (1980), Seipel 
(1980, 1981, 1982), Tremewan (1977), Uebel (1974, 1983) 
and Wiegel (1972, 1973) on the regulation of dormancy 
are inconsistent with respect to the dominating factors that 
control diapause, but the field observations can be summa- 
rized as follows: 

In univoltine populations, fully grown larvae will pupate 
after 6 or 7 regular larval instars and additional diapausing 
stages at the end of June in a cocoon attached to twigs 
or sprays. The adults fly during the day for 2-3 weeks in 
July. Until the end of September, the young larvae of the 
succeeding and hibernating generation enter diapause, 
which is characterized by molting to a non-feeding decolor- 
ized morph of smaller size. It is characteristic of all Zygaena 
moths that the generation time of the specimens varies 
markedly among the offspring of a single female, ranging 
from one to several years; this is a consequence of variation 
in the number of larval dormancies as well as their dura- 
tion. 
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Materials and methods 

Laboratory experiments were conducted with larvae of Z. 
trifolii Esp. from Spanish, French, and German stocks 
(Fig. 1). This atlantomediterranean burner moth is eury- 
topic in SW Europe. At the northern boundary of its distri- 
bution, the moth is essentially restricted to limestone habi- 
tats and the margins of wet meadows with the larval host 
plants (Lotus spp., Fabaceae) (Wipking 1985). 

All stocks were bred from egg-batches from at least 
three wild-captured females to reduce the intrapopulational 
variation in diapause reactions. No statistically significant 
difference in the percentages of different diapausing instars 
was found (U-test, P > 95%, n = 494) between larvae of the 
first three laboratory generations from the Valencia and 
Marseille stocks, tested simultaneously. Differences be- 
tween groups were tested by the Mann-Whitney U-test, and 
accepted as significant within P <  5%). 

The larvae were reared on fresh leaves of Lotus cornicu- 
latus L. in small plastic cases at 20 ~ C and at different con- 
stant photoperiods ranging from L :D  8:16 to 18:6. In order 
to test the effects of temperature on photoperiodically con- 
trolled diapause induction, further breeding experiments 
took place under additional temperature and photoperiodic 
conditions (LD 16:8 at 11 ~ 15 ~ 20 ~ and 25 ~ C; LD 13:11 
at 15 ~ 20 ~ and 25 ~ C). In order to obtain photoperiodic 
response curves for diapause induction, the larvae were 
checked every 2 days and the date of molting and the age 
of the decolorized diapausing stage were recorded. In order 
to estimate photoperiodic thresholds for a repeat diapause 
induction, hibernating larvae were classified into groups 
exposed to different photoperiods and also by stage into 
separate diapausing morphs. After cold-temperature treat- 
ment (LD 8:16, 5 ~ C) for at least 150 days, the emerging 
active larvae were again tested at 20 ~ C and various day- 
lengths. 

Fig. 1. The distribution of Zygaena trifolii Esp. and the geographic 
origin of the stocks analysed. Circle: Valencia, Spain (39 ~ N); 
rhomb: Marseille, France (43~ square: Avignon, France 
(44 ~ N); inverted triangel: Baug6, France (47 ~ N); triangle: Col- 
ogne (K61n), FRG (51 ~ N) 

Results 

General characteristics of diapause induction in Z. trifolii 

In all stocks, a diapause of the long-day type was first 
observed at the 3rd larval instar (L3D), detectable by the 
molt to the decolorized morph. Diapause might thereafter 
occur at any subsequent larval stages. Below the critical 
photoperiodic threshold for dormancy induction, the dia- 
pausing stage was shifted towards later instars with increas- 
ing daylength. For repeated larval diapause, there were 
fewer diapausing morphs the greater the physiological age 
of the diapausing caterpillars from which the experiment 
was started, and also fewer in the stock with the southern- 
most geographic origin. However, the tendency to enter 
diapause was independent of  the photoperiod experienced 
before a previous diapause [U-test, P > 9 5 % ,  n=749;  
stocks: Valencia, Marseille, Cologne (K61n)]. Apart from 
these results, there may be a genetically controlled variable 
response in both first and repeated diapause such that the 
larvae enter dormancy at different instars under one photo- 
periodic regime. 

Photoperiodic response curves in stocks with a facultative 
or obligatory first diapause 

First diapause. A facultative, photoperiodically controlled 
diapause of the long-day type has been unambiguously 
found in the South European strains from Valencia (39 ~ N, 
Spain) and Marseille (43 ~ N, France), which are bivoltine 
in the field with a main flight period in early summer (Nau- 
mann, personal communication). Both stocks are further 
characterized by their capacity for an additional diapause. 

In the Valencia stock the critical photoperiod for dia- 
pause induction was about 14.5 h light, found in both first 
and sixth laboratory generations (Wipking and Neumann 
1986) (Fig. 2, curve 5). Even in the Marseille stock a photo- 
periodically induced diapause was found. Consistent with 
its more northern origin, the critical photoperiod for the 
first diapause was about LD >15:9 in the first to third 
laboratory generations (Fig. 2, curve 4). Variation in critical 
photoperiod in the three subsequent generations was negli- 
gible. Only under long-day conditions (LD 16:8-18:6) did 
the percentage of diapausing instars vary considerably be- 
tween the subsequent laboratory generations, and it could 
not be reduced below 25% (LD 15.5:8.5), in contrast to 
the Valencia stock, where the percentage of diapausing lar- 
vae declined very quickly above the critical photoperiod 
(3%-10% ; compare Fig. 2, curve 5). Hence, the Marseille 
stock shows a marked tendency towards an obligatory first 
diapause. The modulation in photoperiodic response to- 
wards an obligatory first diapause is demonstrated by the 
more northern stocks from Avignon (44 ~ N) and Baug~ 
(47 ~ N). Less than 10% of the larvae developed without 
a diapause at 16- or 18-h daylengths (Fig. 2, curves 2 and 
3). The capacity for development without diapause still ex- 
ists, but, in very good agreement with the laboratory results, 
both populations are effectively univoltine in the field, as 
recorded by local lepidopterists (Drouet, personal commu- 
nication). 

The photoperiodic response curve of the K6ln stock 
shows that all the larvae entered a first obligatory diapause 
irrespective of daylength (Fig. 2, curve 1), but supplementa- 
ry facultative diapauses were under photoperiodic control 
(see below). From these laboratory experiments it may be 
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concluded that the life cycles of  all German populations 
in the field are at most  univoltine, though generation time 
may be prolonged to ~ 3  or even 4 years, which could occur 
either by repeated diapauses in the following years or by 
extended diapause over more than one winter (Wipking 
1987). 

Detailed analysis, however, demonstrated variable pho- 
toperiodic response of  larval instars in all stocks. In stocks 
with a facultative diapause (Valencia, Marseille), there was 
a decreasing frequency of  3rd-instar and a greater number 
of  4th- and 5th-instar larvae (L4D, L:;D) entering diapause 
at longer daylengths (LD 1 2 : l ~ L D  14:10). An example 
is given for the Marseille stock (Fig. 3). 

At  photoperiods longer than 15 h, most  o f  the larvae 
completed development without dormancy, as indicated by 
the photoperiodic threshold for diapause induction (Fig. 3, 
above). Under  short-day conditions of  8 h light (KT), the 
third instar was the predominant  diapausing morph (L3D) 
and at longer daylengths the diapause was shifted to the 
older larval instars such that at 15 h even some 6th-instar 
individuals entered developmental arrest (Fig. 3, below). 
Lengthening the photoperiod (LD 18:6) caused an unex- 
pected increase in the number of  diapausing LsD and L6D 
larvae (30%-45%).  

In stocks with a first obligatory diapause, the dormant  
stage was also protracted to the older instars at long photo- 
periods, analogous to the reaction in the more southern 
strains. The progenies of  wild captured females demonstrate 
the sometimes variable photoperiodic response of  the larval 
stages in three successive years in the K61n stock (Fig. 4). 
Under short-day conditions of  8 10 h the 3rd larval instar 
was the predominant diapausing morph and with increasing 
daylength the larvae entered dormancy at a later stage. 
Hence, using a 16-h photoperiod, the LsD stage was the 
most abundant  dormant  morph. 

Repeated  diapause. In addition to the first diapause between 
the 3rd and the 7th instar, diapausing larvae of  all stocks 
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Fig. 3. Z. trifolii, Marseille stock. Above: photoperiodic responses 
for first diapause induction at 20 ~ C. Circles and bars in photoperi- 
ods longer than 14 h indicate mean and range of each set of 4-5 
identical experiments. Below: Frequencies of different diapausing 
instars, in the same experiments, in relation to increasing daylength. 
The data were obtained during three successive laboratory genera- 
tions (F1-3), which were originally based on 3 wild females cap- 
tured in 1984. For further explanations see text 

are able to enter a second diapause at the 5th or later instar. 
In the following, data on the effect of  photoperiod on re- 
peated diapause in a stock with facultative first diapause 
(Marseille) are collated with data from a stock with obliga- 
tory first diapause (K61n). 

In both stocks, the photoperiodic response was investi- 
gated in L 3 D  , L4D, LsD and repeat L6D2 diapausing stages 
after cold-temperature treatment. The experiment was run 
on different dormant  stages (L3D-LsD),  in order to estab- 
lish stage-specific photoperiodic response curves for re- 
peated larval diapauses. 

In contrast to the first obligatory diapause in the K61n 
stock, but like to the response of  the Marseille stock, addi- 
tional diapause was under photoperiodic control (Fig. 5). 
After hibernation, young larvae of  different stages of  the 
K61n stock were again tested over a range of  photoperiods 
(LD 18 : 6-8:16). From these experiments, it appeared that 
any further dormancy was suppressed in long-day condi- 
tions and larval development finished within 7-8 larval 
stages, whereas at short daylengths the larvae enter a second 
diapause. The decreasing photoperiodic thresholds for the 
induction of  a repeat diapause were related to the diapaus- 
ing stage from which the experiment was started (L3D- 
LsD). The critical photoperiods for repetitive diapause in- 
duction were about  LD 15:9 (L3D), LD 13.5:10.5 (L4D) 
and LD 12:12 (LsD). Breeding experiments were also car- 



560 

100 

8 80 
> 

--  60 

20 

I - - e ~ l  

N=500 

8 9 10 11 12 13 1~ 15 16 17 18 

phofoperiod (h) 

100 

= 80 
) 

60 

1 t,0 

z0 

N=592 

8 9 10 11 12 13 1~ 15 16 17 18 

phofoperiod (h) 

100 

80' oJ 

. 

.~ ~,o 

~o I 

N=1721 

8 9 10 11 12 13 lt, 15 16 17 18 

photoperiod ( h ) 

100 

-~ 8o 

60 

"1:3 

o~ 

N=218 

�9 "L3o /~, ~:: ...... g 
,Lt.,.D / \ .-'" 
o - - - - - - . .  A , , . .  

L;D.. ...,-"', L6D 

8 9 1011 12131/~15161718 

photoperiod (h) 
1983 

100 

8o 

~, 60 

~0 

20 

N=592 

t30/ . .... 
" 0 . . . 0  

LL, D " ' .  

"m % 

LsDJ ',�9 ,L6 D 

8 9 I0 II 12 13 Is 17 18 

photoperiod (h) 
198/+ 

~ 100] 
] N:1721 �9 

1 /\. 
~ � 9  .,.0"-...... 0 

60 L3.O �9 " 

/ "  

o l L S , q . . . . , , .  ...... . ......... . . . . . . .  
8 9 10 11 12 13 1/+15 16 17 18 

phofoperiod (h) 
1985 

Fig. 4. Photoperiodic responses of Z. trifolii from K61n. Above: Percentage of diapausing larvae at various photoperiods at 20 ~ C 
in three stocks sampled in successive years. These stocks were based on 3 99 in 1983, 6 92 in 1984, and 15 99 in 1985. Below: 
The corresponding frequencies of larvae diapausing in the 3rd-6th instars at various photoperiods. For further explanations compare 
Fig. 3 

1 0 0  

80 
> 

~, 60 

o ~0 
x ~  

o ~ 20 

1 (L3D) 

8 9 10 11 12 13 I/ ,  15 16 17 18 

photoperiod (h) 

100 

BO 

> 

60 

~o ) 
20 

< i " .  '~176 ............... 80] '. 
\ (L~,D) g �9 (LsO) 

n: = 157 �9 = 50 
~0 

20 \ .  . 

~ 1 7 6  0 . . . . . .  - - *  �9 " ~  
8 9 10 11 12 13 lg 15 16 17 18 8 9 10 11 12 1] 1~, 15 16 17 ~8 

photoperiod (h) photoperiod (h) 

Fig. 5. Comparison of the photoperiodic responses for repeated larval diapause in the Marseille and the K61n stocks. Left." Data 
from experiments on larvae diapausing in the 3rd instar (L3D); middle." experiments on L4D larvae; right." experiments on LsD larvae. 
Circles." Marseille stock; squares. �9 K61n stock�9 For further explanations see text 

ried out with the Marseille stock. A synopsis of  the photo- 
periodic response curves is given in Fig. 5. Critical photope- 
riods for diapause induction were about LD 1 1 : 1 3  (L3D), 
LD 11:13  (L4D) and LD 8:16 (LsD). 

Thus the pattern of  a first obligatory diapause and sub- 
sequent facultative diapauses appears to be universal in 
northern populations of  Z.  trifolii, although the details of  
the photoperiodic response may differ: this may, however, 
be accounted for by the great heterogeneity within popula- 
tions and local adaptation in diapause-regulating mecha- 
nisms. As with the first diapause, repeat diapauses occurred 
at different stages (LsD-LsD2)  depending on photoperiod, 
but there was variation within a photopefiod (Fig. 6; left: 
Marseille stock; fight: K61n stock). In contrast to the Mar- 
seille stock (Fig. 6, below left) all larvae of  the K61n stock 

which had undergone the first dormancy at the L3 stage 
(L3D) had a second diapause at the 5th, 6th, or even 7th 
instar, even kept under LD 12:12 (Fig. 6, below right). 

After a second diapause in the 6th instar, a few larvae 
in both stocks were observed to enter diapause for a third 
time under extreme short-day conditions (LD 8:16: 20% 
of larvae in the Marseille stock; 50% in the K61n stock; 
Fig. 7). 

The ef fect  o f  temperature on diapause induction 
at dif ferent photoperiods 

Temperature may influence photoperiodically controlled 
diapause induction. Larvae o f  the Marseille and K61n 
stocks were reared either under non-diapause conditions 
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(LD 16:8) or using a diapause-inducing photoperiod (LD 
13:11) at 15 ~ 20 ~ and 25 ~ C. In addition to the former 
experiments, the rate of  development (% per day) until 
pupation or molting to a diapausing instar was estimated; 
means and their ranges were calculated for each experimen- 
tal set. 

The rate of  larval development did not vary significantly 
between the stocks ( P > 9 5 % ,  n= 1518 ;  Table 1), but at all 
temperatures intrapopulation variability was high. Thus, 
it was not possible to detect any influence of  daylength 
on the developmental rate at any one temperature. The 
duration of  the prediapause stage only seemed to be ex- 
tended for about 1-2 days, as compared with normal larval 
instars (Wipking 1987). 

Raising the temperature from 15 ~ to 20 ~ C speeded up 
larval development, but raising the temperature further to 
25 ~ C did not further speed up development in all larvae. 
In the Marseille stock, the developmental rate of  a few 
larvae was the same at 25 ~ C as at 20 ~ C and in long-day 

Table t. Rate of development (% per day) of three stocks of Zy- 
gaena trifolii in long-day conditions (LD 16:8) in relation to tem- 
perature (mean and range) 

Valencia Marseille K61n 

25 ~ C k 0.9 0.9 1.3 a 
range (0.6-1.3) (0.6-1.3) (1.1-1.4) 

20 ~ C k 0.9 0.7 0.8 
range (0.6 1.1) (0.6-1.2) (0.6-1.1) 

15 ~ C k 0.5 
range (0.3-0.7) - 

a The data of the K61n stock were calculated from larvae with 
prolonged prediapausing larval instars. For further explanations 
see text 

conditions, but the majority of  the larvae developed faster. 
Therefore, the average duration of  development was differ- 
ent in long-day conditions at 20 ~ and 25 ~ C, but the range 
and overlap of  values was wide in this experiment (Table 1). 

At a 16-h daylength between 10 ~ and 15 ~ C, the number 
of  dormant  morphs was significantly reduced or diapause 
was almost completely prevented in all strains (Fig. 8). 
However, almost all the larvae died at the 5th or 6th instar. 
A temperature below 20 ~ C seems to be too low for imago 
formation. In the K61n stock, the high mortality might con- 
ceal a potential dormancy at later instars (Fig. 8, right). 
In general, there is no doubt  that long daylength together 
with low temperatures may delay dormancy to later instars 
or prevent diapause altogether in Z. trifolii. 

Raising the temperature from 20 ~ to 25 ~ C at LD 16:8 
led to an unexpectedly higher number of  dormant  morphs;  
the effect was statistically significant in the Marseille stock 
and was nearly so in the Valencia stock (Valencia: 8%, 
35% diapausing stages at 20 ~ and 25~  respectively, n =  
165, P < 1 0 % ;  Marseille 25%, 62%, n=223 ,  P < 5 % )  
(Fig. 8). 

With a diapause-inducing photoperiod at a low temper- 
ature (LD 13:11, 15 ~ C) the diapausing stage was always 
shifted towards the younger larval instars, and at 15~ 
the L3 stage was the most abundant  diapausing morph,  
whereas at a temperature o f  20 ~ or 25~  the L4D and 
LsD were more frequent. 

Observations of  developmental rates and molting dates 
under long-day conditions indicate that it was mainly those 
larvae with high developmental rates that entered diapause 
at a 16-h daylength at 25 ~ C. Those which developed more 
slowly completed larval development without dormancy. 

Discuss ion  

The importance of  photoperiod and temperature as major 
factors in environmental regulation of  insect diapause has 
been amply reviewed (e.g.: Sauer et al. 1986a, b; Taylor 
and Spalding 1986; Topp 1984). However, multiple photo- 
periodic responses controlling the onset of  the first and 
additional diapauses have not yet been recorded in any 
other insect species apart from Z.  trifolii. Two important  
questions to be answered are how repeated larval diapause 
might have developed and what kind of  adaptive signifi- 
cance it may have. In southern stocks, Z.  trifolii shows 
a latitudinal gradient of  photoperiodically controlled dia- 
pause reactions. A facultative winter diapause (hibernation) 
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is typical of a potential multivoltine life cycle (Danilevskii 
1965). This facultative diapause in Zygaena is programmed 
by short-day conditions. Towards the north the critical pho- 
toperiod for diapause induction increases and at the same 
time there is a more pronounced tendency to enter the dor- 
mant stage independent of photoperiodic condtions, as 
demonstrated by the photoperiodic response curves for first 
diapause induction (Fig. 2 above). In contrast to the Mar- 
seille stock, diapause induction in the northernmost stock 
(K61n) varies discontinuously and the first diapause be- 
comes independent of photoperiodic conditions. This sug- 
gests that the life cycle phenology near the northern edge 
of the distribution is probably univoltine, unless it is pro- 
longed by additional dormant periods. 

Over the whole course of larval development the optimal 
timing of diapause induction for a particular population 
and larval stage is determined by the current conditions 
of photoperiod and temperature. In all stocks, temperature 
may influence the percentage of dormant morphs and the 
stage at which the larvae enter diapause. The time for which 
a given stage is exposed to different photoperiods is linked 
to temperature (Table 1) and, in the field, to climatic condi- 
tions that vary from year to year. Firstly, exposure of larvae 
to short-day conditions over a long period at low tempera- 
tures (10 ~ 15 ~ C) increased the number of larvae entering 
diapause at an early stage (compare Fig. 9). In the field, 
this might be significant in autumn, affecting the first dia- 
pause, as well as in spring, where it could lead to a repeated 
diapause induction at early stages. A long period of low 
temperature under long-day conditions reduced the fre- 
quency of having a diapause at all, but the temperatures 
were too low for metamorphosis and imago formation was 
impossible. High temperatures (25 ~ C) and short-day condi- 
tions sometimes increased the amount of later-diapausing 
instars, whereas a 16-h photoperiod at 25~ caused an 
unexpected increase in the number of dormant morphs in 

the South European stocks with facultative diapause 
(Figs. 8, 9). These experiments indicate that apart from dis- 
tinct photoperiodic thresholds for diapause reactions, dia- 
pause induction is influenced by the number of photoper- 
iodic cycles (24 h) which each larval stage experiences at 
a certain temperature. Previously published field observa- 
tions support this hypothesis. According to the field obser- 
vations of Naumann in Spain (Valencia), some non-hiber- 
nating larvae of the summer generation may in fact have 
an additional aestival diapause of some weeks (Wipking 
and Neumann 1986); the decolorized morph passes the hot 
season lower down in the litter, protected from heat and 
desiccation. If  the host plant withers in the summer, the 
reduced rate of metabolism in diapausing instars might be 
advantageous (Viebahn 1987). Some of these larvae show 
a prolonged aestivation and do not complete their develop- 
ment in autumn when, under short-day conditions, a second 
diapause at a later instar is induced. Larvae which follow 
this developmental pathway, with an extended threshold 
for diapause reactions and a capacity for repeated larval 
diapause, could be the starting point from which the more 
variable diapause regulation in the northern strains may 
have developed. 

In contrast to aestivation, repeated winter diapause in 
the Spanish and French stocks only seems to be realized 
under short daylength in the laboratory (Fig. 6) and may 
be cryptic in the field in years with normal weather condi- 
tions. 

In the southern part of  the range, environmental condi- 
tions are such that either a diapause or a rapid, diapause- 
free development of an additional generation in the same 
year may be advantageous (Fig. 2). The increase first in 
obligatory diapause and then the more frequent occurrence 
of facultative repeated diapause towards the more northern 
populations is advantageous, since the northern growing 
and mating season is normally short. The time span with 
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favourable environmental  conditions generally diminishes 
from the south to the north and is more variable in the 
north than in the south. An obligate first diapause could 
be an adaptat ion to the more unstable and colder tempera- 
ture conditions at the northern edge of the range. It would 
prevent exploitation of unexpectedly long growing seasons, 
which might sometimes be long enough for imago forma- 
tion if the larvae omitted a facultative first diapause. Later 
in autumn,  a drop to low temperatures might slow down 
the development of the succeeding and hibernating genera- 
tion so that the larvae would not  reach the first diapausing, 
cold-resistant L3 stage. Thus the second generation would 
fail to breed, the fitness of the non-diapause type would 
be zero and they would be eliminated in the field. 

In the nor th  the larvae of Z. trifolii are restricted to 
warm climatic outposts (Wipking 1985). The worse and 
more unstable climatic conditions near the northern edge 
of the range, which might not  be sufficient for univoltine 
development of Z. trifolii, are countered by repeated facul- 
tative diapauses. The resultant various diapausing larval 
stages are characterized by different requirements for dia- 
pause induct ion at different stages. This might represent 
a strategy for "spreading of r isk" (den Boer 1968, 1970, 
1973; Reddingius and den Boer 1970; Stearns 1976; Varley 
et al. 1980). For  example, if the reproductive success of 
the day-active and heat-preferring moths is very low in 
years with persistent rainfall during the whole mating peri- 
od, the larvae with a repeated larval diapause may guaran- 
tee the survival of the population.  Here diapause induction 
helps prevent adult emergence out of season. In  conclusion, 
the flexibility of the photoperiodic response in Z. trifolii, 
allowing variable life-cycle phenologies even in one popula- 
tion in the same environment,  allows adaptat ion to condi- 
tions over a wide geographic range. 
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