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Bad cold for a butterfly? 
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The tropical butterfly Bicyclus anynana can, in the dry season, encounter temperatures below 10°C 
or even lower at higher altitudes. We studied the cold resistance of several stages in the life cycle 
of this butterfly (egg, pupa, adult). Egg hatching declined at low temperatures, with no hatching at 
+6°C and reduced hatching at 12°C. Pupa could sustain almost two days of +1°C temperatures, but 
then developed slower. Many adults survived 72 h at +6°C and mated successfully afterwards at 
25°C. Subsequent fecundity was not affected but fertility declined markedly. 
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The resistance to low temperature stress (cold-hardiness) of insects can been classified into three 
categories: (i) no physiological mechanism; animals are already affected by non-freezing cold, (ii) 
avoidance of freezing and ice formation by supercooling (generally achieved by water loss), and 
(iii) freezing-tolerance (Salt, 1961; Wigglesworth, 1972). Chilling usually is the most relevant to 
tropical species that hardly ever encounter sub-zero temperatures, although some species occurring 
at high altitudes do posses mechanisms to cope with freezing temperatures (Sømme & 
Zachariassen, 1981). Literature on effects of non-freezing, low temperatures on tropical insect 
species is scarce. Tsetse flies exposed to 2°C for three hours died in large numbers, whilst six 
hours at 10°C killed a quarter of the flies (Burnett, 1957). Almost all 4th stage larvae of Aëdes 
aegypti mosquitos without acclimatization were killed by 17h at 0.5°C (Mellanby, 1960). What 
causes death at low, non-freezing temperatures, is not clear, but the normal metabolic balance 
might become critically disturbed (Salt, 1961). Death might occur because toxins accumulate 
which would be eliminated at normal temperatures, or because low temperatures halt absorption of 
nutrients and the animal dies of starvation (Wigglesworth, 1972). 

The tropical butterfly Bicyclus anynana occurs in wet-dry seasonal environments in Africa. 
The habitat is strikingly different between these two seasons: the wet season features a lot of lush 
vegetation while in the dry season brown leaves litter the ground. To cope with these changes, the 
butterfly exhibits seasonal polyphenism, cued by temperature (Kooi & Brakefield, 1999). The dry 
season is associated with low temperatures (ca. 18°C) which lead to a cryptic phenotype of the 
butterfly. High (>23°C), wet season temperatures produce large eyespots on the wings, to divert 
predatory attacks away from the body (Brakefield & Larsen, 1984). 

However, predation is not the only adversity encountered in the dry season. Besides the near 
absence of food plants, temperatures can drop drastically. In Blantyre, Malawi, minimum monthly 
temperatures of around 10°C are observed in the dry season, but even lower values are possible at 
higher altitudes (Brakefield & Reitsma, 1991). How B. anynana survive the unfavorable dry 
season is topic of ongoing research and effects of low temperatures may be an import aspect. 
Furthermore, cold shocks are used as an environmental stress to study fluctuating asymmetry (FA). 
Bicyclus anynana pupae that spent 24h at 3°C right after pupation showed increased FA for dorsal 
forewing eyespots (Brakefield, 1997). Establishing survival boundries and other effects of cold 
stress is important for further FA work. Initial results show that low temperatures adversely affect 
(developmental) physiology. 

In this study, we investigate the effects of periods at non-freezing cold on eggs, pupae and 
adults of B. anynana. Our aim is to get more insight in the effects of low temperatures on the 
biology of B. anynana in relation to their natural situation. 

MATERIAL AND METHODS 
Eighty gravid Bicyclus anynana females from Nkhata Bay, Malawi, constituted the lab stock that 
has been kept for over ten years at large numbers. Caterpillars in the lab feed on young maize 
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plants whilst adults are provided with moist banana. Individuals from this base stock were reared 
or kept at 25°C before experimentation. We subjected different life stages (egg, pupa, adult) of this 
butterfly to periods at a low, non-freezing temperature: 
Eggs: Eggs laid over a 4-h period by the stock population were divided into batches of around 50 
eggs. Two batches were placed at each of the following temperatures: 6, 12, 18, 20, 25 and 27°C. 
Median emergence time and hatching percentage were measured. Furthermore, eggs that did not 
emerge were classified as sterile/no development (white) or as partly developed but not emerged 
(black). 
Pupae: Groups of 15-20 one-day old pupae were placed at 1°C for 0, 1.5, 5, 9, 16, 23 and 41.5 h. 
After the cold period, pupae were returned to 25°C where pupal time and mortality were scored. 
Pupae were weighed before treatment 
Adults: Survival was measured of a batch consisting of five male and five female adults, stored at 
1°C for 3, 26 or 50 h. Furthermore, the survival of groups of male and female adults spending 0, 
18, 24, 48 or 72 h at 6°C was assessed. Survivors were allowed to mate (within their treatment 
group) for three days and lay eggs for one day. Fertility (hatching percentage) and fecundity (total 
number of eggs) of 21-34 females per group was determined. All adults were virgin and 1-2 days 
old. 

RESULTS 

Eggs 
None of the eggs at 6°C hatched nor showed signs of development (Table 1). The two batches kept 
at 12°C had significantly lower hatching success than all higher temperatures combined (χ2=45.4, 
df=1, p<0.001). This was due to an increase in partly developed, black eggs. Hatching percentages 
of batches emerging at 18°C or higher did not differ from each other (χ2=5.7, df=7, p>0.05). 

Pupae 
Only nine out of 120 pupae did not emerge (Table 2). No pattern could be discerned and because 
of high survival, no relationship between pupal weight and cold tolerance could be established, 
although ample variation in pupal weight was present. In contrast, pupal times differed between 
the treatments: ANOVA, F6,104=60.79, p<0.001 (Fig. 1, Table 2). Neither sex (F1,103=3.52, ns), nor 
covariate weight were significant (F1,103=1.51, ns). Because sexes did not significantly differ in 
pupal time, we pooled males and females. Pupal time did increase in linear fashion with prolonged 
exposure to low temperature, the regression equation is highly significant (r2=74.7%, t=18.03, 
p<0.001). The regression remains significant when time spent at 1°C is subtracted from the total 
pupal time (slope= 0.0128, r2 =13.4%, t=4.24, p<0.001). 

 
 
Table 1. Median emergence time and percentage hatched eggs for egg batches developing 
at different temperatures 

Temperature (°C) Median 
emergence (days) 

Hatched Black eggs White eggs % Hatched 

0 0 50 0 6 - 
0 0 48 0 
31 19 8 53 12 23 
34 22 3 58 
40 5 6 78 18 11 
42 4 4 84 
44 2 3 90 20 7 
45 6 7 78 
43 4 3 86 25 5 
44 2 4 88 
44 2 4 88 27 4 
59 2 8 86 
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Figure 1. Pupal time for groups that spent different times at 1°C. Bubble size and 
numbers denote group sample size N. The regression equation is: [pupal time]= 
7.99 + 0.0545*[time at 1°C] 

 
 

Table 2. Pupal time of different treatments (time at 1°C). Same letters 
denote no significant differences between groups (Tukey) 

Time at 1°C (h) N emerged N dead pupal time ± SE 
0 29 1 7.93 ± 0.05 a 

1.5 13 4 7.92 ± 0.08 a 
5 12 1 8.42 ± 0.15 b 
9 12 1 8.58 ± 0.15 b 
16 16 1 8.75 ± 0.11 b 
23 17 0 9.47 ± 0.12 c 

41.5 12 1 10.08 ± 0.08 d 
 
 

Table 3. Fecundity (total number of eggs) and fertility (percentage hatched) 
of groups spending different amounts of time at 6°C. Same letters denote no 
significant differences between groups (Tukey) 

Time at 6°C (h) N N steriles Fecundity ± SE Fertility ±SE 
0 34 0 24.9 ± 2.0 a 0.86 ± 0.03 ab 
18 22 0 26.1 ± 2.2 a 0.95 ± 0.01 ab 
24 21 6 29.7 ± 3.8 a 0.65 ± 0.09 b 
48 22 4 22.8 ± 3.2 a 0.72 ± 0.08 ab 
72 22 20 20.0 ± 3.1 a 0.05 ± 0.05 c 

 

Adults 
All five male and five female adult individuals survived a 3-h period at 1°C. Two females and 
three males did not survive 26 h at 1°C, whilst none of the males and three of the females did not 
live after a 50-h period at a temperature of 1°C. 

Assessing the adult survival at 6°C, only the periods of 48 and 72 h (the two longest) caused 
casualties: 2 out of 11 males did not survive the 48-h treatment, and 26 (out of 47) males and 12 
(out of 55) females died after 72 h at 6°C. The difference in mortality after 72 h between the sexes 
is significant (χ2=12.2, df=1, p<0.001). Survivors mated within their treatment group and 
copulations were observed in all groups. The treatment groups (i.e. time spent at 6°C) highly 
significantly differed in fertility (ANOVA on arcsin transformed proportions, F4,114=34.41, 
p<0.001), but not in total number of eggs laid (F4,114=1.49, ns). Main cause of the difference in 
fertility is the 72h at 6°C group, which were almost all sterile (Table 3). 
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DISCUSSION 
Our results indicate that at 6°C, no development at all can be observed in the eggs, while at 12°C 
there are many partly developed yet unhatched eggs that could not cross either the 
“developmental-hatching” or the “hatching” threshold (Bursell, 1964). Some of these unhatched 
eggs might have hatched if a more natural, fluctuating thermoperiod had been used. Hatching may 
then occur at favourable times of the day, i.e. at high temperatures. Previous work, comparing 
fluctuating thermoperiods to constant temperatures, showed that B. anynana larvae develop faster 
and have higher growth rates in the fluctuating environments, although average temperatures were 
equal (Brakefield & Mazzotta, 1995). No differences in egg hatching were found in the range from 
18-27°C. Almost all temperatures that B. anynana might encounter for prolonged periods in the 
field are encompassed by this range. This suggests that there is no absolute optimum for egg 
hatching in the wild. 

The pupal stage appeared the most cold-resistant of the three stages in development that were 
studied, both in temperature and in time spent at low temperature. The cold treatment the pupae 
were subjected to, is at the lower limit of naturally expected conditions, if not way beyond that. 
The fact that, despite ample variation for pupal weight, no differential survival was observed, 
would suggest the tentative conclusion that (pupal) size does not matter in surviving cold spells. 
However, this remains to be studied in further detail, especially the effects of long-term exposure 
to temperature stress. The cold hardiness of the pupal stage, combined with the fact that the wing 
pattern is conceptually determined during this stage, increases the scope for applying cold stress in 
order to upset developmental pathways. Thus we will be able to study and understand 
developmental mechanisms better, for example via measurements of fluctuating asymmetry in 
wing pattern elements (Brakefield, 1997). 

Adult males died sooner and in larger numbers than females. A possible explanation might be 
the much smaller overall body size of males compared to females, although males do have a higher 
fat percentage (Kooi et al., 1997). Females also have a lower basal metabolic rate than males 
(unpublished results). In any case, digestive arrest and subsequent starvation as an explanation for 
mortality are improbable because starvation experiments show that these animals can live for at 
least 10 days without food at 18°C (unpublished results). The large sterility of broods after 72 h at 
6°C can be attributed to either or both sexes. However, the fact that female fecundity was not 
affected, would suggest males to be the culprits.  

We conclude that the main life-stages of B. anynana can cope with low temperatures that it 
may encounter in the wild. Therefore, the absence of suitable food plants for the caterpillars is 
probably a more important factor in making the cold, dry season unfavourable to this butterfly. 
However, managing to let the pupal stage (the most cold hardy) coincide with the lowest 
temperatures might confer a (slight) selective advantage. 

REFERENCES 
Brakefield, P.M., 1997. Phenotypic plasticity and fluctuating asymmetry as responses to environmental 

stress in the butterfly Bicyclus anynana. In: R. Bijlsma & Loeschke, V. (Eds.), Environmental Stress, 
Adaptation and Evolution, pp. 65-78. Birkhäuser Verlag, Basel, Switzerland. 

Brakefield, P.M. & Larsen, T.B., 1984. The evolutionary significance of dry and wet season forms in some 
tropical butterflies. Biol. J. Linn. Soc. 22: 1-12. 

Brakefield, P.M. & Mazzotta, V., 1995. Matching field and laboratory environmnets: effects of neglecting 
daily temperature variation on insect reaction norms. J. Evol. Biol. 8: 559-573. 

Brakefield, P.M. & Reitsma, N., 1991. Phenotypic plasticity, seasonal climate and the population biology of 
Bicyclus butterflies (Satyridae) in Malawi. Ecol. Entomol. 16: 291-303. 

Burnett, G.F., 1957. The relation between age and cold resistance in tsetse flies and the value of chilling 
when transporting tsetse for experiments. Proc. R. Ent. Soc. Lond. (A) 32: 53-58. 

Bursell, E., 1964. Environmental aspects: temperature. In: M. Rockstein (Ed.), The physiology of Insecta, pp. 
283-321. Academic Press, New York. 

Kooi, R.E., Bergshoeff, C., Rossie, W.E.M. T. & Brakefield, P.M., 1997. Bicyclus anynana (Lepidoptera: 
Satyrinae): comparison of fat content and egg-laying in relation to dry and wet season temperatures. 
Proc. Exp. Appl. Entomol., NEV Amsterdam 8: 17-21. 



 W.G. ZIJLSTRA, B.J. ZWAAN & P.M. BRAKEFIELD 23 

 

Kooi, R.E. & Brakefield, P.M., 1999. The critical period for wing pattern induction in the polyphenic 
tropical butterfly Bicyclus anynana (Satyrinae). J. Ins. Physiol. 45: 201-212. 

Mellanby, K., 1960. Acclimatization affecting the position of the cold and heat death points of larvae of 
Aëdes aegypti (L.). Bull. Entomol. Res. 50: 821-823. 

Salt, R.W., 1961. Principles of insect cold-hardiness. Annu. Rev. Entomol. 6: 55-74. 
Sømme, L. & Zachariassen, K.E., 1981. Adaptations to low temperature in high altitude insects from Mount 

Kenya. Ecol. Entomol. 6: 199-204. 
Wigglesworth, V.B., 1972. The principles of insect physiology. Chapman Hall, London. 
 




