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Using Image J to calculate the area of black markings on the wings of Idea leuconoe clara. (A) Upon loading a
specimen photograph, we opened the image field and selected the type button, adjusting the photograph to 8-bit
black and white. (B), (C) Opening the image field, we selected the adjust button and selected default from the
threshold to change the black area of the photo into a red area. (D), (E) These actions were repeated, and we
adjusted the percentile to change the area of the entire butterfly’s wings into a red area. (F) We then clicked the
analyze button and selected analyze particles to calculate the red area range. We divided the black area of the
wings by the total wing area to determine the black area percentage of /. leuconoe clara.
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Fig. 2. Developmental rate of /dea leuconoe clara at six temperatures. The x axis represents the six test temperatures
(15°C, 20°C, 25°C, 30°C, 35°C, and 40°C), whereas the y axis represents the rate of development (1/day) under
the six temperatures. The developmental rate of /dea leuconoe clara from egg to adult varied for the six
temperatures (p < 0.05).
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Fig. 3. Survival rate of Idea leuconoe clara at six temperatures. The x axis represents the age of /. leuconoe from egg to

adult, whereas the y axis represents the survival rate (%). The temperatures 15°C, 20°C, 25°C, 30°C, 35°C, and
40°C are represented by orange, yellow, green, cyan, blue, and purple lines, respectively.
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Fig. 4. Black area percentage of Idea leuconoe clara at six temperatures. (A) Average percentage arcsine-transformed

values of the black wing area of I. leuconoe at six temperatures. The x axis represents the six temperatures,
whereas the y axis represents the averaged arcsine-transformed values under each treatment. (B) Schematic of
specimens and degree of melanization at six temperatures. The red arrows indicate the melanization areas.
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Melanization area percentage of I/dea leuconoe clara subject to cold shock treatment. The control group was

reared at 25°C, and no black spots appeared. Thus only the black wing area was calculated. Two melanized
samples were discovered after 12 days at 10°C. The blue arrows indicate the melanizations. The black markings
on the wings were measured together with the melanization markings.
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Fig. 6.

Melanization area percentage of Idea leuconoe clara subject to heat shock treatment. The control group was

reared at 25°C. Four melanized individuals were discovered for 35°C. The melanized areas are marked with
orange arrows. Five melanized individuals were discovered for 40°C. The melanized areas are marked with red
arrows. The melanized individuals were measured together with the black markings on the wings and the

melanized area.
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Fig. 7.

Proportion of black area of Idea leuconoe clara wings under extreme temperature. (A) Schematic of the treatment

group with no blackened individuals in the extreme test. (B) Average values of the black wing area of each test
group were significantly different (p < 0.05). The x axis represents the treatments of the extreme temperature
shock test, whereas the y axis represents the average arcsine-transformed values of the black area. The blue,
orange, and white bars represent the test treatments at 10°C, 35°C, and 25°C (the control group), respectively.
The lower case letters represent the result of the subsequent comparison.
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Table 1. Survival rate (SR) and induction rate (/IR) for the c;ol_'o_r—pattern modifications in response to different
shock treatments in Idea leuconoe clara
Treatment n Successful Modified SR IR
mode eclosion (Individuals) (%) (%)
10C, 10 days 10 8 0 80 0
10°C, 11 days 10 0 70 0
10C, 12 days 10 6 2 60 33.3
35T, 1day 10 10 0 100 0
35C, 2 days 10 9 0 90 0
35C, 3 days 10 9 1 90 11.1
35C, 4 days 10 3 3 30 100
40C, 1 day 10 2 2 20 100
40C, 2 days 10 3 3 30 100
40°C, 3 days 10 0 na 0 na
Control
25C 10 10 0 100 0

Note: n: number of treated individuals; SR: survival rate (%); IR: induction rate (%); na: not applicable.
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ABSTRACT

Idea leuconoe clara, the large tree nymph, is known for its presence in Southeast Asian
butterfly gardens because of its large wingspan and black and white color contrast. The
distribution of black spots and the degrees of coarseness and melanization of the wings are
usually employed for species identification. Latitudinal and temperature variations in the
phenotype or genotype of a butterfly can cause the wings of a single butterfly species to have
varying coloration. The literature contains several records of melanized I. leuconoe and
descriptions of specimen collections from Taiwan and Southeast Asia. To evaluate the effects
of development temperature on the melanization of I. leuconoe wings, we reared 600 larvae
under six constant temperatures (range: 15-40°C) and discovered only two melanized adults
in the end, with 67-80% wing area melanization for the temperatures of 35 and 40°C; the
mortality of high temperature reached 99%. We further conducted heat-cold-shock
treatments on 100 individuals during their wandering stage before pupation. In response to
10°C cold treatment, two melanized adults had 59-69% wing area melanization. By contrast,
four melanized adults had 66-75% melanization after 35°C treatment, and five melanized
individuals had 79-82% melanization after 40°C treatment. When wandering-stage heat-
shock treatments were administered, nine individuals were melanized, the melanization rate
was increased to 12.9%, and the mortality rate was reduced to 33%. In summary, the wing
color patterns of 1. leuconoe caused by extreme temperature are a result from a combined
effect in the species’ wandering, early pupal stage. The mechanisms of color-pattern
development of 1. leuconoe may be exploited to prevent individuals arising from some specific
rearing conditions, such as conditions in the wet and hot season.

Key words: Idea leuconoe clara, effects of extreme temperature, melanization
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