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Abstract

Developmental stages in the life cycle of lycaenid butterfly, Lampides boeticus
(Lepidoptera : Lycaenidae) and their association with the host plant (Lupinus
nanus) (Fabaceae) were examined both in the laboratory under 29 + 3°C
temperature with RH 78 + 2% and field conditions. The oviposition behaviour,
incubation and larval-pupal period of the butterfly and its association with L.
nanus were studied. The host plant association and duration of developmental
stages were given importance. Duration of life cycle (egg to adult) was 19 - 21
days. Eggs, four larval instars and pupal stages were distinct. Lampides boeticus
was found deeply associated with L. nanus to complete its life cycle. This
association with host plant was characterized and evidenced by the use of host
leaves, flowers, buds and seeds ( pods) both in the larval (11 - 13 days) and pupal
(4 - 6 days) stages. The incubation period, different larval instars and pupal stage
were found to be associated deeply with the phenological phases of the host
plant.

Introduction

Butterflies are ideal subjects for ecological study in landscapes and act as bio-
indicators of the environments(?. These are particularly sensitive to environmental
variations®. Seven families of butterflies are found in Bangladesh, viz. Papilionidae,
Pieridae, Nymphalidae, Danaidae, Satyridae, Lycaenidae and Hesperidae®. Under
Lycaenidae the blues (Polyommatinae), coppers (Lycaeninae) and hairstreaks (Theclinae)
butterflies are very common in the country®. Positive relations have been found between
butterflies diversity and its host plant diversity, habitat complexity, landscape structure,
topographic and moisture gradients and climate®?. The diversity of butterflies decreases
day by day due to the loss of forest ecosystem and plant diversity ®. Butterflies are
considered to be opportunistic foragers that visit a wide variety of available flowers ©:10,
Majority of them are host specific and have close relationship with their host plants®®.
Various behavioural aspects, such as foraging, resting, flying, mating and egg laying of
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lycaenid butterflies are associated with plants. The biology of these butterflies are
associated with the specific host-plants(?. They utilize various plant species under
Leguminosae for maintaining their developmental stages(®. The choice of host plants as
nectar sources by the lycaenids depends on innate colour preferences¥. Different
generations may change their preferences of host plants due to seasonal variations. The
present experiment has been emphasized on the identification of the life stages of
Lampides boeticus and its association with Lupinus nanus (host plant).This theme was
undertaken with a view to analyzing the host plant association at different
developmental stages that could be utilized as a tool for butterfly colonization in the
forest ecosystem.

Materials and Methods

The study was conducted in the Environmental Biology and Biodiversity Laboratory
(EBBL), Department of Zoology, University of Dhaka and in the Germplasm Centre
(GPC) of Zoological Garden from July, 2009 to June, 2010.

The stem of young leaves, buds, flowers and seeds (pods) of L. nanus and the eggs,
larvae, pupae of L. boeticus were collected from the GPC. The samples were collected once
in a week during the study period.

Females were observed to lay eggs on the host plant L. nanus at day light. The egg
laying behaviour was observed following the methods described by Jermy and
Szentesi(1).

The laid eggswere collected by cutting the host plant stems at 45° angular areas. After
cutting the stem, it was wrapped with wetted cotton to make the stem alive. It was set up
into a glass bottle which was filled with water. The bottle with the stem was placed into a
larvae-rearing cage. The incubation period was observed by following the methods used
by Bashar et al.(7).

Larvae were reared in three-layered plastic cages. The length, width and height of
the 1st layer were 362.5, 300, 150 mm, respectively; the 2nd layer were 350, 287.5, 150
mm, respectively and 3rd layer were 350, 287.5 and 62.5 mm, respectively. Two pieces of
cork-sheet were fixed to provide space between 1st and 2nd layers. The 2nd layer was
perforated to pass air and maintain proper humidity.

The larvae of different instars were measured by using a millimeter scale. The old
plant-parts used for feeding were replaced by fresh leaves, shoots, buds and pods. The
larvae were replaced in a new shoot of the host plant. A hairy soft brush was used to
clean cages and maintain a proper environment for larval rearing and avoiding
unhygienic condition. The larval period of an instar is recorded between the time of first
larval appeared and the larvae first moulted of the next instar with changes of
morphological characteristics. Larvae were reared following the method of Zalocki
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et al.0® and their feeding potential was measured according to the method used by
Singh(19).

Pupae were kept in an adult emergence cabinet which was rectangular in shape with
525 mm long, 450 mm wide and 648 mm high, and made with iron rods. The cabinet was
covered by muslin net to prevent the emerged butterfly from escaping. There was a
zipper in this net for entry and exit of the pupal cage to observe. After the emergence of
the adult butterfly it was preserved in the laboratory for further study. The pupal stages
of the butterfly were studied following the method of Baker@.

The biology of butterfly was studied according to Rao et al.?) and Hill®. The
identification of butterflies was done following the methods of Borror et al.®® and
Bingham et al.4.

The soil was prepared at Germplasm Centre (GPC) to sow the seeds of L. nanus
which were collected from the Butterfly Research Park (BRP), Gazipur. The seeds were
sowed at a 30.48 cm x 30.48 cm seed bed. The germinating duration, vegetative growth,
budding condition and fruitification stages were observed following the methods of
Pandey®).

Results and Discussion

The different developmental stages, viz. egg, larva, pupa and adult of
lycaenidbutterfly, L. boeticus were characteristically associated with the phenological
stages of its host plant L. nanus.

Adult of both sexes had a small thin hair like projection (tail) on each hind wing.
Prominent black spots were found near the tail of the hind wings at posterior side.
Adults were purplish and covered with long white hairs. A line of brown colour was
found towards outer margin of the wings. Lower surface of the both wings were pale
grey-brown. A series of whitish spots and bands were found at the marginal side. Hind
wing with two eyes pots and a thin hair like projection (tail) on the ventral side (Fig.
la,b). According to Fordyce et al.? lycaenid butterflies are distinguished by wing
pattern, hind wing spots and tail.

During searching the host plants, females vibrated their wings rapidly. They
searched by touching the host plant parts and moving forward. After searching the
suitable host plant, the female started to lay eggs by bending its abdomen. After laying
one egg it took rest for sometimes and then started to lay the next egg. Lampides boeticus
laid eggs individually on young shoots, flower buds and leaves of the host plant.

Host plant-parts, viz. flower buds, flower petals, androecium-gynoecium and young
pods were consumed as food by different instar larvae. The nature of consumption by
the larvae varies in different stages and also in different ways. The volume of
consumption was used as area-damaged (flower buds, flower petals, androecium,
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gynoecium and young pods) which was caused by the larvae. According to Roberts some
larvae of butterflies feed entirely inside the flowers of Mimosaceae, Fabaceae and
Papilionaceae®.

Fig. 1. External features of adult Lampides boeticus. (a) Dorsal view, (b) Ventral view.

Table 1. Morphometrics of the larvae of Lampides boeticus and its association with the plant
parts of Lupinus nanus.

Larvae Measurement of larval body size Morphological Associated
Length (mm) Width (mm) characteristics of larvae plant parts
(Mean + SE) (Mean + SE)
1st instar 3.56 £0.71 1.51+0.41 - Cylindrical body FB:+++
(n=30) - Pale yellow in colour FPT:++
- Black head capsule
- Prothoracic shield
2nd instar 6.94 +0.92 2.65 + 0.54 - Wood-louse like body FPT: ++
(n=30) - Pale yellowish brown YP: ++
colour AG: +++
- Reddish band present,
3rd instar 12.95+0.73 4.08 +0.47 - Light greenish colour FPT: ++
(n=28) - Head capsule light YP: ++++
brownish AG: ++
4th instar 18.06 + 0.65 6.08 + 0.61 - Brown colour YP: ++
(n=26) - Head capsule black to AG: +++
yellowish brown

SE = Standard error, FB = Flower Bud, FPT = Flower petal, AG = Androecium and gynoecium, YP =
Young pod. Sign + = Poorly associated (10%), ++ = Moderately associated (30-50%), +++ = Highly
associated (70%) and ++++ = Deeply associated with host plant (90% to above).
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Fig. 2. Developmental stages of Lampides boeticus.

The egg was small and disc-like (about 0.8 mm in diameter) with a depressed
micropylar. When freshly laid, the egg was yellowish green. The surface of the egg was
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covered with a reticulated pattern of ridges (Fig. 2b,c). According to Garcia-Barros and
Martinthe® shape of the egg is consistent within the main families and differs between
other families.
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Fig. 3. Temporal duration for the eggs of Lampides boeticus after egg laying.

The mean incubation period of the egg was 4 + 0.17 days 33% eggs were hatched in
3 days, 17% in 5 days and 50% in 4 + 0.17 days, respectively (Fig. 3).

After four days, the eggs were hatched into slug-like caterpillars. Average length and
width of the 1st instar larvae were 3.56 + 0.17 mm and width 1.51+0.41 mm respectively.
The larvae had fine setae on their body. The newly hatched larvae fed on flower bud and
started to bore into it (Table 1). Faint reddish brown bands appeared dorsally and
laterally of the larvae. The duration of this developmental stagewas 2 days (Fig. 2d).

The body of 2nd instar larva was woodlouse like in shape. Average length and width
of the larvae were 6.94 + 0.92 and 2.65 + 0.54 mm, respectively. A reddish brown band
was found dorsally on the larva. They maintained the habit of boring into the flower
petals and young pods (Table 1).The duration of this developmental stage was 2 - 3 days
(Fig. 2e).

Average length and width of the 3+ instar larvae were 12.95 + 0.73mm and 4.08+ 0.47
mm, respectively. A faint dorsal line was present on the larva dorsally. The light-green
colour of the larvae was then changed into green colour. The larvae fed on the young
pods of the host plant (Table 1). The duration of this developmental stage was 2 - 3 days
(Fig. 2f, g).

Average length and width of the 4th instar larvae were 18.06 + 0.65mm and 6.08 +
0.61 mm, respectively. The dorsal line disappeared at the final instar of the larvae. The
larvae fed on pods and other flower parts (Table 1). The duration of this developmental
stage was 3 - 4 days (Fig. 2h).
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In the final developmental stages of the larvae lengths were measured 18 - 19 mm in
this period. The larvae were grey in colour. Body of the larvae was gradually shrinked.
The larvae ceased eating and wandered around for searching a pupation site. At the
chosen site, the larva settled itself for pupation by spinning a silk girdle (Fig. 2i).

Pupation period started after one day of the pre-pupal stage. The lengths of the
pupae were 15 - 16 mm. Pupations took place on the dried leaves of the host plant. The
hairy pupa had many black to dark brown patches on its body. The Pupae were
darkened in colour gradually signaling the imminent emergence of the adult. The
duration of this developmental stage was 4 - 6 days (Fig. 2j).

The average pupation period of the pupae was 5 + 0.2 days. 42% pupae emerged in 4
days, 37% pupae emerged in 6 days and the rest 21% pupae emerged in 5 = 0.2 days,
respectively (Fig. 4).

The periods of different developmental stages of L. boeticus in its life cycle including
incubation, 1st instar, 2nd instar, 3rd instar, 4th instar larvae and pupation were 19, 10,
14, 14, 19 and 24%, respectively of the total life cycle period (Fig. 5). According to Ek-
Amnuay®), the life stages of leopard lacewing, Cethosia cyane from egg, larva and pupa
usually last for 4 - 5,15 - 20 and 7 - 10 days, respectively.
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Fig. 4. Temporal duration for the pupae of Lampides boeticus after completion pupations.

The L. boeticus butterfly is closely associated with the phenology of L. nanus (host
plant) specially with the young buds, flowers and young fruits (pods).These plants have
soft green to grey-green elliptical leaves with palmately-compound leaf blades. The
whorled (leaf arrangement) leaves bear silvery hairs. The flowers were produced in
dense or open whorls (inflorescence) on an erect spike with a typical legume-
flower shape. Flowers were whitish blue in colour. Each lupins flower contains an upper
'standard’ or 'banner’, two lateral 'wings' and two lower petals which were fused as a
'keel'. The fruitification stage appeared after the flowering stage and lasted before the
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fruits ripen. The fruit was a pod containing several seeds. The legume seeds of lupins,
commonly called lupin beans contain significant amounts of isoflavones and
toxic alkaloids, e.g. lupinine and sparteine Gladstone et al.¢9(Fig. 6.a,b,c,d).
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B Fourth Incter larva B Popution period

Fig. 5. Time period for each of the life stages of Lampides boeticus (in percentage) of its life cycle.

Fig. 6. Phenological stages of Lupinusnanus (host plant). (a) Germinating stage, (b) vegetative
growth, (c) flowering stage and (d) fruitification stages.

There is synchronization between the host plant’s (Lupinus nanus) phenology and the
developmental stages of the butterfly. Characteristically variations are found in the
consumption of the host plant-parts (flower buds, flower petals, androecium gynoecium
and young pods) by the larvae of L. boeticus. The consumption of the plant parts was
found to increase from the larval 1st instar to the 3rd instar stages. But, comparatively the
consumption of the plant parts was found to decrease during the 4th instar stage. This
happened due to the changes required by the ultimate instar to go for prepupal stage.

Coincidences between plant reproductive stage especially fruitification and
developmental stages of the butterfly were distinct. All the larval stages of the butterfly
were associated with the flowers and young fruits of the host plant parts from young
buds to young fruits (pods) as food sources. This coincidence between plant and animal
is essential for the completion of their life history successfully. This is co-evulutionary in
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one hand for the larval development of the insect (butterfly), and on the other hand for

the gene flow activities of the plant.
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