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Abstract | We describe the life history of the Small Grass Yellow Eurema brigitta (Cramer), monthly occurrence and
seasonality of early stages, larval performance in terms of food consumption and utilization, and the wide length of
the life cycle. Our study was conducted during 2014-15 at Yogi Vemana University botanical garden, Kadapa (78°
42°44.539° E, 14° 2825.59 N), South India. Field study indicated that a small grass yellow was in continuous flight and
reproduction, with highest densities of early and adult stages occurring during September-November representing the
most favorable period, the time of the entire South-West monsoon. The study reputes that the Pierid butterfly “Eurema
brigitta” would be with wings and breed throughout the year. The polyphagous larvae utilize several legumes as hosts
including Cassia mimosoides on which the larvae were reared and studied. The life history completed in just 20-27 days,
with egg lasting 3-4, larvae 11- 16 and pupae 6-7 days under laboratory conditions (27°C temperature). The Short life
cycle history permitted 11-12 broods yearly, making the butterfly multivoltine. Total larval development time includes
length, weight, growth, and nutritional parameters like consumption index (CI), Growth Rate (GR), Approximate
Digestibility (AD), Efficiency of conversion of ingested food to body substance (ECI) and Efficiency of conversion of
Digested food to body substances (ECD). Among the five instars obtained, the last one accounted for about 73.7% of
total weight gain for food consumption of 66.4% of the entire larval period. The values of CI, GR, and AD across the
instars decreased as the larvae aged. The average values of CI and GR are 0.59 and 7.71 respectively and that of AD is
91.4%. In contrast the values of ECD and ECI increased as the larvae aged; their respective average values are 14.2%
and 11.96%. The adult foraged on 5 floral species.
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cur in India. Several field guides for the identification of
the Indian butterflies are available (Wynter — Blyth, 1957;
Haribal, 1992; Gay et al., 1992; Evans, 1932; Gunathilaga-
raj et al., 1998; Kunte, 2000). A list of the works giving

INTRODUCTION

Butterﬁies have been studied systematically since the
early 18" century and about 19,238 species are docu-

mented worldwide (Heppner, 1998; Kunte, 2000). Shields
(1989) had given a world total of 17,280 species, and
Gaonkar (1996) mentioned 16,823 world species.

Of the estimated 20,000 — 30,000 species of butterflies
occurring globally, nearly 1501 species are known to oc-

the descriptions of the life histories was given by Pant and
Chatterjee (1950), of which those of Bell (1909 — 1927)

are important.

Among the insects, butterflies are an interesting group
which have greater aesthetic value that makes them very
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Figure 1: Conservation Status of Eurema brigitta

attractive to humans. They are also a very important unit
of any ecosystem due to their inter—relationship with plant
diversity. Butterflies were thought to be efficient for plant
pollination as they visit different flowers for nectar, but this
is debatable and minor (Subba and Meera, 1984, 1986;
Ramana, 2010), when compared with functions of major
pollinator groups like bees and true flies. Butterflies are,
however, good indicators of environmental change as they
are directly affected by habitat modification and loss, at-
mospheric temperature and weather conditions (Kunte,
2000; Tiple, 2006; Harinath et al., 2014, 2015). Haribal
(1992) noted that the life histories of nearly 70% of the In-
dian species require description. Hence, we began studies
to address the situation. Here we describe the life history
of Eurema brigitta.

Figure 2: Classification of Eurema brigitta

E. brigitta known as the Broad-bordered Grass Yellow,
Small Grass Yellow, or No Brand Grass Yellow (Figure 2)
was a small (adult wingspan 30-40 mm), bright yellow but-
terfly in family Pieridae. There are about 55 species in ge-
nus Eurema; E. brigitta can be distinguished from its sim-
ilar congenitors by the lack of black spots on the underside
of the forewing. One of the 15 most common butterflies
in Africa and Southeast Asia is the Small Grass Yellow
which is widespread in almost all countries of both con-
tinents, including Arabia, Madagascar, and other islands.
Here we describe the life history of small Brand Grass Yel-
low Eurema brigitta because of its reproductive efficiency
that depends on lifestyle and feeding pattern (Muthukr-
ishnan and Pandian, 1987; Ramana et al., 2001; Kumar et
al., 2012, Harinath et al., 2014). We also studied larval per-

formance with respect to food utilization by feeding them

on a daily supply of pieces of fresh leaf of the Cassia plant.

SuBsPECIES: (THE SMALL GRrass YELLow (Eurema
brigitta (CRAMER)) ENcycLOPEDIA OF LIFE)
Eurema brigitta hainana (Moore) (Hainan)
*  Eurema brigitta rubella (Wallace) (Sri Lanka, India,
Burma to southern China, Nicobars)
*  Eurema brigitta formosana (Matsumura) (Taiwan)
*  Eurema brigitta yunnana (Mell)
*  Eurema brigitta australis(Wallace) (Australia, New
Guinea, Papua New Guinea)
*  Eurema brigitta brigitta the broad bordered grass
yellow (Tropical Africa)
*  Eurema brigitta pulchella (Boisduval) (Madagascar,
Mauritius, Comoro Islands, Aldabra Islands)
*  Eurema brigitta drona (Hors field) (Sumatra, Java
to Lombok)
*  Eurema brigitta senna (C. & R. Felder) (Peninsular
Malaya, Singapore, Indochina)
*  Eurema brigitta frubstorferi (Moore) (eastern In-
do-China)

Eurema brigitta ina Eliot (southern Sulawesi)

MATERIAL AND METHODS

During the major study on the biology and ecology of
South Indian butterflies, the small grass yellow butterfly
Eurema brigitta (Moore) of Pieridae was found ovipositing
on several leguminous plants including Cassia tora, Cassia
occidentalis, Cassia siamea, Mimosa pudica, Samanea saman
and Peltophrum.'The eggs laid on Cassia mimosoides, Cassia
tora were used for the present study. The host plants Cassia
mimosoides distributed at the Yogi Vemana University cam-
pus botanical garden, Kadapa (78 42°44.539 E 14 28°24.59
N) (Figure 3) were observed for enumerating the eggs, lar-
vae, pupae once every month. Freshly laid eggs along with
the substrate leaf material were collected in Petri dishes of
4 and 9 cm diameter, brought to the laboratory at the Yogi
Vemana University and incubated at around 27°C.

'The emerged larvae were transferred onto tender fresh
leaves of Cassia mimosoides and were followed until pupa-
tion. The number of instars as indicated by skin shedding
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Table 1: Diural activity pattern of Eurema brigitta on the floral species (Visits in each hour given as percentage of total

daily activity)
Name of the species Timetable
6-7 7-8 8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18

Sida acuta burm 0 0 17-19 23-29 11-14 0 16-21 18-23 0 0 6-11 0
Tridax procumbens 0 0-0 0-0 0-0 10-11  15-20 21-25 O 0 0 0 0
Nerium odorum 0 24-31 28-33 0 13-21 21-24 0 0 0 0 0 0
Catharanthus roseus 0 0 0 0 0 12-16 14-22 35-39 1-5 14-20 0 0
Ixora arborea, Roxb.ex sm. 0 0 0 6-11 13-21 18-25 16-20 11-15 6-10 1-4 1-4 1-5

Figure 3: Map showing Study Area

were noted. Particulars of each instar including food con-
sumption and weight gain were recorded. Using the for-
mulae of Waldbauer, larvae performance was assessed in
terms of growth rate (GR), Consumption index (CI), Ap-
proximate digestibility (AD), Efficiency of conversation of
ingested food to body tissue (ECI), and Efficiency of con-
versation of digested food into body tissues (ECD). The
relation of food consumption and growth of larvae was
analyzed statistically using Karl Pearson’s regression and
correlation. Pre-pupal behavior and pupal characters were
recorded. Adult nectar resources, their blooming periods,
corolla lengths, particulars of nectar, butterfly proboscis
length, foraging speed and diurnal activity were recorded.
'The growing larvae were observed regularly to note the
change of instar, and characters including length, width
and weight measurements. As the larvae grew, they need-
ed more space and hence increased space was provided
by transferring the growing larvae to bigger Petri dishes

Figure 4: Waldbauer (1986) formula

Figure 5: Mud pudding behaviour of the small grass yellow
butterfly Eurema brigitta (Cramer)

(15 cm x 2.5 cm depth). Larval performance in terms of
tood utilization indices was calculated as described by the

formulae given by Waldbauer (1968) (Figure 4).

RESULTS AND DISCUSSION

DESCRIPTION

Adult description and nectar resources: Adult wingspan
was 20-25 mm. The male was bright yellow with upper
forewing apex and terminal broader. The female also bears
broader black border on the forewings. The underside of
the forewing of both male and female individuals feed on
floral nectar resource (Table 1).

July 2015 | Volume 3 | Issue 2 | Page 65



OPEN@ACCESS

South Asian Journal of Life Sciences

Figure 6: Photographs of the sequential stages in the life history stags of Eurema brigitta

Mud-puddling behavior: Adults of many families of
Lepidoptera feed from puddles carrion and exacta (Norris
1936; Downes 1993, Adler 1982) (Figure 5). Such behav-
ior was termed “puddling” and many involve aggregations
of individuals feeding at a location which was used repeat-
edly. Sodium which may be on another side, a scarce nutri-
ent in the adult diet triggers puddling behavior at least in
Papilio and Eurema species.

Habitats: The common grass yellow was found all over
India and was abundant in many places. It occurs in large
open patches in the evergreen, semi-evergreen and decidu-
ous forests and in scrub and grasslands near human habita-
tions in urban and rural areas. It was among most common
butterflies. It was widespread species and occurs mostly in
the tropical and subtropical areas of Asia, Africa and all
over India. Although it occurs round the year, it is most
common in the post monsoon months. However, in cer-
tain areas such as gardens and habitations, it may be seen
in the considerable numbers throughout the year owing to
the variety of water and light regions in these habitats and
availability of larval host plants and adult feeding plants all
the months. It has weak fluttering flight. It feeds mostly on
the small low growing flowers. It was also a regular mem-
ber at the mud puddling assemblages.

Larval host plants: The common grass yellow was among
the stages. Its hosts are leguminous plants mostly belong-
ing to the families — Mimosaceae (acacias, touch-me-not
and their relatives), Caesalpiniaceae (Cassia mimosoides) and
Fabaceae. New host plants are constantly being added to

the list of known host plants and it seems as the list will
continue to grow.

Life history and seasonality of life stages: The eggs are
oval, whitish with a smooth surface, laid singly and 0.7-1.2
(1.0 #: 0.02) mm high hatching in 3-4 days (Figure 6 and
7). The larvae pass through five instars, each of the first
four instars continues to grow for 2-3 days before they cast
their skin. The fifth instar lasts 3-4 days. Larval growth
was continuous and increases from a length of 1.2 — 2.0
(1.8 £ 0.1) mm in the first instar to 22.0 — 24.5 (23.1+
0.11) mm in the fifth instar. The cylindrical body was pale
ceramic initially but becomes dark green with black mark-
ings during its development.

Figure 7: Matting pair of Eurema brigitta

These characters persist up to the last instar; additional
characters at this larval stage include the pale yellow col-
our and small black band on the lateral sides of the body.
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Table 2: Month wise distribution of different life stages of Eurema brigitta on Cassia mimosoides in the field

Life cycles stage Jn Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Eggs 15 15 13 11 11 14 19 21 36 33 29 16
Larvae 8 8 6 9 6 5 4 8 20 15 10 12
Pupae 1 1 2 9 8 7 4
Adults 1 1 1 1 1 1 1 2 7 7 6 4

Table 3: Food consumption and utilization efficiencies of Eurema brigitta Larvae on Cassia mimosoides Leaves (Five

samples)
Instar number  Weight of food Weight of faecces Weight gain by GR CI AD ECI ECD
ingested (mg) (mg) larvae (mg)

I 7.0+ 0.08 0.04 + 0.02 0.07 = 0.01 0.79 17.00 79.7 2.0 3.68
I 55.0 = 0.02 1.20 £ 0.08 3.27 + 0.06 0.84 14.60 82.5 6.9 7.12
111 222.0 £ 0.24 12.90 = 0.09 32.50 + 0.01 0.78 6.40 93.4 16.6 18.60
v 240 + 0.26 29.10 £ 0.10 34.60 + 0.11 0.33 2.64 97.5 18.7 22.70
\% 310.0 £ 0.32 60.20 + 0.17 59.40 + 0.18 0.19 1.93 98.0 19.5 23.70

Growth rate (GR); Consumption index (CI); Approximate digestibility (AD); Efficiency of conversion of digested food (ECD);

Efficiency of conversion of ingested food (ECI)

Figure 8: Development success of different life stages of Eurema brigitta in the laboratory

The fully grown fifth instar pupates within one day. The
pupa was yellow to pale green colour, 16.0-17.5 (17.0 +
0.1) mm long with its anterior part drawn into a snout of
4.5 -5.4 (5.0 £ 0.02) mm long. The pupal stage lasts 6-7
days. The development success rate of different life stag-
es in different months was high, it being 80 — 100% for
Eggs, 83 -100% for Larvae and 86- 100% Pupae (Table
2). Month wise distribution of Eggs, Larvae and Pupae
monitored through searches of this life stages on differ-
ent plants of Cassia mimosoides indicates that the three life
stages occur throughout the year in considerable frequency
but with a higher density during September — November
period (Table 2) and this period corresponds well with the
period of their higher development success rate.

Foop ConsumpTiON, GROWTH RATE
UTILIZATION
The data for the weight of food consumed and weight

gained by the larvae are given in Table 3. The same data

AND

could not be collected for instar I due to its small size
with consequent danger in handling. The amount of food
consumed increased from instar to instar, the proportion
of total food consumed in instars from I to V being 0.07,
3.27,32.50, 34.60 and 59.40% respectively. Thus, there was
greatest consumption in instar V. The weight gain corre-
sponded to the food consumption trend of the respective
instars. The weight gain in instar V was 81.65% of the to-
tal larval weight. The weight of successive instars plotted
against the food consumed indicated a clear relationship
between these two parameters (y = 79.1x and 70.05; r =
0.9346) (Figure 9). The values of growth rate increased
from I to Il instar and decreased from instar II to V instar
and the values varying between 0.79 to 0.84 and 0.84 to
0.19. Consumption Index (C.I.) progressively decreased
from instar to instar, the values ranging between 17 and
1.93 mg/day/mg. Table 3 also includes the indices of food
utilization efficiencies A.D., E.C.I., and E.C.D. The range
of A.D. values was 79.7 to 98%, that of E.C.I. 2 to 19.5%
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Figure 9: Month wise distribution of different life stages of Eurema brigitta on Cassia mimosoides in the field

and E.C.D. 3.68 to 23.70%. While E.C.I. and E.C.D. de-

creased, A.D. increased as the larvae progressed.

Quantitative data on consumption and utilization were
obtained feeding the larvae with Cassia mimosoides leaves.
'The weight of food ingested, the weight of faceases, weight
gain in larvae and food consumption growth and food
utilization indices were calculated for each of the five in-
stars (Table 3). The food consumed by instar IT was 8 times
more than that of instar I that by instar III was 4 times
more than that of instar II; that by instar V, was a little
more than that of instar IV. Thus, there was a tremendous
increase in food consumption between instar II and III.
'The same was reflected in the weight of the larvae of instar
III. The same was reflected in the weight of the larvae of
instar III. The rate of intake of food relative to the mean
weight of the larvae as indicated by the consumption index
(CI) was high in instar L. the rate decreased slightly with
instar IT and then decreased steeply from instar II to instar
IIT and rather slowly from instar III to instar IV and also
from instar IV to instar V. The AD values decreased across
the instars. However, the ECD and ECI values showed an
increase through the successive instars. The increase was
rapid from instar II to instar III which indicates that the
efficiency with which digested food was converted to body
substance was more at instar III.

DISCUSSION

Eurema brigitta utilizes several legumes as larval hosts and
was thus polyphagic in its larval nurturing approach. It did
not attain pest status of any of the host plants examined.
But a species of Eurema (E. blanda) which lays eggs in
large batches was reported to assume pest status on Al-
bzzia (Wesley Jenkinson, 2013). All other species of the
genus including E. hecabe and E. brigitta lay eggs singly.
'The strategy of single egg laying was advantageous in that
the breeding females can use many host plants and dif-
ferent species of the host genus within a habitat and this

advantage was being enjoyed by E. brigitta. Normally the
larvae from such species laying eggs singly are less likely to
defoliate their hosts.

'The eggs hatched 3-4 days after incubation in the labora-
tory at around 27°C. The individual larvae had four moults
and five instars: over a period of 11-16 days. The pupal peri-
od was 6-7 days. Thus, the total period required for the egg
to develop into an adult was esteemed to be 20-27 days. As
temperature influences, the length of each stage of life his-
tory, the length of each life history stage and thus the total
length of the life history of E. brigitta may vary in other
regions of its distribution in the country depending on the
prevailing temperatures. Thus, in Bengal, the larval period
was longer (20 days), and the pupal period ranged between
5-25 days. Another period butterfly E. hecabae had the best
development of eggs, larvae, and pupae at 27°C (Table 4,
Ramana, 20032, 2003b). The length of different life stages
of E. brigitta was compatible with that of E.Aecabae, and
the temperature regime favorable for reproduction of these
two Pierids appears to be similar.

Kunte (2000) writes that E. brigitta may have four broods
in places of climate extremes, and 12 broods in places of fa-
vorable climate. In general, the adult life span of a butterfly
may extend from 7-12 days (Opler and Krizek, 1984). If
this general period of life expectancy was applied in the case
of E. brigitta which required 20-27 days for the completion
of life history, 10-11 broods may be reasonable yearly in
the environs of Kadapa. The yearlong distribution of eggs,
larvae and pupae (Table 4) on the host plants in field con-
dition supports this estimation of 10-11 broods and also
shows that July-November period was most conductive for
E. brigitta reproduction, and this period falls within the
north-east monsoon. This peak circulation agrees with Win-
ter-Blyth who carried the spreading of butterflies at a vicin-
ity mostly depending on rainfall environments. The profile
of food consumption and weight gain of successive instars
ran on similar lines, both showing a progressive increase
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Table 4: Development success of different life stages of Eurema brigitta in the laboratory

Life cyclesstage ~ Aug Sep Oct Nov Dec
Eggs incubated 20 25 24 25 27
Larvae hatched 12 24 18 24 25
Pupae formed 10 21 18 22 24
Adults Emerged 10 19 18 20 22

as the larvae aged. The regression of weight gain on food
consumption yielded an equation: Y=79.1x with the value
of 70.05 exceeding the table value of r=0.9346, (Figure 9)
this indicating a linear relationship between the two var-
iables.

Food consumption index (CI), Growth rate (GR), and ap-
proximate digestibility (AD) all behead in a similar way
with the values decreasing as the larvae aged. The average
values of CI and GR are 0.59 and 7.71 respectively; the
first two instars recorded values higher than these aver-
ages. The percentages of AD ranged between 79.7 —98.0,
the first three instars registered higher AD values than the
mean. High AD values are often expected when the fo-
liage forms the food rich in nitrogen (and water). Com-
pared to the AD values, those of ECD and ECI are low,
the ECD values ranging from 3.68-23.70 and of ECI from
2.0 - 19.5. Both ECD and ECI showed a similar pattern
of increase with the age of larvae. Comparatively higher
values of the last instars (ECD =22.70, 23.70; ECI =18.7,
19.5) indicates the quality of Cassia mimosoides as food for
E. brigitta. Being a legume, Cassia mimosoides foliage must
be rich in nitrogen and being an annual ford, its leaf water
content was in the range of 75-80%.

Both larval and adult resources are the basic pre-requisites
of habitat suitability for butterflies (Slansky and Scriber,
1985). E. brigitta utilizes many legumes and different floral
species as adult nectar sources. Floral nectar (Table 1) was
a vital source of sugars and amino acids and provides ener-
gy for flight, which was a vital force to find mates and food
plants on which they lay eggs (Harris and Harris, 1997).
'The choice of oviposition of host species by the polypha-
gous E. brigitta was likely to depend on the adult require-
ment of floral resources as demonstrated in the choice of
oviposition host species in Euphydryas chalcedona. Nectar
intake might increase adult longevity, egg production and
egg maturation (Waldbauer, 1968). The range of sugar
concentration of floral species for E. brigitta (19-59%) cor-
responds well with 15- 50 % of psychophilic floral nec-
tars. While foraging at flowers, E.a brigitta received pollen
mostly on proboscis and head, thus complains about an
important requirement of psychophily and provides its ef-
fectiveness in pollinating its floral species.

Adult feed on the damaged and ripened fruit helps them

in obtaining proteins and carbon sources with such nu-

Jan Feb Mar Apr May June July
25 10 10 12 9 10 18
24 9 11 8 8 15
23 9 10 7 13
22 9 9 6 12

trient uptake improving egg productivity (Fischer et al,,
2004). The larval food also appears to be highly nutritional
as indicated by the observed values of assimilation effi-
ciency (A.D), the efficiency of conversion of ingested food
(E.C.I), and the efficiency of conversion of digested food
(E.C.D) into the body substance. The chemistry of the
leaf, particularly its nitrogen and water content, influenc-
es the assimilation efficiency (Pandian and Marian, 1986).
'The Cassia mimosoides leaves contain 2.35% nitrogen and
75.25% water (Senthamizhselvan and Murugan, 1988).
Hence the observed high A.D value, mean 90.97%. Such
high values are characteristic of the foliage feeders (Slansky
and Scriber, 1985) and indicative of their high growth ef-
ficiency (Singhal, 1980). The values of E.C.D. and E.C.I,,
particularly those of the last two instars, are also relatively
high, thus respectively indicating tissue growth efhiciency
and ecological growth efficiency, which enabled E. briggata
to thrive successfully in the urban environment. The mean
temperature begins to rise from later half of February and
it was maximum on some days (38 — 43°C) during May/
June. Monsoon rains cool the tropical heat from June/July
onwards, with the mean temperature remaining relatively
high through October and thereafter decreasing to a min-
imum (26-32°C) in January/February.

Figure 10: Normal P-P plot of FING

As it was expected of a semi environment, the maxi-
mum-minimum range in temperature was narrow, and the
difference rarely exceeds 22°C. Mean monthly tempera-
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ture, relative humidity, rainfall (Figure 10) and sunlight
data for the study years borrowed from the ISRO (Super-
computer facility) at the Yogi Vemana University campus,
Kadapa.
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