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Parthenium beetle, Zygogramma bicolorata Pallister
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ABSTRACT: A study was designed to evaluate the combined effects of age, mating status and sex on the feeding attributes of the Parthenium
beetle, Zygogramma bicolorata Pallister when fed on Parthenium hysterophorus L., a serious weed of wastelands, pastures and agricultural
fields. Newly emerged adult beetles were placed in two groups. Adults of the first group were kept unmated and their daily feeding and growth
attributes were assessed for the following 20 days. By comparison, males and females of the second group were allowed to mate on the 11th
day (attainment of sexual maturity) and mating pairs were kept individually to assess their daily feeding and growth attributes for the following
10 days. Results revealed higher consumption and growth rates of Z. bicolorata females than males. In contrast, males exhibited higher food
conversion efficiencies than the females. However, food consumption and growth rates of unmated adults were higher than mated adults. Age-
based regression graphs revealed decreased consumption rates, conversion efficiencies and growth rates of Z. bicolorata adults with increase
in age. However, the mean body biomass of adults increased with increasing age. This further suggested compensatory feeding in Z. bicolorata
adults as they age. The present findings may be helpful to mass-multiply Z. bicolorata in laboratories for the biocontrol of Parthenium weed
in agricultural farms on the Indian subcontinent.
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INTRODUCTION While studies evaluating age-based food consumption
and utilization efficiencies of males and females in
phytophagous insects are in records (Chandravanshi et al.,
2018), but those assessing twin effects of age and mating
status on their food conversion and utilization are hardly any.
To fill this gap, present study was designed using Parthenium
beetle, Zygogramma bicolorata Pallister (Coleoptera:
Chrysomelidae) as the experimental model. Zygogramma
bicolorata was introduced to India from Mexico in 1983 by
Indian Institute of Horticultural Research, Bengaluru, India,
for the biocontrol of Parthenium hysterophorus Linnaeus
(Family: Asteraceae), a serious weed of wastelands, pastures
and agricultural fields (Jayanth and Nagarkatti, 1987). Studies
assessing effects of food quality and quantity, temperature,
photoperiod, crowding, and larval stages on the life attributes
of Z. bicolorata are numerous (Omkar et al., 2009; Hasan
and Ansari, 2016; Chidawanyika et al., 2017; Cowie et al.,
2018). However, studies on age-based food consumption and
utilization by males and females of Z. bicolorata are still
lacking. In this regard, the present study has been designed
so that the results may be helpful in assessing energy budget

All living organisms are the ‘transformers of energy’.
They participate in conversion of energy from one form to
another. Like other organisms, insects as well transform and/
or store nutrients derived energy for their survival, growth and
reproduction (Omkar and Afaq, 2011; Corcket et al., 2017).
Since, phytophagous insects are the links in the chain of matter
and energy transmission in terrestrial ecosystems; hence
knowledge of their food intake, their efficiency of food utilization
and their responses to food consumption may have wide
ecological implications (Simpson and Simpson, 2017; Leather,
2017, 2018). Studies in phytophagous insects have shown that
their developmental, survival and reproductive attributes depend
on the quality and/or quantity of food they consume (Silva et al.,
2017; Leather, 2017, 2018). In addition, abiotic factors like
temperature and elevated CO, (Murray ef al., 2013a, b; Zhang
et al., 2018) also influence the food consumption, conversion
and utilization efficiencies of phytophagous insects. Moreover,
ageing is another factor that significantly alters their life attributes
(Edward and Chapman, 2011).
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of Z. bicolorata for various biological activities and would
improve our understandings of the feeding biology and

nutritional ecology of Z. bicolorata on Parthenium weed.

MATERIALS AND METHODS

Stock maintenance

Adult males and females of Zygogramma bicolorata
were collected from the agricultural fields of Varanasi, India
(25°20°N, 83°0’E) and paired randomly in plastic beakers
(9.0 x 6.5 cm?). They were reared under constant abiotic
conditions (27+ 2°C; 65+5% relative humidity; 14:10 light:
dark hours) in BOD Incubator (NSW-152; Narang Scientific
Works Pvt. Ltd., New Delhi, India) on daily replenished
supply of Parthenium leaves. Eggs laid were collected
every 24 h and subsequent first instars were used for further
experimentation.

Experimental design

First instar larvae of Z bicolorata (n=100) were
individually reared on ad libitum biomass of Parthenium
inflorescence/leaves up to adult emergence under abiotic
conditions similar to stock culture. Newly emerged adults
were divided into two groups. The adults of first group
were weighed (using Analytical Balance: RA-200, Roy
Electronics, Varanasi, India) and reared individually on ad
libitum biomass of food (=30 mg of leaves) daily for next
20 days. During this period food was replenished each day,
and the weight of adults along with the biomass of leftover
food were recorded every 24 h. While the adults were kept
unmated throughout the experimental period; however, soon
after the completion of experiment, they were allowed to
mate and the data were analysed.

In second group, the newly emerged adults were
weighed and reared individually on ad libitum biomass of
food daily for next 10 days. However, on eleventh day (i.e.,
attainment of sexual maturity by adults), the adults were
allowed to mate and mating pairs were separated. Males
(n=10) and females (n=10) of each mating pair were reared
individually on ad libitum biomass of Parthenium leaves for
next 10 days. During this period the food was replenished
daily, adults were allowed to mate once, and their weight
along with the biomass of leftover food were recorded
every 24 h.

Feeding attributes, viz. consumption rate, conversion
efficiency and growth rate of the adults were calculated
using the following formulae (Patel et al., 2018):

1. Consumption rate (mg-day!) =
Leaf biomass consumed by the adult (mg)

Feeding duration of the adult (days)
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2. Conversion efficiency =
Increased biomass of the adult (mg)

Leaf biomass consumed by the adult (mg)

3. Growth rate (day') =
Fresh mass gain of adult (mg)

[(Feeding duration (days))x Mean biomass of adult (mg))]

Where, mean body biomass is average of the initial
(prior to experimentation) and final (after experimentation)
biomass.

Statistical analysis

Data were checked for normal distribution using
Kolmogorov—Smirnov test for normality and Bartlett’s test for
homogeneity of variances prior to further analysis. Feeding
attributes (dependent factors) that were recorded each day,
viz. consumption rate, conversion efficiency, growth rate and
mean body biomass of adults, were subjected to three-way
ANOVA followed by Tukey’s post hoc comparison of means,
considering age (from day 1 till day 20), mating status
(unmated/ mated), sex (males/females) and their interaction
as independent factors during the analysis. Feeding attributes
were further regressed with age and the graphs were
extrapolated. All statistical analyses were performed using
MINITAB 16 (Minitab Inc., State College, Pennsylvania,

United States of America) on PC.

RESULTS AND DISCUSSION

Three-way ANOVA revealed significant influence
of age, mating status, sex and their interaction on the
consumption rates of Zygogramma bicolorata adults (Table 1).
Age-specific  regression  graphs revealed increased
consumption rates of Z. bicolorata adults with increase in
age, but up to a certain age, thereafter their consumption rates
declined with further increase in age. However, unmated
adults had higher consumption rates than the mated ones;
being higher in females than in males (Fig. 1).

Further, the growth rates of Z. bicolorata adults were
significantly affected by the three independent factors, but not
by their interaction (Table 1). Age-specific regression graphs
revealed decreased growth rates in Z. bicolorata adults with
increase in age. Comparison of means further revealed higher
growth rates of unmated adults than the mated ones, being
higher for females than the males (Fig. 2).

While the conversion efficiencies and mean body
biomasses of Z. bicolorata adults were significantly affected
by their age and sex. However, neither mating status nor
the interaction amongst the three independent factors
significantly influenced their conversion efficiencies and
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Table 1.

attributes of Zygogramma bicolorata (F-values significant at P<(.05)

General ANOVA table showing the effects of age, mating status, sex and their interaction on feeding

Independent variables

Dependent variables

Consumption rate

Conversion efficiency

Growth rate

Mean body biomass

Age
(1 day-20 days)

F=192.48; P<0.0001;
df=19, 799

F=4.51; P<0.0001;
df=19, 799

F=214.67; P<0.0001;
df=19, 799

F=14.60; P<0.0001;
df=19, 799

Mating status

F=3204.48; P<0.0001;

F=0.97; P=0.325; df=1,

F=2286.85; P<0.0001;

F=1.02; P=0.313; df=1,

(Mated/ Unmated) df=1, 799 799 df=1, 799 799
Sex F=57.49; P<0.0001; F=4.87; P=0.028; df=1, | F=63.44; P<0.0001; df=1, | F=319.62; P<0.0001;
(Male/ female) df=1, 799 799 799 df=1, 799
z&teza?mﬁn watus | FE176; P=0.024; F=1.16; P=0.289; df=19, | F=0.49; P=0.967; df=19, | F=0.69; P=0.833; df=19,
g g statu df=19, 799 799 799 799
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Fig. 1. Regression graphs showing the effect of age and mating
status on consumption rates and conversion efficien-
cies of males and females of Zygogramma bicolorata.
Note: Small letters represent comparison of mean values
between mated and unmated individuals based on Tukey’s
post-hoc comparison of means.

mean body biomasses (Table 1). Age-specific regression
graphs revealed an increase in conversion efficiency of Z
bicolorata adults with increase in their age, but till a certain
age. Thereafter their conversion efficiency declined with
further increase in age. In contrast, mean body biomass of Z.
bicolorata adults increased with increase in age. While males
had higher conversion efficiencies than the females, however,
females exhibited higher mean body biomass than the males
(Fig. 1 and 2).

In the present study, age-specific graphs revealed an
increase in consumption rates of Z. bicolorata adults with
increase in their age, but up to a certain age; thereafter their
consumption rates declined with further increase in age.
The increased food consumption by adults at early ages may
be ascribed to their high energy requirements for gonadal
development and to attain sexual maturity, since quantity of
food influences the rates of development, reproductive output

100

¢ Unmated male 0Mated male

+ Unmated male

0 Mated male

Re=0976 y=-0.022x2+0.998x+20.05
Ri=0985

bbb33
L2

Growthrate (per day)

""""""
aa 22

Mean body biomass (mg)
8

y=-0.003x%- 0.006x+ 1.614
R2=0971 2 % y=0017x2+0.846x+19.57
Ri= 0952

mo1B 1517 19
Days

22
1 3 5 7 9 1 1315 17 19 1 3 5 7 9

Days

+ Unmated female OMated female m

= T
2.00

z = y=0001x2-0079x+ 2003 E 40

M Ri=0939 o

& 150 £

s £

2 3

£ 100 ] z®

- a £ aa %

E T 28 F21 y=-0.020x3+ 1.000x+25.68

3 y=-0.001x2-0.039x+1973 g, g a R*=0.990
0.50 Ri=0974 T YR

1 3 5 7 9 1 13 15 17 19 1 3 5 7

Days

9 1 13 15 17 19
Days

Fig. 2. Regression graphs showing the effect of age and mating
status on growth rates and mean body biomasses
of males and females of Zygogramma bicolorata.
Note: Small letters represent comparison of mean values
between mated and unmated individuals based on Tukey’s
post-hoc comparison of means.

and the fitness (Chidawanyika et al., 2017; Patel et al., 2017).
The process of senescence may be another factor that can lead
to decline in food consumption by adult males and females,
characterised by decline in fertility, assimilation and speed of
locomotion with age (Dixon and Agarwala, 2002; Mishra et
al.,2012). However, the higher consumption rates of unmated
adults of Z. bicolorata over their mated ones are in conformity
with the findings of Rhamhalinghan (1987) in seven-spotted
coccinellid beetle, Coccinella septempunctata Linnaeus.

Higher consumption rates of females than the males
may be attributed to: (i) their higher nutrient and energy
requirements for ovarian development and egg production,
and (ii) their larger size which has greater food nutrient
requirements owing to possible high-energy expenditures for
sustenance. The present findings are in agreement with those
reported earlier (Moeser and Vidal, 2005; Omkar and Afaq,
2011).
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In the present study, the decreased growth rates in
males and females of Z. bicolorata with increase in age may
probably be owing to the physiological effects of senescence
leading to decreased consumption rates. However, the higher
growth rates of females than the males may be owing to their
large size and high consumption rates, as the females need
high amount of energy for reproduction and oviposition.

Age-specific graphs further revealed an increase in
conversion efficiency of adults with increase in their age,
but up to a certain age. Thereafter a declining pattern in
conversion efficiency was recorded for the adults of Z
bicolorata with further increase in age. This may possibly be
owing to the physiological effects of ageing. In contrast, mean
body biomass of Z. bicolorata adults increased with increase
in age. This further suggests that males and females of Z.
bicolorata increase their digestive capabilities as they age, so
as to compensate for their increased nutritional needs. Similar
results were reported earlier in coccinellid beetles by Dixon
and Agarwala (2002) and Mishra et al., (2012). In the present
study, the small size of male may possibly be responsible
for its higher conversion efficiency than the female. Higher
conversion efficiencies in insects due to small size have also
been reported earlier (Omkar and Afaq, 2011; Mishra ef al.,
2011, 2012).

In brief, the present study shows that: (i) females
consume more food and exhibit higher growth rates than
the males. In contrast males have higher food conversion
efficiencies than the females. (ii) Both the food consumption
and growth rates are higher for the unmated adults than the
mated ones. (iii) While the age-specific graphs revealed
decreased consumption rates, conversion efficiencies and
growth rates of Z. bicolorata adults with increase in age, but
their mean body biomasses increased with further increase
in age. This further suggests that the adults of Z. bicolorata
exhibit compensatory feeding as they age. The results of
present study may be helpful in developing strategies to
suppress P hysterophorus by Z. bicolorata in agricultural

farms on the Indian subcontinent.

ACKNOWLEDGEMENTS

The author is thankful to UGC-CAS and DST-FIST
funded Department of Zoology, Banaras Hindu University,
Varanasi, India, for laboratory facilities and to the University’s

and UGC-BSR start-up grants for financial assistance.

REFERENCES

Chandravanshi H, Ganguli J, Sharma S, Kushwaha RK,
Chandrakar GK. 2018. To work out the feeding potential
of Mexican beetle, Zygogramma bicolorata P. under

101

laboratory conditions. Int J Curr Microbiol Appl Sci. 7:
860-866.

Chidawanyika F, Nyamukondiwa C, Strathie L, Fischer K.
2017. Effects of thermal regimes, starvation and age on
heat tolerance of the parthenium beetle Zygogramma
bicolorata (Coleoptera: Chrysomelidae) following
dynamic and static protocols. PLoS One 12: €0169371.
https://doi.org/10.1371/journal.pone.0169371
PMid:28052099 PMCid:PMC5215736

Corcket E, Giffard B, Sforza RFH. 2017. Food webs and
multiple biotic interactions in plant-herbivore models,
pp. 111-137. In: Sauvion N, Thiery D. and Calatayud
PA. (Eds.). Advances in Botanical Research. Academic
Press, Cambridge, Massachusetts, USA.

Cowie BW, Witkowski ET, Byrne MJ, Strathie LW, Goodall M,
Venter N. 2018. Physiological response of Parthenium
hysterophorus to defoliation by the leaf-feeding beetle
Zygogramma bicolorata. Biol Control. 117: 35-42.
https://doi.org/10.1016/j.biocontrol.2017.08.022

DixonAFG,AgarwalaBK. 2002. Triangular fecundity function
and ageing in ladybird beetles. Ecol Entomol. 27: 433-
440.https://doi.org/10.1046/j.1365-2311.2002.00429.x

Edward DA, Chapman T. 2011. Mechanisms underlying
reproductive trade-offs: costs of reproduction, pp. 137—
152. In: Flatt T. and Heyland A. (Eds.). Mechanisms
of life history evolution: the genetics and physiology
of life history traits and trade-offs. Oxford University
Press, Oxford, UK. https://doi.org/10.1093/acprof:
0s0/9780199568765.003.0011

SM. 2016. Temperature-dependent
and demography of Zygogramma
(Coleoptera: Chrysomelidae) on
Parthenium hysterophorus. Ann Appl Biol. 168: 81-92.
https://doi.org/10.1111/aab.12244

Hasan F, Ansari
development
bicolorata

Jayanth KP, Nagarkatti S. 1987. Investigations on the host-
specificity and damage potential of Zygogramma
bicolorata  Pallister (Coleoptera: Chrysomelidae)
introduced into India and for the biological control of
Parthenium hysterophorus. Entomon 12: 141-145.

Leather SR. 2017. Life history traits of insect herbivores in
relation to host quality, pp. 191-224. In: Bernays EA.
(Ed.). Insect-Plant Interactions. CRC Press, Boca
Raton, Florida, USA.

Leather SR. 2018. Factors affecting fecundity, fertility,
oviposition, and larviposition in insects, pp. 143-174. In:



Age, mating status and sex influence food consumption and utilization efficiency Zygogramma bicolorata

Leather Sr. and Hardie J. (Eds.). Insect Reproduction.
CRC Press, Boca Raton, Florida, USA.

Mishra G, Kumar B, Shahid M, Singh D, Omkar. 2011.
Evaluation of four co- occurring ladybirds for use as
biocontrol agents of the pea aphid, Acyrthosiphon pisum
(Homoptera: Aphididae). Biocontrol Sci Tech. 21: 991-
997 .https://doi.org/10.1080/09583157.2011.594953

Mishra G, Omkar, Kumar B, Pandey G. 2012. Stage
and age-specific predation in four aphidophagous
ladybird beetles. Biocontrol Sci Tech. 22: 463-476.
https://doi.org/10.1080/09583157.2012.664617

Moeser J, Vidal S. 2005. Nutritional resources used
by the invasive maize pest Diabrotica virgifera
virgifera in its new Southeast-European
distribution range. Entomol Exp Appl. 114: 55-63.
https://doi.org/10.1111/.0013-8703.2005.00228.x

Murray TJ, Ellsworth DS, Tissue DT, Riegler M. 2013a.
Interactive direct and plant-mediated effects of
elevated atmospheric [CO2] and temperature on a
eucalypt-feeding insect herbivore. Global Change
Biol. 19: 1407—-1416.https://doi.org/10.1111/gcb.12142
PMid:23504696

Murray TJ, Tissue DT, Ellsworth DS, Riegler M. 2013b.
Interactive effects of pre-industrial, current and
future [CO2] and temperature on an insect herbivore

of  Eucalyptus.  Oecologia  171:  1025-1035.
https://doi.org/10.1007/s00442-012-2467-9
PMid:23053228

Omkar, Afaq U. 2011. Food consumption, utilization
and ecological efficiency of Parthenium Beetle,
Zygogramma  bicolorata  Pallister  (Coleoptera:
Chrysomelidae). J Asia Pacific Entomol. 14: 393-397.
https://doi.org/10.1016/j.aspen.2011.04.011

102

Omkar, Rastogi S, Pandey P. 2009. Effect of temperature
on reproductive attributes of the Mexican
beetle Zygogramma bicolorata (Coleoptera:
Chrysomelidae). Int J Trop Insect Sci. 29: 48-52.
https://doi.org/10.1017/S1742758409298754

Patel P, Kumar B and Kumar D. 2017. Fluctuations in defended
prey availability modulate the functional response
curves of Menochilus sexmaculatus (Coleoptera:
Coccinellidae). Acta Entomol Sin. 60: 1031-1040.

Patel P, Kumar B, Kumar D. 2018. Stage specific feeding
attributes of Parthenium beetle, Zygogramma bicolorata
Pallister (Coleoptera: Chrysomelidae) under fluctuating
food quality. J Exp Zool India. 21: 49-53.

Rhamahalinghan M. 1987. Feeding behaviour of Coccinella
septempunctata L. var. confusa Wiedemann (Coleoptera:
Coccinellidae) in relation to temperature — 1. Pre-
oviposition period. J Entomol Res. 11: 178—183.

Silva DMD, Bueno ADF, Andrade K, Stecca CDS, Neves
PMOJ, Oliveira MCND. 2017. Biology and nutrition of
Spodoptera frugiperda (Lepidoptera: Noctuidae) fed on
different food sources. Sci Agric. 74: 18-31.-https://doi.
org/10.1590/1678-992x-2015-0160

Simpson CL, Simpson SJ. 2017. The mechanisms of
nutritional compensation by phytophagous insects,
pp. 111-160. In: Bernays EA. (Ed.). Insect-Plant
Interactions. CRC Press, Boca Raton, Florida, USA.

Zhang YF, Wan GJ, Liu B, Zhang XG, Xing GN, Chen
FJ. 2018. Elevated CO2 and temperature alter
development and food utilization of Spodoptera litura
fed on resistant soybean. J Appl Entomol. 142: 250-262.
https://doi.org/10.1111/jen.12463



