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Feeding attributes of phytophagous insects are greatly
influenced by abiotic and biotic factors. Therefore, we
assessed the combined effect of temperature, age and
sex on food consumption and utilization efficiencies of
Zygogramma bicolorata Pallister. This Mexican beetle
is known as one of the most promising candidates for
the biocontrol of Parthenium hysterophorus Linnaeus,
a noxious weed of barren, grazing and farming lands.
Temperature, age and sex influenced food consumption,
its utilization and ecological efficiencies of the beetle.
Temperature between 27°C and 30°C was found opti-
mal for 20-day-old adults of Z. bicolorata to convert and
utilize the food biomass to body mass. Above and below
the optimal temperature and age, the feeding attributes
declined. Young females kept at 27°C consumed more
food and laid more number of eggs compared to other
females at different temperatures. This study reveals
that females are more voracious feeders than the males
regardless of temperature regimes. The present findings
can be helpful to mass-multiply Z. bicolorata in the labor-
atory for the biocontrol of Parthenium weed in fields
and agricultural farms. The results also suggest that
global climate change may affect the biocontrol poten-
tial of the insect, but field investigations are needed to
support the present findings.

Keywords: Age, biocontrol, food, sex, temperature, Zygo-
gramma bicolorata.

ALL insects require a certain amount of energy for their
development, reproduction and survival. Favourable con-
ditions with ample food and energy resources combined
with an innocuous environment enhance the survival rate
of insects. Both quantity'™ and quality””’ of food consumed
by the insects are known to influence the survival and
growth of immature stages as well as reproduction in adults.
Studies were done to answer the questions of how and to
what extent an organism can alter its physiological and
behavioural processes like consumption rate and metabo-

*For correspondence. (e-mail: uzmaafaq@iul.ac.in)

CURRENT SCIENCE, VOL. 125, NO. 7, 10 OCTOBER 2023

lism to achieve and maintain its optimal state. The result
of study® reveals that the physiological afflictions linked
with egg production in mated females were indicated by
their higher relative consumption rate, prior and higher
rate of egg laying, better lifetime relative metabolic rate
and more net and gross production efficiencies than unmated
adults. Previous studies reported that optimal temperature
can promote accumulation of energy reserves in Droso-
phila® and fluctuation in temperature can modulate phys-
iological development like metabolic rate in insects'™'". It
has been observed that climate change has resulted in
range shifts'>"* and changes in the periodic biological phe-
nomena in various insects'*.

Phytophagous insects act as a link in the matter and energy
transmission in terrestrial ecosystems. Consequently, infor-
mation about food consumption, its utilization along with
ecological efficiencies of phytophagous insects is essential.
Food consumption by phytophagous insects in relation to
various parameters, viz. food quality'>"’, chemicals, like
fertilizers'™", larval stages™ >, sex***, previous experience
of food consumption®® and age***’' have been frequently
studied by various workers. These studies are not only
helpful in understanding the quantitative utilization of
food, but also bestow knowledge on important biological
processes and the behaviour of insects.

Understanding the relationship between biotic and abiotic
factors on different biological characteristics is necessary
for the development of a good pest population calculation
system and management programme. However, this com-
bined study is lacking in Zygogramma bicolorata Pallister,
which was imported from Mexico to India in 1983 by the
Indian Institute of Horticultural Research, Bengaluru for
the biocontrol of Parthenium hysterophorus Linnaeus®'.
The present study was done to quantify the combined effects
of temperature, age and sex on food consumption, its uti-
lization and ecological efficiency in Z. bicolorata, since
for ecologically relevant problems it is necessary to have
information about the optimal requirements of food, tem-
perature and age of an organism. Another important verity
is that food and temperature should not be considered sep-
arately because of their natural independence™.
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Materials and methods
Maintenance of stock culture

Adults of Z. bicolorata were collected from the campus of
the University of Lucknow, Uttar Pradesh, India (26°50'N,
80°54’E) and brought to the laboratory to establish a stock
culture. The stock culture was maintained in plastic petri
dishes (9.0 cm x 2.0 cm) under controlled abiotic conditions
(27° £ 1°C; 65% £ 5% relative humidity; 14 h light: 10 h
dark) in environmental test chambers (CH-6S, Remi In-
struments, Mumbai). The excised leaves of P. hysterophorus
were used as a food; leftover leaves were replaced after
every 24 h with fresh ones. Adults from stock culture were
paired in plastic petri dishes and allowed to mate. The
eggs were collected daily and hatched first instars were
reared in plastic petri dishes of the same area on the same
food source as above. The development of second, third
and fourth instars were completed in petri dishes. The fully
grown grubs were transferred to plastic beakers (9.0 cm x
6.5 cm) half filled with moist sand for pupation. Newly
emerged adults were placed singly in petri dishes for fur-
ther use in experiments.

Experimental protocol

Adults of different ages, viz. newly enclosed (<12-h-old),
5-days-old, 10-days-old, 15-days-old, 20-days-old, 25-days-
old, 30-days-old, 35-days-old and 40-days-old, were weighed
using an electronic balance (Sartorius CP225-D, Germany)
with 0.1 mg precision. They were maintained at five con-
stant temperatures, viz. 20°C, 25°C, 27°C, 30°C and 35°C, in
plastic Petri dishes (size as above) and provided with pre-
weighed amount of fresh Parthenium leaves (150 mg).
The unconsumed leaves were weighed after 24 h. Adults
were also weighed after 24 h. However, on the tenth day,
males and females were paired for mating and after com-
pletion of mating each partner was provided with pre-
weighed fresh Parthenium leaves (150 mg). Leftover
leaves by the beetle and weights of the beetle were weighed
after food consumption (every 24 h). Eggs laid by females
at each age were also recorded. The experiment was repeated
at each of the five constant temperatures mentioned above.
All weights were taken at the time of food change. There
were ten replicates per group.

Dry biomass was calculated by converting fresh weight
into the dry weight. For the purpose, fresh weight were
recorded then they were air-dried at 80°C for 24 h and
again after drying their weight were recorded. For dry bio-
mass of adults, fresh weight of adults (male and female)
was recorded following which they were killed, air-dried
at 80°C for 24 h and weighed. There were 15 replicates
per group. The weights obtained were used for the calcula-
tion of dry biomass per milligram of fresh leaf, adults and
eggs. The dry weight of the food consumed, efficiency of
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conversion of ingested food (ECI) and growth rate were
calculated using the formulae given by Waldbauer®’.

Statistical analysis

All data were tested for normality using Kolmogorov—
Smirnov test and Bartlett’s test for homogeneity of vari-
ance prior to further analysis. Three-way ANOVA was
conducted with all feeding attributes as dependent variables,
and temperature, age and sex and their interactions as in-
dependent variables followed by Tukey’s post-hoc com-
parison of means. Oviposition by females of Z. bicolorata
was statistically analysed for the combined and individual
effect of temperature and age using two-way ANOVA taking
temperature as the row factor and age as the column factor.
Dry food consumption of females was regressed against
eggs laid by them. All statistical analyses were performed
using MINITAB 16 on a portable personal computer.

Results

The three-way ANOVA reveals a significant influence of
temperature, age, sex and their interactions on dry food
consumption of the beetles (Table 1). Age-specific regression
graphs show that dry food consumption increases with in-
crease in age up to a certain duration, thereafter it decreases
further increase in age. However, 20-day-old females at
27°C had the highest food consumption (Figure 1).

Temperature, age and their interactions had a significant
effect on ECI; however, the effect of sex and its interactions
was statistically not significant (Table 1). However, 20-day-
old males at 27°C had the highest conversion efficiency
(Figure 2). Further, growth rate and dry biomass gain of
adult beetles were significantly influenced by the three in-
dependent factors (Table 1). Although males had a higher
growth rate than the females (Figure 3), the latter exhibited
higher dry biomass gain (Figure 4).

There was a significant effect of temperature and age of
the beetles (F=470.40; P <0.001; df=6315) on fecundity.
It was maximum for 20-days-old females at 27°C and
minimum for newly emerged beetles at 35°C (Figure 5).
The interaction between temperature and age significantly
influenced fecundity. Eggs laid by the female Z. bicolorata
were strongly regulated by dry food consumption and the
trend can be best depicted by a linear regression equation:
Y=0.518X—-24.9 (R* =0.275; P <0.001) with significant
regression coefficient.

Discussion

Abiotic and biotic factors are known to influence the
growth, consumption and food utilization efficiencies of phy-
tophagous insects”. Among the biotic factors, diet plays a key
role in survival, behaviour, development, metamorphosis,
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Table 1.

Effect of temperature, age, sex and their interactions on feeding attributes of Zygogramma bicolorata

Dependent variables

Independent variables Dry food consumption

ECI Growth rate Dry biomass

Temperature F=722.53; P<0.001; F=4496; P<0.001; F=159.67, P<0.001; F=193.30; P<0.001;
df=4392 df=4392 df=4392 df=4392
Age F=91.70; P <0.001; F=187.45; P<0.001; F=156.10; P <0.001; F=175.13; P<0.001;
df=8392 df=8392 df=8392 df=8392
Sex F=537.53; P<0.001; F=0.28; P> 0.05; F=12.68;, P<0.001; F=20.29; P<0.001;
df=1392 df=1392 df=1392 df=1392
Temperature * age F=3.12; P<0.001; F=1194; P<0.001; F=24.26, P<0.001, F=27.03;, P<0.001;
df=32,392 df=32,392 df=32,392 df=32,392
Age * sex F=3.11;P<0.01; F=0.96; P> 0.05; F=0.51; P>0.05; F=0.81; P>0.05;
df=8392 df=8392 df=8392 df=8392
Temperature * sex F=16.98;, P<0.001; F=1.05; P>0.05; F=1.50; P>0.05; F=0.67,P>0.05;
df=4392 df=4392 df=4392 df=4392
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Figure 1. Temperature and age-specific dry food consumption (mg) in

Zygogramma bicolorata.

reproduction, life-table parameters and population dynam-
ics of phytophagous insects’. The present study reveals
that temperature, age and sex of this insect play a key role
in food consumption, its utilization and ecological efficien-
cies. Several growth parameters like dry food consump-
tion and growth rate were significantly influenced by
temperature as well as age of the beetles. However, ECI
was significantly affected by temperature and age, but not
by sex of the beetles. The efficiency of conversion of in-
gested food, also known as ‘growth efficiency index’, is a
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Figure 2. Temperature and age-specific efficiency of conversion of
ingested food in Z. bicolorata.

reliable indicator for examining the overall ability of the
insect to use its food to produce biomass.

The dry food consumption, ECI and growth rate of Z.
bicolorata were found to increase up to 20 days from their
emergence. This enhanced consumption of food by the
adult beetles at an young age can be attributed to: (a) their
elevated demand of energy for development of gonads and
to attain sexual maturity and (b) senescence. Several studies
reported that food consumption modulates reproduction as
well as fitness of an individual®~>*. Senescence can facilitate

773



RESEARCH ARTICLES

decrease in consumption of food by adult beetles, charac-
terized by decrease in oviposition, assimilation and pace
of locomotion with age. The enhanced voracity by female
beetles can be ascribed to their bigger size’’, as large size
has more food nutrients requirement due to high-energy ex-
penditure for sustenance and reproduction®.

The decreased growth rate in adult beetles with ageing
can be ascribed as a physiological consequence of senes-
cence which results in decreased consumption rates. On the
other hand, the resultant higher growth rates of females
can be ascribed to their larger size and high consumption
rates, as the females require more energy for reproduction
and egg production™*°.

The increased conversion efficiency of young adults
might be a physiological effect of their age. However,
higher conversion efficiency of males than females can be
ascribed to their smaller size. The present findings are in
agreement with those reported earlier™. Further, increased
mean body biomass of adults with ageing propounds that
their digestive capabilities improve with age to compensate
for their increasing nutritional requirements.

Fecundity was found to be influenced by the age of the
female beetles. It was maximum for 20-day-old beetles.
This increment in fecundity is the result of increased con-
sumption of food to accomplish their high energy demands,
as females require more nutrients and energy to increase
their reproductive fitness. It has been reported earlier that
depletion in the quality as well as quantity of food con-
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Figure 3. Temperature and age-specific growth rates of Z. bicolorata.

774

sumed results in delay in the onset and decline in the rate
of egg production in females®®. The quantity, quality and
rate of food consumption by adults are known to have a
significant influence on fecundity®”*’. It has been previously
reported by many workers that daily and lifetime fecundity
are influenced differently by the food and nutrients ingested
by the adults*'. The better quality and quantity of food
probably causes early ovariole ripening and leads to more
efficient conversion of food into eggs***. Thus, it can be
demonstrated that the feeding of adults affects the repro-
ductive performance of Z. bicolorata.
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Figure 4. Temperature and age-specific dry weight gain in Z. bicolorata.
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Figure 5. Temperature and age-specific oviposition by female Z. bicolo-
rata.
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The results of the present study demonstrate a direct action
of temperature on dry food consumption, ECI and growth
rate in adults of Z. bicolorata. These growth parameters
were maximum at 27°C and minimum at 35°C. This may
be ascribed to the fact that thermal regime modulates de-
velopmental time by controlling the processes underlying
weight gain. The quantification of daily consumption of
food by ectotherms has revealed that temperature has a
linear relationship and a positive effect on the rate of food
consumption”**. However, studies have reported that
food consumption in insects increases up to a certain age
with increase in temperature, and subsequently it varies in
different studies; either increase or decrease with further
increase in temperature**. Decreased growth rate and
food consumption at 20°C and 35°C may also be attributed
to the deterioration in food quality at extreme high and low
temperatures. Previous studies have confirmed that food
quality is significantly altered by temperature*®*’. Food
exposed to low or high temperatures may undergo deterio-
ration of varying degrees in its sensory characteristics and
nutritional value, which results in decreased consumption
and growth rate. An individual may show reduced growth
rate due to food consumed that has deteriorated in nutri-
tional quality”®. The efficiency of food conversion and
growth rate of adults primarily increased from 20°C to
27°C, and thereafter decrecased with further increase in
temperature. The temperature between 27°C and 30°C
was optimal for Z. bicolorata adults to convert and utilize
the food biomass to body mass. Above the optimal tem-
perature, the feeding attributes decreased®. The results of
the present study reveal the likelihood that along with the
quality of food, temperature below the optimal level re-
duces the metabolic rate of Z. bicolorata adults, which in
turn results in lower food utilization efficiencies of the
adult beetles. On the other hand, temperature above the
optimal level may induce thermal stress in adults that
again reduces their conversion efficiency and growth rate.

Conclusion

In brief, the present study shows decreased consumption
rate, conversion efficiency and growth rate of Z. bicolorata
adults with increase in age up to 20 days and 27°C. There-
after, there is a decrease with further increase in age and
temperature. Adult females were more efficient consumers
and converters of food than adult males. Temperature of
27°C and 30°C was found optimal for 20-day-old females
of Z. bicolorata to convert and utilize food biomass to
body mass above and below the optimal temperature and
age, the feeding attributes showed a decline. Young females
maintained at 27°C consumed more food and laid more
eggs compared to other females at different temperatures.
Thus, temperature between 27°C and 30°C, and age of 20
days can be considered optimal for converting and utilizing
food biomass into body mass maximally by Z. bicolorata
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adults. The results of the present study can be helpful in
developing strategies to control Parthenium weed in fields
and agricultural farms by Z. bicolorata, viz. during which
season should the beetles be released so that they can survive
and build their population. Moreover, the above findings can
be used for rapid mass-multiplication of this biocontrol
agent in the laboratory for augmentative biocontrol of P.
hysterophorus.

1. Barros-Bellanda, H. C. H. and Zucoloto, F. S., Effects of intraspe-
cific competition and food deprivation on the immature phase of
Ascia monuste orseis (Lepidoptera, Pieridae). Jheringia — Ser. Zool.,
2002, 92, 93-98.

2. Karsai, I. and Hunt, J. H., Food quantity affects traits of offspring
in a paper wasp, Polistes metricus. Environ. Entomol., 2002, 31,
99-106.

3. Moreau, J., Berney, B. and Thiery, D., Assessing larval food quality
for phytophagous insects: are the facts as simple as they appear?
Funct. Ecol., 2006, 20, 592-600.

4. Kiggundu, A., Host—plant interactions and resistance mechanism to
banana weevil Cosmopolites sordidus (Germar) in Ugandan Musa
germplasm. M.Sc. thesis, University of the Orange Free State,
Bloemfontain, South Africa, 2000.

5. Sillanpaa, S., How do food quality and larval crowding affect per-
formance of the autumnal moth, Epirrita autumnata. Entomol. Exp.
Appl., 2008, 129, 286-294.

6. Massey, F. P. and Hartley, S. E., Physical defenses wear you down:
progressive and irreversible impacts of silica on insect herbivores.
J. Anim. Ecol., 2009, 78, 281-291.

7. Night, G., Gold, C. S. and Power, A. G., Feeding behaviour and ef-
ficiency of banana weevil (Cosmopolites sordidus) larvae on banana
cultivars of varying resistance levels. J. Appl. Entomol., 2010, 135,
430-437.

8. Slansky, F., Quantitative food utilization and reproductive alloca-
tion by adult milkweed bugs, Oncopeltus fasciatus. Physiol. Ento-
mol., 1980, 5, 73-86.

9. Klepsatel, P., Wildridge, D. and Galikova, M., Temperature induc-
es changes in Drosophila energy stores. Sci. Rep., 2019, 9, 5239.

10. Chown, S. L. and Nicolson, S. W., Insect Physiological Ecology:
Mechanisms and Patterns, Oxford University Press, Oxford, UK,
2004, vol. 1, p. 18.

11. Dell, A. L., Pawar, S. and Savage, V. M., Systematic variation in
the temperature dependence of physiological and ecological traits.
Proc. Natl. Acad. Sci. US4, 2011, 108, 10591-10596.

12. Parmesan, C. et al., Poleward shifts in geo-geographical ranges of
butterfly species associated with regional warming. Nature, 1999,
399, 579-583.

13. Karban, R. and Strauss, S. Y., Physiological tolerance, climate
change, and a north-ward range shift in the spittlebug, Philaenus
spumarius. Ecol. Entomol., 2004, 29, 251-254.

14. Van Asch, M., Van Tienderen, P. H., Holleman, L. J. M. and Visser,
M. E., Predicting adaptation of phenology in response to climate
change, an insect herbivore example. Global Change Biol., 2007,
13, 1596-1604.

15. Coley, P. D., Bateman, M. L. and Kursar, T. A., The effects of
plant quality on caterpillar growth and defense against natural en-
emies. Oikos, 2006, 115, 219-228.

16. Clissold, F. J., Sanson, G. D., Read, J. and Simpson, S. J., Gross vs
net income: how plant toughness affects performance of an insect
herbivore. Ecology, 2009, 90, 3393-3405.

17. Nascimento, A. R. B., Ramalho, F. S., Azeredo, T. L., Fernandes,
F. S., Nascimento Junior, J. L., Silva, C. A. D. and Malaquias, J.
B., Feeding and life history of Alabama argillacea (Lepidoptera:
Noctuidae) on cotton cultivars producing colored fibers. Ann. Ento-
mol. Soc. Am., 2011, 104, 613-619.

775



RESEARCH ARTICLES

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Benrey, B. and Denno, R. F., The slow—growth-high-mortality hy-
pothesis: a test using the cabbage butterfly. Ecology, 1997, 78,
987-999.

Staley, J. T., Stafford, D. B., Green, E. R., Leather, S. R., Rossiter,
J. T., Poppy, G. M. and Wright, D. J., Plant nutrient supply determines
competition between phytophagous insects. Proc. R. Soc. London,
Ser. B, 2010, 278, 718-724.

Mathavan, S. and Pandian, T. J., Effect of temperature on food uti-
lization in monarch butterfly Danaus chrysippus. Oikos, 1975, 26,
60—-64.

Gangwar, S. K. and Singh, Y. P., Consumption and utilization of
different citrus species by Papilio demoleus Linn. Nutr. Ecol. Insect
Environ., 1989, 3, 171-177.

Lundgren, J. G. and Weber, D. C., Changes in digestive rate of a
predatory beetle over its larval stage: implications for dietary
breadth. J. Insect Physiol., 2010, 56, 431-437.

Omkar and Afaq, U., Food consumption, utilization and ecological
efficiency of Parthenium beetle, Zygogramma bicolorata Pallister
(Coleoptera: Chrysomelidae). J. Asia Pac. Entomol., 2011, 14,
393-397.

Kumar, A., Consumption and utilization of sunflower leaves in ref-
erence to ecological efficiencies on live weight basis during the de-
velopmental stages of Diacrisia oblique (WIk.). In Proceedings of
the Symposium on Insect Ecology and Resource Management, Jab-
alpur, India, 1983.

Unsicker, S. B., Oswald, A., Kohler, G. and Weisser, W. W., Comple-
mentarity effects through dietary mixing enhance the performance
of a generalist insect herbivore. Oecologia, 2008, 156, 313—-324.
Santana, A. F. K. and Zucoloto, F. S., Influence of previous experi-
ence on the preference, food utilization and performance of Ascia
monuste orseis wild larvae (Godart) (Lepidoptera: Pieridae) for
three different hosts. Neotrop. Entomol., 2011, 40, 631-638.
Waldbauer, G. P., The consumption and utilization of food by in-
sect. Adv. Insect Phys., 1968, 5, 229-288.

Crailsheirn, K., Schneider, L. H. W., Hrassnigg, N., Buhlmann, G.,
Brosch, U., Gmeinbauer, R. and Schoffmann, B., Pollen consump-
tion and utilization in worker honey bee (dpis mellifera carnica):
dependence on individual age and function. J. Insect Physiol., 1992,
38, 409-419.

Michaud, J. P., On the assessment of prey suitability in aphido-
phagous Coccinelidae. Eur. J. Entomol., 2005, 102, 385-390.
Edward, D. A. and Chapman, T., The evolution and significance of
male mate choice. Trends Ecol. Evol., 2011, 26, 647-654.

Jayanth, K. P. and Nagarkatti, S., Investigation on the host-spe-
cificity and damage potential of Zygogramma bicolorata Pallister
(Coleoptera: Chrysomelidae) introduced into India for the biologi-
cal control of Parthenium hysterophorus. ENTOMON, 1987, 12,
141-145.

Harlow, H. J., Hillman, S. S. and Hoffman, M., The effect of tem-
perature on digestive efficiency in the herbivorous lizard. Dipso-
saurus dorsalis. J. Comp. Physiol., 1976, 1, 1-6.

Bernays, E. A. and Chapman, R. F., Host-Plant Selection by Phy-
tophagous Insects, Springer, New York, 1994.

Ivanovic, J. and Nenadovic, V., The effect of diet and temperature
on the life cycle of phytophagous insects. Pesticides, 1999, 14, 309—
327.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Chidawanyika, F., Nyamukondiwa, C., Strathie, L. W. and Fisher,
K., Effects of thermal regimes, starvation and age on heat tolerance
of the Parthenium beetle Zygogramma bicolorata (Coleoptera: Chry-
somelidae) following dynamic and static protocols. PLoS ONE,
2017,12,e0169371.

Kumar, B., Age, mating status and sex influence food consumption
and utilization efficiency of Parthenium beetle, Zygogramma bicol-
orata Pallister. J. Biol. Control, 2019, 33, 98-102.

Finlayson, C. J., Alyokhin, A. V., Gross, S. and Porter, E. W., Dif-
ferential consumption of four aphid species by four lady beetle species.
Insect Sci., 2010, 10, 31.

Boggs, C. L., Nutritional and life-history determinants of resource
allocation in holometabolous insects. Am. Nat., 1981, 117, 692-709.
Slansky, F., Insect nutrition: an adaptationist’s perspective. Fla.
Entomol., 1982, 65, 45-71.

Wackers, F. L., Suitability of (extra-) floral nectar, pollen, and
honeydew as insect food sources. In Plant-Provided Food for Car-
nivorous Insects: Protective Mutualism and its Applications, Cam-
bridge University Press, Cambridge, UK, 2005, pp. 17-74.

Wackers, F. L., Romeis, J. and Van Rijn, P. C. J., Nectar and pollen-
feeding by insect herbivores and implications for tri-trophic inter-
actions. Annu. Rev. Entomol., 2007, 52, 301-323.

Wheeler, D., The role of nourishment in oogenesis. Annu. Rev. En-
tomol., 1996, 41, 407-431.

Yee, E. H. and Murray, S. N., Effects of temperature on activity,
food consumption rates, and gut passage times of seaweed-eating
Tegula species (Trochidae) from California. Mar. Biol., 2004, 145,
895-903.

Rall, B. C., Vucic-Pestic, O., Ehnes, R. B., Emmerson, M. and
Brose, U., Temperature, predator—prey interaction strength and
population stability. Global Change Biol., 2010, 16, 2145-2157.
Lemoine, N. P., Burkepile, D. E. and Parker, J. D., Variable effects
of temperature on insect herbivory. Peer J., 2014, 2, e376;
https://doi.org/10.7717/peerj.376.

Thomas, W. M., Modeling the effects of temperature and gossypol
concentration on developmental rate of Helicoverpa zea (Boddie)
(Lepidoptera: Noctuidae). J. Econ. Entomol., 1991, 84, 466—469.
Stamp, N. E. and Horwath, K. L., Interactive effects of temperature
and concentration of the flavanol rutin on growth, molt and food
utilization of Manduca sexta caterpillars. Entomol. Exp. Appl.,
1992, 64, 135-150.

Slansky, F., Insect nutrition: an adaptationist’s perspective. Fla.
Entomol., 1982, 65, 45-71.

Bhusal, D. R., Ghimre, K. C., Patel, P., Bista, M., Upadhyay, R.
and Kumar, B., Temperature and altitude modulate feeding attri-
butes of Mexican beetle, Zygogramma bicolorata Pallister on Par-
thenium hysterophorus. J. Therm. Biol., 2020, 89, 102540.

ACKNOWLEDGEMENTS. We thank the Department of Biosciences,
Integral University, Lucknow for providing infrastructure to complete
the study.

Received 18 January 2023; revised accepted 8 June 2023

doi: 10.18520/cs/v125/i7/771-776

776

CURRENT SCIENCE, VOL. 125, NO. 7, 10 OCTOBER 2023


http://rspb.royalsocietypublishing.org/search?author1=Joanna%2BT.%2BStaley&amp;sortspec=date&amp;submit=Submit
http://rspb.royalsocietypublishing.org/search?author1=David%2BB.%2BStafford&amp;sortspec=date&amp;submit=Submit
http://rspb.royalsocietypublishing.org/search?author1=Emma%2BR.%2BGreen&amp;sortspec=date&amp;submit=Submit
http://rspb.royalsocietypublishing.org/search?author1=Simon%2BR.%2BLeather&amp;sortspec=date&amp;submit=Submit
http://rspb.royalsocietypublishing.org/search?author1=John%2BT.%2BRossiter&amp;sortspec=date&amp;submit=Submit
http://rspb.royalsocietypublishing.org/search?author1=Guy%2BM.%2BPoppy&amp;sortspec=date&amp;submit=Submit
http://rspb.royalsocietypublishing.org/search?author1=Denis%2BJ.%2BWright&amp;sortspec=date&amp;submit=Submit
https://doi.org/10.7717/peerj.376

	Materials and methods
	Maintenance of stock culture
	Experimental protocol
	Statistical analysis

	Results
	Discussion
	Conclusion

