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Effect of food deprivation on survival and development of
larvae of the geometrid moth Idaea inquinata
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Abstract

Food shortage on the development of larvae of Idaea inquinata (Scopoli) was considered. Experiments were carried out at
26 + 1 °C, 70 = 5% RH, and a photoperiod of 16:8 (L:D). Fifty larvae of first, second, third, and fourth instar fasted after the
moult, were observed. Larvae from the first to the third instar were deprived of food for two, four, six, eight, and ten days; after
the different periods without food, 0.1 g of artificial diet was gradually added. In another experiment, larvae were fed ad libitum
for three, five, and seven days and then starved. Only fasted fourth instar larvae developed into an adult, the other instars larvae
died. When food was reintroduced after a period of fast, 100% mortality was observed after 6 days fast in first instar larvae, after
8 days in second instar larvae and after 10 days in third instar larvae. When food was available after the moult for few days, larvae
of first, second, and third instar can afford at most only one moult and died.
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Introduction

Food availability is one of the key factors for insect’s
development as moult is an energy demanding process
and, if food lacks, insects can afford the moult only if
they have sufficient nutrient reserves in the fat body
(Mirth et al., 2007; Arrese and Soulages, 2010). Food
shortage delays the development time and decreases the
growth rate, the body size, the production of hormones
and influences the reproduction (Berrigan and Charnov,
1994; Blanckenhorn, 1998; Fischer and Fiedler, 2001;
Daglish, 2005; Chen and Gu, 2006). Poor food quality
or starvation cause an increase of the larval period
(Gebhardt and Stearns, 1988; 1993; Tammaru, 1998;
Tammaru et al., 2004; Bauerfiend and Fisher, 2005) and
when food becomes again available in some cases the
development rate increases (Hector and Nakagawa,
2012). Several types of research report last instar larvae
survive food stress longer than younger instars. This
fact was documented in larvae of the tortrix moth Epi-
blema strenuana (Walker), in larvae of the nymphalid
moths Actinote anteas (Doubleday) and Actinote thalia
pyrrha (F.) (Ma et al., 2002; Li et al., 2005), and in
Corythucha ciliata (Say) (Hemiptera Tingidae) (Wu et
al., 2016). Also temperature and relative humidity influ-
ence survival to food stress or fast. Moth larvae tolerate
better food shortage at a temperature lower than the op-
timal one (Candura, 1928; Morére and Le Berre, 1967,
Bell et al., 1979; 1983).

During post embryonic development stored product
pests can suffer starvation in warehouse temporary emp-
ty where larvae of different instar can be present.

As far moth pests of stored product, more larvae of
first, second, and third instar of Plodia interpunctella
(Hubner), Cadra cautella (Walker), Corcyra cephaloni-
ca (Stainton) and Ephestia kuehniella Zeller (Lepidop-
tera Pyralidae) survive longer at 18 °C than at 28 °C.
Second instar larvae moulted and third instar larvae pu-
pate in advance (Savoldelli, 2005). Starved first instar
larvae of ldaea inquinata (Scopoli) (Lepidoptera Geom-

etridae) survive ten days, but environmental conditions
are not reported (Candura, 1931). I. inquinata, known as
rusty wave moth, is a pest of hay, dried medicinal plants
and stored food with a high fibre content (Locatelli et
al., 2005; Limonta and Locatelli, 2015).

As data on survival to starvation of I. inquinata are
lacking, it is useful to complete the knowledge on the
reaction of larvae to food shortage. These information
are important in the integrated pest management of
stored products. In the present study, the effect of dif-
ferent patterns of food availability on larvae of I. in-
quinata was investigated at optimal temperature and
relative humidity.

Materials and methods

Mass rearing

I. inquinata was collected on medicinal plants in a
warehouse in Milano and reared for several years on an
artificial diet (Limonta et al., 2010) in a climatic cham-
ber (CFT 600, Piardi Tecnologie per il freddo S.r.l., via
Brescial/A, Castenedolo BS) at 26 + 1 °C, 70 + 5% RH,
and a photoperiod of 16:8 (L:D).

Rearing of larvae

Larvae for the different experiments were reared indi-
vidually in a glass jar (diameter 3.8 cm; height 2.5 cm)
closed with a piece of fabric to allow gaseous exchange.
Rearing was started from eggs until the larvae moulted
in the different instars. Each jar was checked daily and
first instar larvae were used in the experiments as eggs
hatched. Second, third and fourth instar larvae were se-
lected just after the moult.

Experiments

Experiments were carried out in a thermostatic cell at
the same conditions of the rearing chamber (see mass
rearing paragraph).

Group of fifty larvae of the first instar just after egg



hatching and fifty larvae each for the second, third and
fourth instars just after the moult were individually put
in the glass jars for every experiment.

In the preliminary experiment, to observe the effect of
food deprivation, the survival of starved larvae of first,
second, third, and fourth instar, was observed daily.

Two different experiments were carried out with lar-
vae from the first to the third instar. In one experiment,
the effect of different periods of food deprivation was
observed. A small amount of artificial diet, 0.1 g, was
gradually added to larvae fasted for two, four, six, eight,
and ten days.

In another experiment, the effect of fast after different
periods with food was observed. Larvae were fed ad
libitum for three, five, and seven days. At the end of the
different periods with food, larvae were starved.

Experiments were daily inspected; mortality of larvae
and survival in days were recorded. Data were submit-
ted to one-way ANOVA and Least Significance Differ-
ence test (o = 0.05) (IBM SPSS Statistics 24).

Results

Effect of food deprivation

Larvae of first, second and third instar of I. inquinata,
fasted after the moult, survived few days and then died.
First and second instar larvae died after three days, 3.4
(£ 0.36) and 2.9 (£ 0.28) respectively, while third instar
larvae survived for a statistically significant longer
period (5.7 + 0.32 days) (ANOVA F, 147 = 20.483,
P <0.001) (figure 1).

Fourth instar larvae food deprived moulted into fifth
instar larvae after 4.0 + 0.09 days, pupated after
7.5 £ 0.13 days, and adults emerged in 3.4 + 0.13 days.
As fourth instar larvae survived fast, they were excluded
from the other experiments.

Effect of different periods of food deprivation

Mortality of larvae, starved in the first days after the
moult and then fed, varied according to the considered
instar and to the length of the period without food (fig-
ure 2). One-hundred percent mortality was observed in
first instar larvae when starved for 6 days, in second in-
star larvae after 8 days. Third instar larvae are less sus-
ceptible to food deprivation than second and first instar
larvae and total mortality was observed only when they
were starved for ten days after the moult.

When first instar larvae were unfed for the first 2 days

and then regularly fed, 26% mortality was observed (fig-
ure 2). The surviving larvae presented a mean develop-
ment period of 43.7 £ 0.62 days (table 1). When unfed
for four days, mortality of first instar larvae increased to
74% and the mean developmental period of surviving
larvae was 44.7 £ 0.60 days (ANOVA F, 46=0.781, P =
0.464). Ninety-eight percent mortality was observed af-
ter 6 days and 100% after 8 days without food (figure 2).

Mortality of second instar larvae increased from 14%
after 2 days of fasting to 100% after 8 days unfed (fig-
ure 2). The development period of surviving larvae de-
creased from 45.1 £ 0.63 days after 2 days deprived of
food, to 35.7 £ 0.63 after 6 days (ANOVA F; ¢ =
58.799, P <0.001) (table 1).
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Figure 1. Mean survival (£ SE) (days) of first, second
and third instars larvae of I. inquinata food-deprived
after egg hatching (first instar) or after the moult (sec-
ond and third instars).

+First instar mSecond instar 4 Third instar
100 * o
90 u
80
70 *
g 60
& s0 - u
§ 40
g 30 .
o 20
10 - .
0
0 2 4 6 8 10 12
Days

Figure 2. Mortality (%) of first, second, and third instar
larvae of 1. inquinata deprived of food for 2, 4, 6, 8,
and 10 days after the moult.

Table 1. Mean developmental period (= SE) (days) of surviving first instar larvae of I. inquinata after first 2, 4, 6

and 8 days of starvation after the moult and then fed.

Fasting period (days) First instar Second instar Third instar

N Mean + SE N Mean + S.E. N Mean + S.E.
2 35 43.7+0.62 41 45.1 £ 0.63a 47 36.2 £ 0.45¢
4 13 44.7 + 0.60 24 35.2+0.66b 40 30.9 £0.34d
6 1 41.0 4 35.7+0.63b 21 42.0+2.08b
8 - - - - 6 66.8 £ 1.60a

ANOVA: first instar F 46 = 0.781, P = 0.464; second instar F» ¢ = 58.799, P < 0.001; third instar F3, 110 = 107.123,
P <0.001. Means followed by a different letter are significantly different for LSD test.
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Table 2. Mean survival (days) (+ SE) of first, second,
and third instar larvae of I. inquinata fed after the
moult for 3, 5, and 7 days and then deprived of food.

Days with food First instar Second instar Third instar

3 43+025b 4.8+0.31 5.8=£0.74c
5 43+0.22b 4.9+0.28 7.8+0.49b
7 6.1£042a 5.0+023 11.0+0.63a

ANOVA: first instar Fy, 147 = 11.348, P < 0.001; second
instar F, 147 = 0.088, P = 0.916; third instar Fy, 147 =
17.075, P < 0.001. Means followed by a different let-
ter are significantly different for LSD test.

Third instar larvae tolerated food deprivation better
and one-hundred percent mortality was observed after
10 days (figure 2). The development period of surviving
larvae increased from 36.2 + 0.45 days after 2 days
without food to 66.8 + 1.60 after 8 days (ANOVA F3, 110
=107.123, P <0.001) (table 1).

Effect of fast after different periods with food

First, second, and third instar larvae of |. inquinata fed
for 3, 5, and 7 days and then starved were not able to
complete the development into an adult (table 2).

When first instar larvae were fed 3 and 5 days they
survived 4.3 days, while the feeding period of 7 days
significantly increased the survival to 6.1 days (ANO-
VA F3, 147 =11.348, P < 0.001). Ninety-eight percent and
90% first instar larvae, fed for 5 and 7 days respectively,
moulted.

Second instar larvae survived 5-6 days after the differ-
ent feeding period (ANOVA F», 147 =0.088, P =0.916).
Moult was observed in 62% of second instar larvae fed
5 days and 86% fed 7 days.

Third instar larvae survived 5.8 + 0.74 after being fed
for 3 days, 7.8 £ 0.49 when fed for 5 days, and
11.0 = 0.63 when fed for 7 days (ANOVA F, 147 =17.075,
P < 0.001) (table 2). Moult was observed in 30% third
instar larvae fed 3 days, 46% fed 5 days and 60% fed 7
days.

Discussion

The effect of different patterns of fasting on larvae of
I. inquinata was observed at a constant temperature and
relative humidity, favourable to the development of this
species (Limonta et al., 2013). Larvae of first, second
and third instar, food-deprived after the moult, survived
few days. First instar larvae of |. inquinata survived
longer than larvae of the same instar of the stored pests
P. interpunctella, C. cautella, E. kuehniella and C. ceph-
alonica (Savoldelli, 2005), second instar survival was
analogous to the first three species and shorter than
C. cephalonica. In some cases, third instar larvae of
pyralid moths pupated and emerged as adults, while third
instar larvae of I. inquinata die when fasted. Fasted
fourth instar larvae of I. inquinata moulted into the fifth
instar and adults emerged in 14.9 days. Regularly fed, at
temperature from 24 to 30 °C, this species has five larval

instars, and the development from the fourth instar to
adult lasts longer than when fasted, namely 23.5 days
(Limonta and Locatelli, 2010; 2013). As observed by
different authors, stressed animals present a reduced
lifespan (Criscuolo et al., 2008; Monaghan et al., 2011)
and larvae prematurely pupate when food lacks (Shafiei
et al., 2001; Sato and Suzuki, 2001; Munyiri et al., 2003;
Shintani et al., 2003; Terao et al., 2015). It is evident
that only the fourth instar larvae of |. inquinata have ac-
cumulated reserves sufficient to complete development,
as fasted insects can survive on reserves stored when
food is available (Arrese and Soulages, 2010).

Larvae, starved in the first days after the moult and
then fed, responded differently according to the consid-
ered instar. Survival increases with the instar and de-
creases depending on the number of days of fast. Seven-
ty percent first instar larvae overcomes 2 days of fast,
the percentage lowers to 26% when starved for 4 days,
and the days necessary to complete the development are
equal for both the groups of the surviving larvae. Eight
percent of second instar larvae survives 6 days of fast,
while 12% of third instar larvae complete the develop-
ment after the first 8§ days without food. The develop-
ment of second instar larvae is accelerated after the fast
as observed in Onthophagus fasciatus Boucomont (Col-
eoptera Scarabaeidae) (Shafiei et al., 2001). On the con-
trary, the development of third instar larvae, that sur-
vived after 8 days without food, lengthened as observed
in fruit flies and moths (Gebhardt and Stearns, 1988;
1993; Tammaru, 1998; Tammaru et al., 2004; Bauer-
feind and Fischer, 2005).

First, second, and third instar larvae of I. inquinata fed
3 days and then starved survived few days but they can-
not afford the moult, that means that they do not accu-
mulate enough nutrient to face moult (Mirth et al.,
2007). Five and 7 days of feeding were sufficient to al-
low first, second and third instar larvae to moult one
time but the moult consumes all their nutrient supply as
they are not able to develop into an adult.

On the whole I. inquinata first and second instar lar-
vae survival to fast is similar to the one of other moth
pests of stored product, third instar larvae are more sus-
ceptible to starvation. Moreover its life cycle is longer
than the one of pyralid moths, therefore this species has
less chances to survive in an empty warehouse.

References

ARRESE E. L., SOULAGES J. L., 2010.- Insect fat body: energy,
metabolism, and regulation.- Annual Review of Entomology,
55:207-225.

BAUERFEIND S. S., FISCHER K., 2005.- Effects of food stress
and density in different life stages on reproduction in a but-
terfly.- Oikos, 111: 514-524.

BELL C. H., BowLEY C. R., COGAN P. M., SHARMA S., 1979.-
Diapause in twenty-three populations of Plodia interpunctel-
la (Hiibner) (Lep., Pyralidae) from different parts of the
world.- Ecological Entomology, 4: 193-197.

BELL C. H., Cox P. D., ALLEN L. P., PEARSON J., BEIRNE M. A.,
1983.- Diapause in twenty populations of Ephestia cautella
(Walker) (Lepidoptera Pyralidae) from different parts of the
world.- Journal of Stored Products Research, 19: 117-123.

285



BERRIGAN D., CHARNOV E. L., 1994.- Reaction norms for age
and size at maturity in response to temperature: a puzzle for
life historians.- Oikos, 70: 474-478.

BLANCKENHORN W. U., 1998.- Adaptive phenotypic plasticity
in growth, development, and body size in the yellow dung
fly.- Evolution, 52: 1394-1407.

CANDURA G. S., 1928.- Contributo alla conoscenza della ti-
gnola grigia delle provviste alimentari (Ephestia kuehniella
Zeller) e del suo parassita Nemeritis canescens Graven-
horst.- Bollettino Laboratorio Generale Zoologia Agraria
Portici, 21:149-205.

CANDURA G. S., 1931.- Ricerche sugli insetti e sui danni da
essi causati ai prodotti dell’economia rurale o delle industrie
agrarie. 2° Contributo - Gli insetti della camomilla secca e di
altre erbe medicinali e industriali disseccate.- Bollettino del-
la Societa Naturalistica di Napoli, 43: 343-350.

CRISCUOLO F., MONAGHAN P., NASIR L., METCALFE N. B.,
2008.- Early nutrition and phenotypic development: ‘‘catch-
up’’ growth leads to elevated metabolic rate in adulthood.-
Proceeding of the Royal Society of London B: Biological
Sciences, 275: 1565-1570.

DAGLISH G. J., 2006.- Survival and reproduction of Tribolium
castaneum (Herbst), Rhyzopertha dominica (F.) and Sitophi-
lus oryzae (L.) following periods of starvation.- Journal of
Stored Products Research, 42: 328-338.

FiscHER K., FIEDLER K., 2001.- Effects of larval starvation on
adult life-history traits in the butterfly species Lycaena ti-
tyrus (Lepidoptera: Lycaenidae).- Entomologia Generalis,
25:249-254.

GEBHARDT M. D., STEARNS S. D., 1988.- Reactions norms for
development time and weight at eclosion in Drosophila
mercatorum.- Journal of Evolutionary Biology, 1: 335-354.

GEBHARDT M. D., STEARNS S. D., 1993.- Phenotypic plasticity
for life history traits in Drosophila melanogaster. I. Effect
of phenotypic and environmental correlations.- Journal of
Evolutionary Biology, 6: 1-16.

HEecTOR K. L., NAKAGAWA S., 2012.- Quantitative analysis of
compensatory and catch up growth in diverse taxa.- Journal
of Animal Ecology, 81 (3): 583-593.

LiZ.G,HANS. C.,GuoM,, LIL. Y.,PENG T. X., LIU W. H.,
Luo L. F., 2005.- Starvation endurance ability of Actinote
anteas and Actinote thalia pyrrha larvae.- Chinese Bulletin
of Entomology, 42 (4): 429-430.

LIMONTA L., LOCATELLI D. P., 2013.- Study of the postembry-
onic development of ldaea inquinata under different abiotic
factors.- Bulletin of Insectology, 66 (1): 21-25.

LIMONTA L., LOCATELLI D. P., 2015.- Susceptibility of eggs of
Idaea inquinata (Scop.) (Lepidoptera, Geometridae) to high
and low temperatures.- Journal of Stored Products Re-
search, 60: 1-4.

LIMONTA L., STAMPINI M., LOCATELLI D. P., 2010.- Develop-
ment of rusty wave ldaea inquinata at constant tempera-
tures, relative humidities and photoperiod.- Bulletin of In-
sectology, 63 (2): 171-174.

LocATELLI D. P., D1 EGIDIO V., STAMPINI M., 2005.- Observa-
tions of the development of Idaea inquinata (Scop.) (Lepi-
doptera Geometridae) on medicinal plants and other food
substrates.- Bollettino di Zoologia Agraria e di Bachicoltu-
ra, 37 (2): 123-132.

MaJ., WaNF. H., Guo J. Y., You L. S., Lu D. Y., 2002.- Risk
analysis of host specificity for Epiblema strenuana (Lepi-
doptera: Tortricidae), a biocontrol agent against Ragweed,
Ambrosia artemisiifolia (Compositae).- Acta Ecologica
Sinica, 22 (10): 1710-1717.

286

MirTH C. K., RIDDIFORD L. M., 2007.- Size assessment and
growth control: how adult size is determined in insects.- Bio
Essays, 29: 344-355.

MONAGHAN P., HEIDINGER B. J., D’ALBA L., EvAaNs N. P.,
SPENCER K. A., 2011.- For better or worse: reduced adult
lifespan following early-life stress is transmitted to breeding
partners.- Proceeding of the Royal Society of London B: Bio-
logical Sciences, 279:709-714.

MORERE J. L., LE BERRE J. R.,1967.- Etude au laboratoire du
développement de la Pyrale Plodia interpunctella (Hiibner)
(Lep. Phycitidae).- Bulletin de la Société Entomologique de
France, 72: 157-166.

MUNYIRI F. N., ASANO W., SHINTANI Y., ISHIKAWA Y., 2003.-
Threshold weight for starvation-triggered metamorphosis in
the yellow-spotted longicorn beetle, Psacothea hilaris (Col-
eoptera: Cerambycidae).- Applied Entomology and Zoology,
38:509-515.

SaTto T., SUZUKI A., 2001.- Effect of starvation and feeding of
larvae during 4" stadia on pupation and adult size in Dacne
picta (Coleoptera: Erotylidae).- Applied Entomology and
Zoology, 36: 189-197.

SAVOLDELLI S., 2005.- Survival of Plodia interpunctella
(Hiibner), Cadra cautella (Walker), Ephestia kuehnuella
Zeller, Corcyra cephalonica (Stainton) (Lepidoptera Pyrali-
dae) larvae to starvation.- Bollettino di Zoologia Agraria e
Bachicoltura, 37 (3): 185-192.

SHAFIEI M., MOCZEK A. P., NUHOUT H. F., 2001.- Food availa-
bility controls the onset of metamorphosis in the dung beetle
Onthophagus taurus (Coleoptera: Scarabaeidae).- Physio-
logical Entomology, 26: 173-180.

SHINTANI Y., MUNYIRI F. N., ISHIKAWA Y., 2003.- Change in
significance of feeding during larval development in the yel-
low-spotted longicorn beetle, Psacothea hilaris.- Journal of
Insect Physiology, 49: 975-981.

TAMMARU T., 1998.- Determination of adult size in a folivor-
ous moth: constraints at instar level?- Ecological Entomolo-
gy, 23: 80-89.

TAMMARU T., NYLIN S., RUOHOMAKI K., GOTTHARD K., 2004.-
Compensatory responses in lepidopteran larvae: a test
growth rate maximization.- Oikos, 107: 352-362.

TERAO M., HIROSE Y., SHINTANI Y., 2015.- Food-availability
dependent premature metamorphosis in the bean blister bee-
tle Epicauta gorhami (Coleoptera: Meloidae), a hyper-
metamorphic insect that feeds on grasshopper eggs in the
larval stage.- Entomological Science, 18: 85-93.

Wu H.-W,, L1 X.-C., L1u H.-X., 2016.- Starvation resistance of
invasive lace bug Corythucha ciliata (Hemiptera:Tingidae)
in China.- Entomologica Fennica, 27: 8-14.

Authors’ addresses: Lidia LIMONTA (corresponding
author, lidia.limonta@unimi.it), Daria Patrizia LOCATELLI,
DeFens, Universita degli Studi di Milano, via Celoria 2, 20133
Milano, Italy.

Received April 24, 2018. Accepted October 22, 2018.


javascript:;
javascript:;



