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ABSTRACT

Larvae of Helicoverpa armigera (Hubner) (Lepidoptera: Noctuidae)were reared in
laboratory conditions (26°C, 16:8 L:D) and measurements of larval head capsule
width, and body weight, were used in order to determine the boundaries of larval
instars. Larvae of H. armigera completed development in 5 to 7 instars. Head capsule
width could predict the larval instar only for L, The upper boundary of head width
for L; was 0.4mm. Body weight could predict both L; and L, larval instars.
Boundaries between L;-L, instars were found to be 1 mg and for L,-I; 5,5 mg.
Correlation and regression analysis suggest that a combination of head capsule width
and body weight can predict both larval instars and chronological age under constant

conditions in the laboratory,

Introduction

Helicoverpa armigera (Hubner) (Lepidoptera:
Noctuidae) is a major pest of a wide range of
host plants, including field crop plants. Sev-
eral studies have been conducted on the de-
velopment of H. armigera on plants and arti-
ficial diets. Larvae required 5, 6 or 7 instars to
complete their development, which resulted in
a variation in duration of larval development.
Such variation made the determination of the
timing of control application difficult, as all
instars are not equally susceptible to the con-
trol means. Timing the application of various
control methods is important to achieve suffi-
cient control of the pest. For example insect
growth regulators might be more efficient
against late instars of the pest (Gurr et al.
1999). It is essential to identify the various

larval instars and to know the larval perform-
ance during any individual instar for better
understanding of cultured and field insects’
behavior. Instar has been widely determined
for lepidopterous larvae on the basis of head
capsule width (Dyar 1890, Gaines and Camp-
bell 1935, Fox et al. 1972, Muggli and Miller
1980, Frick and Wilson 1981, Smith et al.
1986, Godin et al. 2002). Although measure-
ment of head capsule width has currently been
used to determine instars of various insects, it
cannot be used to discriminate between instars
unequivocally in cases where head capsule
widths of successive instars overlap (Got
1988). Examination of the larva itself was
therefore necessary, but because of the vari-
ability in number of instars found among the
larvae, the question arose as to whether de-
termination of instar and nearness to pupation
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was possible by measurement, not only of
the width of head capsule, but of the larval
weight as well. Under optimal conditions,
most lepidopterous larvae develop through a
minimal number of instars, growing at a
nearly maximal growth rate. However, envi-
ronmental conditions are seldom stable
enough to support this maximum growth
rate throughout the duration of larval devel-
opment. Supernumerary molts may be he-
reditary or may be caused by inadequate
nutrition or when environmental conditions
depart from the optimum (Hoskins and
Craig 1935, Allegret 1964, Wigglesworth
1965, Leonard 1970, Schmidt and Lauer
1977, Schmidt et al. 1977, Scriber 1977).

We document and support our interpre-
tation that accurate assignment of instar
number of H. armigera with variable num-
ber of instars is possible when combined
with parameters such as larval weight and
larval head capsule width.

Materials and Methods

Insects. Qur laboratory colony was
started in 1995 with larvae collected in
Thessaloniki (Macedonia, Northern Greece)
and reared on an artificial diet in laboratory
conditions (26°C, 16:8 L:D, 70% RH). The
components of the diet were: water (4 1),
agar (106g), maize meal (760g), brewer’s
yeast (200g), wheat germ (184g), ascorbic
acid (28g), benzoic acid (12g), methyl p-
hydroxybenzoate (9.2g), vanderzant vitamin
mixture (0.2g) and Wesson’s salt mixture
(30g). Eggs were procured by placing 6
pairs of moths in a cylindrical, 11 cardboard
carton lined with wax paper. The top of
each carton was removed and replaced with
a circular piece of wire screen, and the bot-
tom was left open. The cartons were set on
petri dishes containing moist sand. The
moths were transferred to fresh cartons
daily until they ceased laying eggs.

Larvae were reared in insect rearing
trays divided in cells (3 x 4cm). A cube
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(2x2x2cm) of artificial diet was placed in
each cell together with a neonate, randomly
selected from the colony, and sealed with a
plastic tray sealer. The cells were examined
daily and the head capsules, shed in each
ecdysis, were collected and preserved indi-
vidually. Voucher specimens of the head
capsules collected have been deposited in
the collection of the Laboratory of Applied
Zoology and Parasitology, Faculty of Agri-
culture of the Aristotle University of Thes-
saloniki.

Upon pupation, the sex was determined
and marked. Larvae were maintained at
26+1°C, and a photoperiod of 16:8 (L:D)h.
They were weighed 3d after each ecdysis.

Statistics. Measurements of larval head
capsule width and body weight, and the pu-
pal weight and length, were analysed using
STATISTICA (StatSoft Inc 2001). The de-
scriptive statistics, for larval head capsule
width (in mm) and larval weight (in mg),
were computed throughout all larval instars
(L,-Lg), for the mean value, the standard
error of mean (SEM), the standard devia-
tion, the minimum/maximum values. The
distributions of these variables for all larval
instars were computed, and the boundaries
of adjacent instar curves were found, using
minimum and maximum values or the com-
bination of coupled values for head capsule
width and body weight. Head capsule width
and body weight numerical data were trans-
formed into logarithmic scale for achieving
normality. An analysis of variance (one-way
ANOVA) carried out, with factor the instars
and dependent variables the transformed
data of head capsule width and body weight,
using SPSS statistical package (SPSS Inc.
2003). Regression analysis was made using
Minitab (Minitab Inc 2000), in order to find
the dependence of the number of instars on
the variables head capsule width and body
weight. The same analysis was carried out
between duration as the dependent variable
and head capsule width and body weight as
independent variables.
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Results and Discussion

Our data show the existence of 5 or 6 instars on
the artificial diet (Table [). Analysis of vari-
ance showed significant differences between all
instars for both variables head capsule width
and body weight (Table 1). In laboratory, about
75% of H. armigera larvae completed their
development in 5 instars, 24% in 6 instars and
1 % in 7 instars. The L./L, inter-instar ratio was
slightly lower than the Li/L, and Ls/L, and
even lower than that of Ly/Ls. The Ly/L; was
the highest ratio, when 5 instars were com-
pleted, while L¢/Ls and Ls/L, inter instar ratios
were lower than Ls/L, and still lower than that
of Ly/L,, when 6 instars were completed, The
L4/L; ratio was also the highest one. The aver-
age ratios of 1.78 (Ls) or 1.59 (L), are higher
than those commonly found (1.40) in other
insects (Chapman 1969).

To determine whether a larva falls within a
certain instar, both head capsule width and
body weight measurements from all larvae
(whether they completed their development in
5 or 6 instars) were used and comparisons were
made in accordance to the distributions found
(Figs.1 and 2).

Several authors (Hardwick, 1965;
Kirkpatrick, 1961; Twine, 1978) have reported
considerable differences in head capsule width
of cotton bollworm larvae. This variation might
be because of differences in the ecological con-
ditions such as temperature, diet, humidity, and
crowding under which the larvae developed.
Muggli and Miller (1980) demonstrated that
instar determination on the basis of head cap-
sule measurement might differ with different
populatfon densities. We found (Table 1) that
the larvac of the first two instars have a lower
individual variation of capsule width than those
of any other instar. These instar larvae are more
homogenous because they are exposed to ex-
ternal ecological conditions for a shorter period
of time mainly due to their short developmental
time. The first instar larvae reported 13 times
increase in their body weight, which was fol-
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lowed by the 2nd, 3rd, 4th and 6th instar. No
significant differences were found between
males and females.

From the correlation analysis (Petridis
2000) it was found that the number of instars is
highly correlated with the head capsule width
(R°=0.954, P=0.001) or with body weight
(R°=0.932, P=0.001) or considering both

T(R°=0.969, P=0.001). The respective regression

equations were found to be:

Y'=3,29478 + 4,25855*%X,

Y'=1,40874 + 1,53322*X,
Y=2,55+2,67%X;+ 0,603%X,

Where Y is the instar, X, is the head capsule
width (in mm) and X, the body weight (in mg)

Another important larval feature, the larval
age in days, was highly correlated with the
head capsule width (R’=0.695, P=0.001) or
with body weight (R°=0.729, P=0.001) or con-
sidering both (R?=0.739, P=0.001) (Fig. 3). The
respective regression equations were found to
be:

Y=991+ [1,8*%X,

Y=4,53 +4,42%X,

Y=6,33+4,21*%X,+ 2,96%X,

Where Y is the larval age in days, X, is the head
capsule width (in mm) and X, the body weight
(in mg).

With the above équations larval age, could
be predicted when both head capsule width and
body weight are known.

The applicability of Dyar’s (1890) rule,
stating that the width of head capsule of lepi-
dopterous larva is more or less constant for any
instar of a given species, was tested. Also, the
successive larval instars of a given species
show more or less regular geometrical progres-
sion in the growth of head capsule. However,
Dyar’s hypothesis applies in some cases (Fox
et al. 1972), but not in others (Jobin et al.
1992). Dyar’s hypothesis that proposes a con-
stant growth ratio



TABLE 1. Head capsule width (in mm) of H. armigera instars and body weight (in mg).

Interinstar : :
Ratio Interinstar
Instar n Mean + SEM Range fiscs Instar Mean + SEM Range Ratio (Dyar’s
¥ constant)
constant)
Head capsule (mm) Head capsule (mm)
L1 187 0.298 + 0.004a 02-04 L1 0.301 £ 0.002a 02-04
L2 187 0.495 + 0.007b 0.4-0.7 1.66 L2 0.511 + 0.004b 04-07 1.70
L3 187 0.818 + 0.015¢ 0.6-1.2 1.65 L3 0.888 £ 0.012¢ 05-13 1.74
L4 180 1.424 + 0.055d 09-33 1.74 L4 1.719 £ 0.032d 1.1-3.1 1.94
L5 189 2.071 £ 0.062¢ 1.4-3.5 1.45 L5 2.954 £ 0.033e 1.6-40 1.72
L6 56 2.992 + 0.044f 1.8-45 1.45
Larval weight (mg) Larval weight (mg)
L1 183 0.721 £0.049a 03-1.1 LI 0.737 + 0.048a 03-11
12 183 1.871+0.111b 0.5-4.5 2.60 L2 2.864 + 0.088b 0.5-55 3.89
L3 185 9.650 = 0.569¢ 2-27 5.16 L3 16.347 £ 0.613c 4-34 5.71
L4 186 32.001 £2.135d 4-68 3.32 L4 68.896 +3.493d 10- 163 4.22
L5 185 131.492 + 5.837e 20-216 411 L5 356.224 £ 9.097f 127 - 562 5.17
L6 49 377.312 £ 17.097f 103 - 665 2.87

Means in each column followed by the same letter are not significantly different at p = 0.05 according to Student-Newman-Keuls test after ANOVA.
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Frequency distributionn

FIG. 1.

Frequency distributionn

0

02 04 08 09 2 35 5§

Head capsule width (mm)

Larval head capsule width in mm, for L,-Lg larval instars,

180 -
160 -
140 -
120 -
100 -

20 4

¢ A= o 0 R g
i 3 : ./ .l. ‘: ' /‘(\/\
o

i 4 b

0
0

L FF 3 FA. LR T & Y %3 L5 k8

2 5 15 40 100 300 600
Larval weight {(mg)

FIG. 2. Larval body weight in mg, for L;-Lg larval instars.

57



58 ENTOMOLOGIA HELLENICA 15 (2003-2004)

2
o
L

[
L=
1

Larval age (days)

o=

_T"b-—\-_.,__'___‘___ I I i
I N e i
Head capsule width Body weight

(aa) (mg)

FIG. 3. Relationship of H. armigera larval age with the head capsule width and body weight

throughout larval development in Lepidop-
tera disagrees with our results for last instar
both for those completed 5 or 6 instars. A
decrease in growth ratio observed in the last
instar might indicate a physiological stress in
the population. The average ratio in the pre-
sent study is beyond the range reported by
Dyar (1890) for Lepidoptera when 5 instars
are taken into consideration. When the sixth
instar included in the analysis, the ratio falls
within the range reported for Lepidoptera in
relevant studies (Dyar 1890, Daly 1985).
Geographic variation, alternating tempera-
tures and food type may influence the mor-
phometrics of larvae of the same instar.

Laboratory data may differ from that in the
field. A departure from Dyars’ rule is com-
mon for populations suffering greater mortal-
ity than usual under field conditions.
Hardwick (1965) reared larvae of H. ar-
migera on shelled peas in the laboratory at a
constant temperature of 25 °C and found that
30% of the larvae completed their develop-
ment in 5 instars, 69% in 6, and 1% in 7 in-
stars. Hardwick showed that under the same
conditions, the number of larval instars in
other species of Heliothis also varied from 5
to 7, but the percentages of larvae completing
development with 5, 6 or 7 instars varied for
each species. Poitout and Cayrol (1969)
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found that the number of larval instars var-
ied, although there were generally 5 or 6 in-
stars, occasionally there were 7 to 9. They
attributed this variation to differences in the
vigor of the culture used in each study.
Crowding in early larval instars was found to
cause supernumerary instars in Lewucania
separata,. and it was induced possibly to
compensate for reduced size due to food de-
ficiency (Iwao 1962). Furthermore, it was
shown in Spodoptera litura (F.), that over-
crowding in the parental larval stages acts to
induce extra moults in the progeny (Yama-
naka et al. 1973).

Nijhout (1975) first demonstrated that in
Manduca sexta (L.), in which the individuals
with head capsules wider than a defined
threshold size proceed to pupate at the fol-
lowing moult whereas those with smaller
capsules undergo further larval moult. It
seems that H. armigera larva has a control
mechanism that can ‘measure’ its own abso-
lute weight and/or head capsule width so as
. individuals with weight lower than 105 mg
and head capsule narrower than 1.7 mm un-
dergo further larval growth instead to pupate.
These critical values were defined on the
basis of laboratory observation data of indi-
viduals (summarized in tables 1 and 2),
meaning that over these values Ls larvae al-
ways pupate and in opposite, under these
values, L larvae are formed instead to pu-
pate. Morita and Tojo (1984) elucidated that
in Spodoptera larvae the penultimate instar
can be recognized by their head capsules
being wider than 1.65 mm. This may suggest
that strains exist having a different tendency
for supernumerary ecdysis.

In summary, our results suggest that in-
star determination of H. armigera is possible
combining measurements on head capsule
width and larval weight. However, as this
species is capable of responding to environ-
mental conditions by adjusting its number of
molts, a detailed field study in different geo-
graphic locations is needed to further under-
stand this insect’s biology.
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IIpoGaLoPIGILOC TOV TPOVORPIKAV 6TOSI®V Kot T Akiag
Tpovop@®y tov Helicoverpa armigera (Lepidoptera: Noctuidae)
pe Paon To TAGTOG TNG KEQUAKIG KAWAS KoL TO Papog Tovg

A.T. ETAYPIAHE, K. T. YYHAANTHE, II. X. KATAPAXIAZ, II.T. MYAQNAZ,
A. A. YPOYAHX kon M. ZABBOIIOYAOY-2OYATANH

Apiorotédero [lavemariuio Ocaoalovikns I'ewmoviry Zyol, Epyactipio Epapuoousvie Zwo-
Aoylag kar Hapaaitodoyiag, 54124 Ocooaovikny E-mail: matilda@agro.auth.gr

INEPIAHYH

Hpovoppeg tov Helicoverpa armigera (Lepidoptera: Noctuidae) ektpaonxav og xdpo pe 26°C,
pwtopaon 16 wpdv kot oxetikn vypooia 60-75%. Metprifnkav, avd tpovoupikd otddo, To
TAMTOG TG Keatikig Kayag Kat to Papog kabe mpovipeng 2-3 nuépeg petd mv ékduon, pe
OKOTO TOV 7POSSLOPIopd oV TPOVLRPIKOD oTadiov kot Tng nhikiag. Xpnowomomnke enl
mAfov 10 Bapog ™G mpovipeng yiat dev eivan acparic o TPOSSIOPIGUOE TV TPOVOLPLCHY
otadiov povo and 1o mhditog TG KeQuAIKNG Kayas, KaBdoov vapyel aAdnAemIKEAVYT peTaED
TAGTOUG EvOG oTadiov Kol Tov TPoYodpEVOD Kot ETOUEVOD TOV, Kal OKOUT TopoTpeital Sia-
popetikdg appog otadiev petatd tav mpovvppdv. H avartuln copuminpdveton oe 5 mpo-
VOUQIKG oTédi 610 75% TV mpovupedy, ot 6 oto 24% kat ot 7 6101%. To mAdtog g Ke-
pakng kKGyog frav apketd yio ™ Sidkpion Tev mpovouedv g lov otadiov pévo kat to
péyoto mAdrog fitav 0,4mm. To Pépog g mpovipeng fiTav tkavéd povo Tov vo Tpocdlopicst
mpovopgeg 1ng kot 2ng nhkiag. H dwagopd petagd lov kan 20v otadiov frav 1mg ko petats
2ov ka1 30v otadiov 5,5mg. ZvoyETion Kal avaAvoTn TapoAlakTKOTTOS TV 800 TepopéTpay
pag divel T SvvardTnia TPocdlopiopod GAMV TV TPOVOLPIKGOV oTadieV Hiag Tpoviueng pe
mboavomra 96,9%,.kabdg ko v nAikie g o Npépes omd TV ekkOoyT).
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