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Background:

The development of population dynarnics models of Henothis populations in multicropping

systemsrequiredinfomiation on reproductive development, longevity and lifetime fecundity

of adultfemaleHeliothis in order to simulate the daily inputofwhite eggs to each simulation
unit.

Studies withH. aruzigero and other species overseas have shownHeliothis spp. to be highly

fecund. filthe laboratory females may coriumence laying after a prereproducti. ve period of2-3

days andlay 1000-2000 eggs during theirreproductivelifeti. me of5-8 days. However only

litntted laboratory data was available for AustralianH. armigero and little orno data is

available forH. punctigero. . Potential fecundity in many insectsisrelated to adultbody size

which in turn may be influenced by the quality offo0dconsumed by the larvae. Henothis

develop on arange of cultivated andnon-cultivated hostplants which may vary considerably

in their suitability for larval growth. Differences in weightofpupae produced on different

crops havebeenrecorded (Finunpub. data) which may influence potential fecundity and

longevity. What was needed was areIative measure of the effects of hostplanton

reproductive pertonnance to provide coefficients for the simulation models.

maddition we required data on the effects of seasonal climatic factors, particularly

temperature and daylength onrateofreproductive maturati. on and longevity of both sexes and

of egg production in females at differenttimes of the season. No quantitative data was
available on such effects.

To measure the effect of biotic factors (host crop, body size) and abiotic factors (temperature,

huntdity) on reproductive development, fecundity and longevity of adultHeliothisp!, 11ciiger"

andH. grungero for incorporation into simulation models of Henothis population dynarnics,

Research

This project covered three major areas of work focussed on the reproductive perlomnance of
adultHeliothis:

(i) the influence of seasonal climatic factors on reproductive development andperfonnance of

bothH. on73igero andHpi, 11ctiger@

(ii) the effect of biotic factors, larval host plant and adult body size, on fecundity and

longevity ofH. grinigero

(in) the impact of multiple matings on reproductive perlonnance inH. armiger@



Influence of seasonal climatic factors. A major part of the work involved studies to

measure reproductive maturation, daily and lifetime fecundity and longevity under varying
seasonal conditions in the Namoivalley. The aim wasto develop a comprehensive modelof

Heirothis reproduction able to accouuuodate varying effects of temperature and hmmdity. This

was achieved by following the development of cohorts of newly emerged adults held in an

outdoor insectary where they experienced natural extremes of temperature and humidity.

During the 1988/89 season cohorts were completed at approximately monthly intervalsftom
December to April, while in 1989/90 cohorts were done for September through to February.
For each cohort we record (a) the mean age of first mating as a measure reproductive

maturation, (by daily fecundity of individual females and (c) longevity and dry weight (at
death) of eachfemale.

These studies showed the following:

(i) H. punctigero was always more fecund thanH. damiger@, even thoughH. armigero is

consistently the larger species (Table I)

(it) oripositi. on cornmenced at around 4000 with peakovipositionoccurred from 50-100
day degrees(using a base of 120C) after emergence, fonowedby arapiddecline, with all

ovipositioncompletedby 160-180 DD.

(in) There was acurvilinearrelationship between lifetimefecundity and average day-

degrees duting the ovipositi. on period, with fecundity increasing to a maximum when mean

dally temperatures averaged 13 DD.

(tv) H. an?liger@ was longer lived thanH. punctigero, andfor both species longevity

showed a linear and negative relationship to mean day-degrees during the lifetime,

probably as areSUItof aphysiologicaltrade-offbetween somati. c maintenance andegg

production. .

(v) Both species showed a typical Type lage-specific mortality function with intti. ally high

survival followed by rapidmortality from about 15000 OFig. I)

(vi) The frequency of mating showed a sigmoidrelationship with physiological age

(Fig. 2), with 50% offGinales mating by 35-4000 after emergence.

Effect of larval host plant and adult body size on fecundity and longevity

To quantifythe effects of host crop on size andfecundity samples of pupae were collected

from nanirally occurring populations under different crops. Lifetime fecundity, longevity and

dry weight of each female was then measured under constantconditions in the laboratory.

The annofthis work wasto deterTime whether larval hostplant influenced fecundity and

other parameters, other than through its effecton body size. in both 1988/89 and 1989/90
data was obtained formothsftom maize, chic}:pea and cotton. Further data was obtained for



mothsftom sorghum, chiclcpea and maize during the 1990/91season, but this has not yet

been analysed andis notreportedhere. The low abundance of Henothis during the firsttwo

seasons made it extremely difficultto obtatiisufficient pupae from other crops.

Mothsfrommaize were the largest and mostfecund , while those from cotton were the

smallest and produced fewest eggs (Table 2). There was a significantpositive linear

relationship between lifetime fecundity and body size (indicated by dry weight at death). This

result was achieved irrespective of host origin indicating there was no additional effect of host

plant on fecundity other than that due to differential body size. Likewise a single linearmodel

best described the relationship between longevity and body size for allhost groups.

Impact of multiple matings on reproductive performance in H. armtger@

In the field female Henothis may mate from I-6 times during their lifetime. In our

experiments, where cohorts of females are mass mated with surplus males for 3 nights
before being separated into individual containers, most mate once or twice. To datennine

whether multiple matingsresultin gi. eater fertility or lifetime fecundity, we conducted a

laboratory experiment in which females where allowed to mate a varying number of

times. These experiments showed no significant effect of mating frequency on lifetime

fecundity nor on fertility; 95-99% of eggs laid by singly mated females were fertile

throughout their lifetime.

Modelling reproductive development of HeIiothis.

From the experiments described above sub-models were developed for bothH. czrmigero

and H. punctigero to predict:

. daily egg production as a function of physiological age and daily temperature

. age-specific survivorship of adultfemales

. proportion of moths mated as afunction of physiological age.

The sub-modelofdaily egg production forH. armigero wasfurther extended to account

for seasonal trends in certaliiparameters andto include the effect of body size and hence,

larval nutrition. These sub-models describe simple age-specific life tables for adults and

are being incorporated into the TIEAPS population dynarnics model.

Achievement of Objectives.

This project was successful in achieving allits major objectives and in producing a
quantitative description of reproductive development andperfonnance ofH. grungero andH.



punctigero for incorporation into the 11EAPS model. The sub-models of daily fecundity,

survivorship and mating explain much of the variation in the data sets and will be adequate to

predict reproductive parameters over much of the breeding season. However, some further
work may be needed on maturation, mating and fecundity of early spring populations when
temperature conditions approach the threshold for development. Field observations suggest
some anomalies which are not wellexplained by studies sofar.

Publications.

The bulk of the work conducted in this study has formed the basis of a Masters Thesis

subnxitted by Mr. Spessa to the University of New England. The thesis is currently under

exarntnation. Fonnalpublications will be developed from the thesis.

Table I. Reproductive parameters for laboratory reared H. armigera and H. punctigera
exposed to varying climatic conditions in the NamoiValley.

paranieter

Average
Lifetime fecundity

Oviposition period

Timefor

50% mortality

Timeto

50% mating

Average dry
weight

H. glintgera

1255

H. punciigero

121

194

1680

41

Units

28

1/7

165

eggs/female

35

DDabove12

DD above 12

21

DD above 12

ing



Table 2. Reproductive parameters forH. omitger" which developed naturally on different
crop hosts or on artificial diet.

Larval diet

Artificial diet

Maize

Adult dry
weight

(ing)

Chicl:pea

Cotton

27.2

Lifetime

fecundity

28.8

27.4

21.4

Oviposition
period

(00012)

1185

1250

1150

838

132

Longevity

coDoj2)

142

146

129

224

229

215

178
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FIGURE I. Observed proportion of early moths surviving and proportion of early mated
moths surviving as a function of physiological age from emergence (DD'12).
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FIGURE 2. Observed proportion of moths mated and proportion of moths mated as a
function of physiological age from emergence (DD'12 ).
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