
/J^^*Ocrf:» *^/9Sr^r< o/' /fe.^,^^^^*-^*9^S<^,e*^<:^ 

SOME ASPECTS OF THE NATURAL 

CONTROL OP LARVAL HELIOTHIS ARMIGiRA (Habn.) 

IN MAIZE 

beiiig a t he s i s presented by 

P . H. TWINE 

Bachelor of Agricultxiral Science 

in Ehtomology 

within 

University of Queensland 

for the degree of 

MASTER OP AGRICULTURAL SCIENCE 

1974 



C O N T E N T S 

SUMMARY 

ACKNOWLEDGEMENTS 

I. REVIEW OP LITEEL4TURE 

(i) Distribution and Host Records 

(ii) Pattern of Attack on Maize 

(iii) Life Cycle 

(iv) Larval Instars 

(v) Control 

(vi) Area of Study 

II. DEVELOPMENT AT CONSTANT TEMPERATURE 

(i) Introduct ion 

(ii) Materials and Methods 

(iii) Results 

(iv) Discussion 

(v) Conclusion 

III. INSTAR DEVELOPMENT 

(i) Introduction 

(ii) Materials and Methods 

(iii) Results 

(iv) Discussion 

(v) Conclusion 

IV. MORTALITY IN MAIZE 

(i) Introduction 

(ii) Materials and Methods 

(iii) Results 

a) Population Decline 

b) Key Factors 

c) Mortality Agents 

d) Prediction of Density Levels 

4 

6 

7 

9 

10 

11 

12 

13 

16 

19 

19 

20 

22 

25 

26 

27 

27 

31 

34 

35 

35 

36 

38 

40 

41 



(iv) Discussion 

a) Methods 43 

b) Cannibalism 46 

c) Other Mortality Factors 47 

(v) Conclusion 47 

V. DEVELOPMENT UNDER FIELD CONDITIONS 

(i) Introduction 49 

(ii) Results 49 

(iii) Discussion 51 

VI. GENERAL DISCUSSION 53 

59 
APPENDIX A - The method of rearing H. armigera in the 

laboratory 

APPENDIX B - Field Data 63 

APPENDIX C - Statistical Analyses 64 

BIBLIOGRAPHY 70 



SUMMARY 

Heliothis armigera (Httbner) is the most common 

pest attacking maize on the Darling Downs and in some seasons can 

be present in economic numbers, particularly on the newly emerged 

silks of the maize cob. In spite of the size of the population on 

infested cobs, the damage caused by its presence seems to be 

consistent from season to season. During the study it was 

established that, irrespective of the initial e ^ density recorded 

on the silks, the population of final instar larvae per infested 

cob rarely exceeded unity. The mortality factors associated with 

an infestation on maize were monitored and the extent of egg and 

larval parasites and diseases was established as being insignificant 

in causing this decline. These results would be expected in view 

of the protection afforded by the tight husks around the cob. 

The decline in population within the cob has therefore been 

associated with the activity of intraspecific competition (namely 

cannibalism) with the major proportion of the total population 

decline taking place during the first and second instars. This 

time period coincides with the stage of larval feeding when laz^ae 

begin to enter the cob by feeding along the silks. For most lines 

of maize, this area represents a restricted "arena" where larval 

density increases towards the cob and, as such, provides a greater 

opportunity for conflict between larvae. 

Laboratory studies of the nature of larval 

growth were undertaken in order to prepare a suitable method of 

sampling and identifying field populations of H. eirmigera. 



The relationship of development time to 

temperatxire was examined using the Thermal Summation method. 

From the analysis of these data the Threshold of Development 

was estimated to be 10.7® and the development time 260 day 

degrees (in excess of 10.7 ) for development from hatching to 

final instar. 

In order to identify the stage of 

development of the larvae, head capsule measvirements were made 

of laboratory bred larvae. However, it was established that 

the use of head capsule widths did not give a consistent 

indication of the stage of larval development due to variation 

recorded in the number of larval moults. The cause of this 

variation was outside the scope of this study but was 

considered to be due to the nutritional qualities of the larval 

food. This nutritional deficiency increased development time 

and resulted in more moults. 

For field collected material the recording 

of head capsule widths indicated that there were commonly six 

larval instars but these were not precisely defined. There was 

a large degree of overlap in the head widths of third, fourth 

and fifth instar larvae. 

A method of rearing Heliothis sp. on an 

artificial diet is discussed but its usefulness is considered 

as limited to four consecutive generations, after which larval and 

pupal development times become more variable, the incidence of 

malformed adults increases and the pupal weight decreases* 
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I. REyiBW OF LITERATURE 

Heliothis armigera (Httbner) (Noctuidae; 

Lepidoptera) belongs to a particularly complex genus of moths 

known throughout the world as major agricultural pests since 

first described by Pabricius in 1794* Although it is difficult 

to estimate the monetary value of damage associated with this 

group, the vast quantity of literatvire is an indication of its 

importance. 

Unfortunately, earlier studies on 

H. armigera are now confounded by the problem of conspecificity. 

Common (l953) described four Australian species, all previously 

recognised as H. armigera and Hardwick (1965) in a study of 

world species has described seventeen species. As a result, the 

identity of the species referred to in previous papers is in 

doubt. 

The name Heliothis was first used by Httbner 

in his Tentamen Lepidopterorum (18O6) although it wasn't until 

1816 that the genus Heliothis was described by Ochsenheimer. The 

validity of this description was discussed by Hampson (l903) who 

reasoned that Ochsenheimer's description was invalid and hence 

attributed the genus to Treitschke although Tams (1935) disputed 

this criticism on the grounds that Ochsenheimer's description of 

the genus and the species involved was quite definite and indicated 

that the genus should be ascribed to Ochsenheimer. 

Prior to the tvirn of the century most species 

now recognised as belonging to the Heliothis group were considered 

as one species although Hampson (1893) and Piepers and Snellen 

(1906) recognised Heliothis assulta Guenee as a distinct species. 
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Aurivillius (1897) and Hampson (l903) indicated 

a change of name from armigera to obsoleta with Ifemrpson (l903) placing 

several species including Noctua armigera in the genus Chloridea. 

However, Tams (l935) disputed the use of obsoleta on the grounds that 

it was a homonym of Bombyx obsoleta, a species included in the 

Lymantriidae. Since then the name Heliothis armigera has come into 

more general use. 

Common (1953) recognised and described four 

Australian species belonging to the Heliothis group and discussed 

their relationship to the North American species Heliothis vunbrosus 

Grote, which has since been shown to be Heliothis zea Boddie by 

Todd (1955)' There were then six species recognised as belonging to 

the genus. 

Hardwick (I965)1 in describing the genus Heliothis, 

described eleven new species and two sub species distinguishable 

on the structure on the penis and proposed that all these species 

constituted a morphological homogeneous group. Since they all 

differed significantly from dipsaoea (Linneus), the type species 

of Heliothis, Hardwick suggested that they be excluded from this 

genus and the name HeIicoverpa was proposed. Hardwick (1965) 

failed to recognise Heliothis rubrescens (Walker) as described by 

Common (l953) but regarded it as belonging to the genus Thalpophila 

in which it was originally described by Walker in 1858. This genus, 

Hardwick said "represents a morphological condition in some respects 

intermediate between that of Helicoverpa and Heliothis". By that he 

presumably meant that morphologically Thalpophila was intermediate 

between Heliothis and Helicoverpa, an observation that immediately 

weakens his conslusion that the last two groups are generically 

distinct. 



The proposed name Helicoverpa has failed to 

gain recognition by Noctuid specialists although it may be used 

as a sul>-genu8. 

(i) Distribution and Host Records 

In the light of this confusion it is still 

possible to examine critically the current host records and 

distribution data. 

Unlike some of their relatives in the family, 

many of the species of the corn earworm group will feed on an 

extensive array of food plants. H, armigera has been shown to be 

widely distributed and common throughout Australia. Common (l953) 

recognised this species as largely confined to the coastal and 

sub coastal areas of Queensland and New South Wales. Kirkpatrick 

(1961) substantiated this claim in Queensland by showing that 

only Heliothis punctigera Wallengren was found further than 100 

miles inland. However, with the recent introductions of a range 

of host material to the drier inland of Australia, both major 

species of Heliothis have been recorded beyond this limit. Records 

of Common (l953) indicate that H. armigera was most prevalent in 

the wao'mer half of the continent. Cullen (1969) recognised 

H. punctigera as the only economically important species in South 

Australia, the only records of H. armigera in this area being three 

specimens in the South Australian Museum collected more than 60 years 

ago. Few reports of H. armigera have been recorded from Tasmania, 

Victoria and southern Western Australia. 

Sloan (1940) gave a rather extensive review of 

hosts of Heliothis species in Central Queensland although the 

actual identification of the species involved is doubtful. 
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The distributioncf Heliothis in Queensland is 

still rather confused. Kirkpatrick (1961) gave an extensive 

review of host records of the foiir recognised Australian species. 

Recent host records and distribution data taken from the Darling 

Downs 197O-I972 confirm many host records in this list. 

H. armigera has been found attacking barley, french beans, celery, 

cotton, Tonga beans, lettuce, maize, navy beans, potatoes, sor^um, 

tobacco, tomatoes, wheat and millet. H. punctigera. on the other 

hand, has been recorded attaching apples, cotton, geraniums, 

linseed, lucerne, peanuts, peas, rape, thistle, sunflower and 

tobacco. 

(ii) Pattern of attack on Maize 

Patterns of Heliothis attack on maize are 

generally restricted to three stages of plant growth, uj,nijly the 

late vegetative stage, tasseling and silking. The principal site 

attacked is the silks although Twine (l971 a) reported that with 

heavy infestations of moths early in plant development, 

infestations in the throat of the plant are not vincommon. Such 

infestations often retard growth. 

Eggs are laid singly over the newly emerged 

silks and larvae hatching from these immediately seek the husk-

enclosed portions of the silks and begin to feed. As feeding 

continues the larvae eventually reach the grain which serve as the 

final larval food. McMillian et^al. (l970) established a 

relationship between larval development of H. zea and plant 

development to explain why early instars of the com earworm feed 

on the silks and then penetrate to warious depths of the kernel 

according to larval age. The chemical nature of these phago-

stimulative substances was not determined. 
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Upon completing larval development on the 

kernels the larvae tunnel through the husk and move down the plant 

to form an earthen cell beneath grotmd level where they pupate. 

(iii) Life Cycle 

The life cycle of this pest has been fairly 

well documented by many workers (Anon. 19511 Hardwick I965)t 1̂ *̂ 

it is only in recent years that the effect of temperature on 

development of the life cycle has been studied in any detail. 

Kirkpatrick (1962) attempted to relate 

development time to temperatiire for the four Australian species of 

Heliothis by following larval development under insectary 

conditions throughout the year. Popava (l969) was able to relate 

development times of eggs, larvae and pupae to field temperatures 

in different areas of Bulgaria. 

Mangat and Apple (1966) reported on 

development time studied under controlled temperature conditions 

and, using the principle of Thermal Sximmations as outlined by 

Wigglesworth (l965)» were able to establish a threshold of 

development at 12.6 and a temperature summation for development 

from egg to adult as 383.4 ^^ degrees for H. zea. More recently, 

lire and Stzrber (l97l) reported on laboratory studies of egg 

mortalities associated with exposure to high temperatures and 

concluded that, under arid conditions when leaf temperatures exceed 

40 for foixr hours, the svurwival of H. zea eggs may be adversely 

affected. 
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With the development of artificial diets for 

mass rearing of large numbers of insects, the interest of the 

effect of heat on development has shifted to the effect of short 

term exposure of eggs to high temperatures (> 50 ) incurred in 

the continaous process of media dispensing and container infesting. 

Hare et al. (l973) considered that temperatures of 45 to 50 for 

3-12 minutes were sufficient to seriously affect egg hatch. 

Massey et al. (l973) investigated the use of 

heat as a nonchemical control agent for use against Lepidopterous 

pests of cotton. Their results however indicated that the heat 

required for significant larval mortality was also injtirious to 

crop growth. 

(iv) Larval Instars 

The larval life of H. armigera is classically 

defined by five larval moults with the final sixth larval instar 

terminated by a prepupal stage which is completed once the pupal 

cell has been constructed. 

Kirkpatrick (l96l) in detailing the 

morphological characters of the four Australisui species gave an 

outline of the head capsule measurement for each instar of each 

species. His work suggested the presence of six definite instars 

for H, armigera. However, for many years the number of instars has 

been shown to be variable and several workers have associated 

causal agents with these conditions. Quaintance and Brues (1905) 

ascribed all variation in the number of larval instars to 

nutritional factors. The authors noted that larvae fed on maize 

and cotton, completed development in six instars whereas a few larvae, 

reared on cowpeas, completed development in only five instars. 
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Work by Gaines and Campbell (l935)f while not entirely consistent 

with the work of Quaintance and Brues (l905) did support the role 

of nutrition in instar determination. Larvae of H. obsoleta fed 

on maize completed development in six instars whereas those fed on 

cotton developed through seven instars. 

On the other hand, Jones (l936) suggested 

that temperature was a determinant for the nature of instar 

development. Larvae of H. armigera observed in South Africa 

usually go through seven instars during the winter months but take 

only six instars to develop during the warmer months. 

In the light of these data, Hardwick (l965) 

bred larvae of H. armigera on shelled peas in the laboratory under 

constant tempcratvire (24 ) and still found variability in the number 

of instars. He found that for H. armigera. 69% completed 

development in six instars, 1^ in seven and 30^ in five instars. 

Hardwick in this same paper showed that under the same conditions 

these proportions varied for different species of the Heliothis 

genus. 

(v) Control 

The control of populations of Heliothis may be 

broadly divided into two categories: those aimed at an overall 

reduction of a population and secondly those aimed at the protection 

of a specific crop. Controls of the first category include the use 

of parasites and predators and, in general, have not proved 

successful. In the second category such techniques as the use of 

resistant varieties, repellents, insecticides or cultural methods 

have met with a more general success. 
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Walker and Anderson (l938), Phillips and 

Barber (l940), Douglas (l954) and i^rrier and Reid (l96l) have 

reported on the importance of planting date for Heliothis 

control. Ditman and Cory (l936) and Ditman (l937) reported on 

the use of baits to reduce oviposition but no measurable 

reduction was realised. Similarly, the use of light traps 

(Carruth and Kerr (l937))i repellents (Chamberlain 1954) and 

trap crops (Qusdntance and Brues 1905) have proved useless. 

Attempts to decrease larval infestations 

by destroying eggs have been both chemical and biological. 

Gouck and Blanchard (l95l) tested a number of ovicides but 

concluded that the oils used in the preparations were more 

active than the chemicals tested. A number of attempts with 

the eSg parasite Trichogramma minutum Riley have been detailed 

(Fletcher l933)(Larrimer 1935) ̂ "̂t no reduction in larval 

populations was recorded. 

The use of resistant lines of maize has 

received extensive study. Collins and Kempton (1917) associated 

resistance with the length and thickness of the husks. More 

recently, Guthrie and Walter (l96l) and Widstorm et al. (l970) 

have described the factors associated with Heliothis spp. 

resistance in maize lines. 

The direct destinxction of larvae has involved 

a range of methods from hand picking (Boddie 185O) and pinching 

Skerman (1909) to the more popular method of insecticides, for 

example, DDT, endosulfan, carbaryl, (Quaintance and Bishopp 

1905, Rolfs 1907, Fletcher 1929, Arant 1951)• 
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More recently, with the use of chemicals gaining unfavotirable 

reports, Oatman et^ al. (l970) have examined the iise of a 

rauclear polyhedrose virus and the bacterium (Bacillus 

thmrin^iensis) for larval control. 

Despite the use of various forms of control 

applied against Heliothis, one important factor to be 

considered in discussions on control is the nature of the larvae 

to attack and devour larvae of their own kind. Phillips (l93l) 

reported that cannibalism of Heliothis was the most important 

factor limiting populations in maize. Subsequently, Barber 

(1936) reported that, as a result of the concentration of larvae 

of Heliothis obsoleta at the neck of the cob, it was most common 

to find only one larva completing development in the ears. He 

established cannibalism as characteristic of all instars. 

Conflicting reports have since been published 

on this subject, largely based on observations associated with 

the development of artificial diets and mass rearing techniques. 

Bot (1966) considered that only the final instar of H. armigera 

had cannibalistic tendencies. Patel et̂  al. (1965) reared larvae 

of H. armigera on potted gram plants until third instar and then 

isolated them in separate specimen tubes since they considered 

that larvae "developed cannibalistic tendencies in their later 

instars". Kinzer and Henderson (l968), studying losses in grain 

sorghum attributed to various density levels of H. zea larvae, 

concluded that cannibalism did not reduce the size of artificial 

infestations and reported up to thirteen larvae per head 

completing development. 
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Twine (l97l b) described the decline of artificial populations of 

H. armigera \mder laboratory conditions and concluded that 

cannibalism operated on all instars and is a major regulatory 

factor for h i ^ density populations and of less importance at 

lower densities. 

(vi) The area of study 

The Darling Downs comprises a vast area of 

8 X 10 ha extending north and south from Dalby with the Great 

Dividing Range forming the eastern and northern boundaries. The 

general elevation of the Downs is in the vicinity of 15O m to 

300 m with the ©entral drainage line to the southwest through the 

Condamine River and its tributaries. 

The centre part of the Downs is an extensive 

open plain, merging into the adjoining lands in a fashion which 

enables the whole area to be sub-divided into distinct regions, 

each somewhat comparable in area. 

Eastern Downs 

This is a stretch of xmdulating coimtry 

connecting the south east half of the open plain to the Great 

Dividing Range auad is the most populous and intensively farmed 

sector. The dominant soils of the area are brown black, self 

mulching clays and, except for the steepest slopes and stony 

ridges, the whole of the region is cultivated. Closer settlement 

and consequent cultivation of these soils have introduced an 

erosion problem of some magnitude. Exposed weathered parent 

material on improtected slopes, shallow gullies, transversing 

cultivations and deep sided gullies in the alluvivims are 

already obvious. 
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North Eastern Downs 

The area runs ftom the north oast e m edge of 

the open plain through to the main range. Topographically, the 

region is not unlike the south eastern sector but, because the 

soils and their inter-types are more stable and since smaller 

areas are arable, soil erosion is less obvious but nevertheless 

equally important. 

Western Downs 

This term is used to describe those lands 

generally regarded as belonging to the Darling Downs but lying 

west and south of the open plain. The Condamine River is regarded 

as the border between these two regions. 

Open Downs 

Broken only at its centre aroimd Dalby, the 

open downs is an otherwise continuous stretch of flat, featureless, 

treeless, black soil plain. This deep black soil was formed under 

grassland vegetation subjected to conditions of summer rainfall and 

winter drought. The high clay content gives the soil its renowned 

moisture holding capacity. 

After the introduction of dwarf grain sorghvun, 

maize has become a summer crop of secondary importance with future 

production to be confined to the more favoured sections of the 

Eastern Downs. Realisation locally that the newer maize hybrids 

have a hardiness not found in the open pollinated varieties and 

the development of irrigation areas has caused somewhat renewed 

interest in maize. 
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The Darling Downs is now regarded as the main maize growing area of 

the State, with some 26 323 ha planted to maize in 1969-1970 (see 

footnote). This represents approximately 45?̂  of the State's total 

acreage. An average farm yield is approximately 820 kg per ha vdth 

yields up to 4 300 kg per ha being obtained in the south eastern 

region. Local disease and insect activity has been of little 

commercial consequence to date, although, in more recent years, the 

tendency for growers to apply chemical controls to combat pest 

presence is increasing. The present study was undertaken to 

establish the extent of natural mortalities operating against larval 

populations. 

Footnotes This figure was obtained by summing data presented 

in the relevant Shire Handbooks published by the 

Queensland Department of Primary Industries. 
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II. DflVBLOFMaNTT AT GQNSTAIiT TjllPigATURSS 

i) IM'RODUCTION; 

A prerequisite to the formulation of sampling 

techniques for larvae from field populations is a knowledge of the 

duration of each larval instar so as to determine a suitable 

frequency of sampling. Insufficient sampling would result in 

failure to record all instars and give a biased estimate of 

population trends. 

Although an estimate of the duration of the life 

cycle is roughly documented (Anon. 1951)f no accurate assessment 

of the effect of temperature on the rate of larval development has 

been made. 

ii) MATERIALS AND MBTfiODS: 

A colony of H. armigera was started using larvae 

found attacking maize at Wyreema. In the laboratory, these larvae 

were fed on an artificial diet and this fact must be considered 

when assessing the results obtained, since continuous rearing on the 

artificial diet leads to a general decline in vigoiir of the colony 

after three or four generations (Appendix A). The eggs used in the 

study were laid by moths developing from field collected larvae, 

i.e., first generation. 

Eggs less than 12 hours old were collected from the 

laboratory colony of H. armigera and placed individually in 55 g 

glass jars containing 10 ml of an artificial diet (see Appendix A ) . 

Fifty larvae were used at each temperature and these were examined 

every 24 hours to record the stage of development. 
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The study was carried out vinder continuous darkness 

using a ten chamber multitemperature incubator giving a range of 

temperatures from 10° to 38 of which only seven temperatures 

(l3f 18, 21, 24, 27, 34 and 38) were used. The accuracy of chamber 

temperature decreased towards the extremities of the range. 

iii) RESULTS: 

The duration of each age interval for each temperature 

treatment is set out in Table II (a). The durations of larval life 

at 13°, 18°, 21°, 24°, 27° and 34° were 120, 35i 24, 18, 14 and 12 

days respectively. These data were converted, for ease of <aLculation 

from a hyperbolic to a linear form by relating the rate of 

development (reciprocal of development time) to temperature. This 

relationship is illustrated in Fig. 2 (a), to which the following 

linear regressions have been fitted. 

Larvae Y = O.OO385 X - O.O41 (1) 

Pupa Y = 0.00473 X - 0.054 (2) 

Total Life Y = 0.00209 X - 0.023 (3) 

where Y = reciprocal of development time 

in days 

X - temperature ( C) 

Extrapolation of this graph indicated a threshold of 

development - at 10.65 (i.e., Theoretical temperature below which 

development does not occur) and a Thermal Summation Constant for 

larvae from egg hatch to final instar at 259*74 day degrees. 

Althoiigh complete larval mortality was recorded at 

38 the duration of the few larvae which did survive early instars 

indicate that at 38 larval instar development was retarded and the 

fastest development time for larvae would be 34 • 



MEAN AND STANDARD DEVIATION OF DEVELOPMENT 
TIME (days) FOR IMMATURE STAGES OF 
Heliothis armigera. 

AGE 
INTERVAL 

1st instar 

2nd 

3 r d 

«th •• 

5 th " 

6 th •• 

Pro Pupa 

L a r v a l 
L i t * 

Number of 
Larva* 

Pupal 
Lit* 

Numbar of 
Pupq« 

T o t a l 
Lif* 

TEMPERATURE ("0 

13-1 

7-5^ 0-8 

7-1 - 1 - 2 

12-ff - 1 

19-0* 8-9 

2 4-7-5-5 

28-0-5 -9 

2 0-8*3-9 

119-9 * 9-6 

12 

— 

- 0 

18-5 

3-0 i 0 - 0 

2-9 to-5 

4-0*0-5 

5-1 * 0 -7 

6-2-1-6 

8-3*1-2 

6 0 i 0 - 7 

3 5-3-2-0 

45 

33-9 * 3 - 6 

1 6 

69-0*4-1 

21-3 

2-0^0 2 

2-1 •£ 0-4 

3-1 * 0-5 

31^0-4 

4-9*1-0 

6-1 *1 -3 

3-0* 0-7 

24-0*2-2 

47 

2 2 - 6 * 2 - 0 

<0 

46-6 *2-2 

2A'6 

1 - 5 - 0 - 5 

1 - 5 i 0 - 5 

3-0 It 0 1 

2-6^0-5 

2-04 0-b 

5 - 5 t 0-8 

2 - 5 * 0 - 5 

18-5 41-3 

49 

1 5 - 7 * 2-2 

44 

34 -2* 3-1 

27-1 

1-0 

1-0 

1 ' 8 i 0 - 5 

1-9 * 0-3 

2-0 4 0-5 

4 -3 *0 -8 

2 -4*0-5 

14-5*1-0 

U 

11-5-1-6 

42 

2 6-1 i 1-8 

33-9 

1-0 

1-0 

1-1 4.0-4 

1 -74 0-5 

1-4 4 0-6 

3 - 5 * 0 - 6 

2 -0 t0 -2 

11-7 + 0-9 

41 

10-0 10-7 

36 

21-6 40-9 

38-A 

1-0 

2-0 

1-340-2 

5 0 

- -

— 

— 

— 

0 

— 

0 

— 



21 

However, the larval mortality associated with development at 

34^ (8.9^) is higher ttian that at 27° (4.3?S). At 38° it is 

probable that heat stress has been responsible for prolonged 

development and for temperatvires in excess of this value thermal 

mortality would occur earlier. 

The duration of pupal development associated with 

temperature described in equation (2) and illustrated in Figure 

2 (a) gives a threshold temperatiire of 11.42 and a Thermal 

Summation Constant of 211.4 day degrees. It is apparent that 

heat stress conditions do n<± operate on pupae up to 34 » since 

pupal development time is not prolonged at this temperature. 

However, over the range of temperatures used, pupal mortality 

decreased as temperature increased up to an optimum of 27 , above 

which mortality begins to increase. This compares with an optimum 

temperature for larval survival at 24 . 

Egg mortality as outlined in Table 2 (h) appears to 

be unaffected by low temperatures in excess of the threshold 

temperatures whereas, in excess of 34 the viability of eggs is 

greatly reduced. The mortality associated with development at 

the various temperatures indicates that for optimum survival, 

temperatures should be maintained within the range 24 - 27°. 

The effect of temperature on total development from 

newly hatched larvae to adult emergence is illustrated in Figure 

2 (a). From results of individuals completing development at each 

temperature (Table II (c)) it is significant that, at lower 

temperatures, development is faster for females than males (P=0.015), 
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TABLE n(b) MORTALITY (%) FOR IMMATURE STAGES OF Heliothis armigera 

EACH OBSERVATION BASED ON 50 EGGS. 

Egg 
Mortality 
Larval 
Mortality 
Pupal 
Mortality 
Total 
Mortality 

TEMPERATURE (°C) 

13-1 

2-0 

75-5 

(a) 

18-5 

0-0 

10-0 

6,4-4 

66-0 

21-3 

2-0 

4-1 

14-9 

20-0 

24-6 

0-0 

2-0 

10-2 

12-0 

27-1 

8-0 

4-3 

4-5 

16-0 

33-9 

10-0 

8-9 

12-2 

28-0 

38-4 

92-0 

100-0 

— 

100-0 

(3) Pupae in diapause 



TABLE 11(c) DEVELOPMEni TIME (in days ) 

AT EACH TEMPERATURE 

Males 

Females 

t value 

Probability 
of differentt 

Temperature (°C) 

21-3 

4 7 - 5 * 2 - 3 

4 5 - 6 1 2 - 0 

2 - 5 5 1 

1 5 % 

24-6 

3 4 - 4 - 2-3 

33-01 3-0 

1-631 

1 1 % 

27-1 

2 6-1 1 1 - 7 

2 5 - 9 1 1 - 8 

0 -354 

50% 

33-9 

2V5 tO-9 

21 - a i v o 

0'996 

33% 
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Above 27°, however, this difference does not persist (P=0.33). 

There is no significant difference between the sex ratio (see 

Table II (d)) at any of the temperatures employed (P=0.50) 

(see page 67). 

During larval development no measurements were 

made of -fcitehead capsule or of cast head capsules so as to actually 

establish each moult. Instead, overall morphological characters 

were considered to gauge instars. Because of the variations in 

larval development (see Section III) results could not be analysed 

on the basis of individual instars. 

The distributions of development times for all 

temperatures have been transformed to a common mean (o) and unit 

variance. The transformed distribution of larval life is 

illustrated in Figure 2 (b) and differed from the expected normal 

distribution (P < O.OO5) (see page 64), thereby indicating the 

possibility of a bimodal distribution and thus supporting the 

hypothesis of a proportion of the larvae having a longer develop­

ment time, probably as a result of including an extra larval instar. 

The distribution for pupal life (see Figure II (c)) also differs 

significantly from normality (P < O.OO5) (see page 65) although the 

bimodal relationship is not so apparent. The larval life and pupal 

life distributions are not significantly different from each other 

(P=0.005) (see page S6 ). 

iv) DISCUSSION; 

Wigglesworth (19^5) when discussing the mathematical 

descriptions of temperature effects on insect development, considers 

that the velocity of development is proportional to temperature 

within the "normal range" of temperatiires for many Lepidoptera and 

Diptera. 



TABLE U(d) SEX RATIO OF MOTHS 

DEVELOPING AT EACH 

TEMPERATURE 

No. males 

No. females 

% males 

Temperature ("C) 

21-3 

17 

19 

47-2 

24-6 

22 

15 

59-5 

2 7-1 

21 

21 

50-0 

33-9 

21 

13 

61-8 
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Howe (1967) in his review of the effect of temperature on embryonic 

development partly rejects this relationship for the assessment of 

embryonic development since the concept assiimes that the changes 

from fertilisation to hatching always take, the same course of 

events and that environmental changes will affect it equally at all 

stages. This situation is not true however for many eggs going 

through a facultative diapause stage. Howe (19^7) adopted the 

asymmetric catemary relationship on the grounds that it attempts to 

cover the curve for the entire temperature range. Cullen (19^9) 

working with H. punctigera adopted a method similar to that of 

Pradham (1946) and fitted all his curves by eye. 

From a practical viewpoint the use of the Thermal 

Summation and Development Zero is acceptable. Since the tempe atures 

considered in this present study fall within Wigglesworth's "normal 

range" a linear relationship of development velocity and temperature 

was adopted. Mangat and Apple (1966) applied this principle to 

development of Heliothis zea and established a threshold temperature 

of 12.6 and a Thermal Summation Constant for development from egg to 

adult at 383.4 day degrees. This would indicate that the sample 

population of Heliothis zea used by these authors was less adapted to 

cooler conditions than those from this present study. This difference 

might also be attributable to the different artificial diets used. 

The Thermal Siimmaticn Formula (Y = (t - c) T ) where Y = Therma.l 

Summation constant, t = temperature, c = Threshold Temperature, 

T = Development Time at temperature t) necessitates two sets of data 

for temperature and development time for a solution of the two 

unknown values. 
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The r suits of Mangat and Apple {^96S) may be criticised in that 

only the minimum of two temperatvires were used to compute their 

results, thereby making no allowance for error in observation at 

either temperature. The use of more than two temperatures allows 

for regression analyses of the results to obtain a best fit 

relationship for the data as well as to obtain an estimate of 

error. 

Howe (1967) considers that a minimoffl of ten temperatures 

spaoed ̂ at intervals no greater than 2.5 as well as further 

experiments spaced at 1 to O.5 intervals for about 3 on either 

side of tne optimum and limits of development are needed to determine 

the relationship of temperature and development time. He regards 

this minimum necessary to fit a line by eye without bias. It was 

considered unnecessary to require such fine discrimination in the 

present study. However, regression analysis defines the best line 

of fit for the data as well as an estimate of the accuracy of this 

line (correlation coefficient). 

Kirkpatrick (19^2) reported development times for 

larvae taken from a range of host material and bred under insectary 

conditions without temperature control but did not relate these to 

a Thermal Svimmation situation. Using his data one can calculate a 

Threshold tempeiature of 5'2 and Thermal Summation Constant of 475 

day degrees, from egg to adult emergence. These results suggest the 

material used by Kirkpatrick to be more adapted to a milder climate 

than that of the present material, although the Thermal Summation 

Constant for both materials are identical. Unfortunately, the lack 

of accurate recordings of temperatures would jeopardise a critical 

comparison of the threshold temperature calculated to that of the 

present work. 
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The optimum temperature range of 24 - 27 calculated 

in this study compares favourably with temperatures commonly quoted 

for use in mass rearing techniques of Heliothis under laboratory 

conditions (Callahan I96l, Vanderzant et̂  al. 1961, Burton and Perkins 

1972). 

The bimodal nature of larval emergence histogrgjus has 

been reported on a number of occasions. From work on Triboliî im 

(species unstated), Stanley (194^) reported a bimodal distribution of 

development time at 35 • Howe (19^1), working with Tribelium 

castaneum (Herbst) observed a heterogeneity factor amongst a 

laboratory population of the species* He recognised two strains, each 

with a log. normal emergence curve but differing in that the second 

strain, constituting 20'̂  of the population, had a heavier pupal 

weight. Howe (l957) working with Lasioderma serricorne (Fabricius) 

also reported a bimodal distribution of development time for this 

species. 

In the present study it is suggested that the bimodal 

condition is associated with a proportion of the larval population 

undergoing more moults than normal, 

v) CQUGLUSION: 

Although the problem of identifying the various instars 

has limited this study, the data confirmed that under field conditions 

equivalent to continuous temperature of 21 , samples will be required 

every two days to maximise the likelihood of detecting peak numbers of 

each larval instar in a field population of H. armigera. 

It is apparent from the study that to assess accurately 

the relationship between temperature and development it will be 

necessary to use a wider range of temperatures and to study in more 

detail development at the extreme of the "normal temperature" range. 
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III. DTSTAH DirjLOFKSSn: 

i) INTRODUCTION: 

Before any del̂ ailed study of the dynamics of larval 

populations of H. armigera can be undertaken it is necessary that 

the nature of larval growth be sufficiently well documented. 

Hence, a definition of each of the larval grov/th phases should be 

constructed in order to accurately identify each of these. Owing 

to variation in coloxir, shape and size within each larval instar 

the head capsule width of each larva has to be measured to gauge 

larval size. Kirkpatrick (1961) measured the head capsules of four 

Australian species of Heliothis and described each instar giving the 

range of values of head capsule widths associated with each instar 

for each species. These results indicated a.regular growth pattern 

with no overlap of measiirements from one instar to another. He did, 

however, record that H. armigera and H. punctigera completed 

development in six instars, and that H. assulta and H. Fubrescens 

completed development in only five instars. Later reports (Hardwick 

1965) indicate that larval growth is not as regular as originally 

thought. Hardwick studied twenty two species and sub-species of his 

genus Helicoverpa (Heliothis) and for each species hE recorded 

variation in the number of instars, with the first and ultimate 

instar the same, irrespective of the number of instars as varying 

from five to seven. 

The present study was set up to follow the development 

of groups of larvae under uniform conditions so as to assess the 

details of larval growth and to note any irregularities. Two such 

evaluations were carried out in the laboratory. Series A during 

September 1972 and Series B during 1973. 
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ii) MATERIALS AÎID tT̂ THODS: 

Early in 1972, larvae attacking maize at Wyreema 

were collected and bred through in the laboratory on the artificial 

diet (see Appendix A). After four complete generations on this 

food, eggs were taken for Series A of the present study. Material 

for Series B was taken from larvae also collected at ^reema but 

these were bred for only one generation in the laboratory. 

I^gs less than 24 hours old were collected and 

placed singly into 55 S glass bottles containing 10 ml of 

artificial food. Fifty such eggs were set out at 24 and bred under 

total darkness except during observations. 

'Ba.ch larva was examined daily and the head capsule 

width recorded using a stereo binocular microscope (x3l) fitted with 

a calibrated micrometer eyepiece. The larvae were not anaesthetised 

or handled at any stage of their d.evelopment and were left to pupate 

in the media. Pupae were checked daily for the emergence of adults. 

Rxrther data were obtained from field collections of 

larvae attacking maize to establish the occurrence of the various 

instars in the field. During both the 1972 and 1973 maize seasons 

larvae were preserved in 70^ alcohol solution and transferred to the 

laboratory where the head capsule widths were measured within four 

hours of collection. 

iii) RESULTS; 

The head capsule widths of larvae in Series A and 

Series B are listed in Table III (a). They show considerable 

variation in the number of larval moults. 



TABLE l l l ( g ) HEAD CAPSULE SIZE(mm). DEVELOPMENT TIME 

(days) AND SURVIVAL OF Heliothis armigera AT iC'Z 

DEVELOPMENT 

STAGE 

1 s t instar 

2 nd 

3 rd -; 

t, th '/ 

5 th 

6 th >, 

7 th // 

P r e - Pupa 

Pupa 

Larval Lite 

No. of Pre -
Pupa 

No. of Pupa 

Adults o» 

SERIES A 

Six Instars 

WIDTH 

0 - 2 5 

0 - 4 2 

0-66 

1-07 

1 -7 2 

2 - 6 3 

DURATION 

5-3 

3-8 

3-3 

3-5 

4-6 

8-5 

3 -9 

19-7 

2 9 - 6 - 7-5 

22 

1 8 

9 

6 

Seven Instars 

WIDTH 

0 - 2 5 

0-41 

0-bO 

0-91 

1-27 

1 -78 

2 57 

DURATION 

7- 0 

4-1 

3-8 

4-3 

u-e 

6-0 

8-9 

4 -0 

1 9 - 0 

3 9 - 8 - 1 0-2 

7 

5 

1 

SERIES B 

Five Instars 

WIDTH 

0-23 

0-4 7 

0-8 9 

1 -67 

2 - 6 5 

DURATION 

3-0 

2-1 

2-3 

3-2 

4-3 

3-5 

1 5 -5 

18-8 - 2-8 

iS. 

29 

1 5 

U 

Six Instars 

WIDTH 

0-2 5 

0-4 4 

0 -73 

1-19 

1-82 

2 - 7 2 

DURATIO N 

4-0 

3-0 

2-5 

2-5 

3 -0 

5- 0 

4-0 

1 6-7 

2 4 0 - 3 b 

3 

3 

2 

1 
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In Series A, of the 29 larvae completing development to pre-pupa, 

22 (75•9î ) required six instars, the remainder seven, whereas in 

Series B, 9O.670 completed development in five instars and the 

remainder in six instars. 

The development times associated with each instar 

are also included in Table III (a). In both Series, the larval 

development time differs according to the number of instars, the 

longer development times are largely accounted for by the time taken 

in the extra instar although the development time for particular 

instars with each Series (i.e., first, ultimate instar) is 

generally longer for those undergoing an extra moult. It would 

seem therefore that conditions causing a lengthening of larval 

development time favovir the occurrence of extra moults. 

llithin each series, the durations of the pre-pupal 

or pupal stage are similar and therefore unaffected by the speed 

of larval growth. The difference in pupal development time for 

Series A and B is better attributed to the "vigour" of the material 

used (see Appendix A). 

Because a proportion of the larval populations has 

fewer instars and a shorter development time, it would be expected 

that the distribution of larval development times for the total 

population would be bimodal. The distance between the maxima would 

largely represent the time taken in the extra instar and the 

difference in their size would indicate the relative proportions of 

the variation in the population (see Section II}. 

For larvae developing in six instars there was a 

difference in development time for both Series A (29.6 days) and B 

(24.0 days). 
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Also the standard deviations of the development times (7*5 and 3*6) 

are much greater for Series A than B. The Coefficient of Variation 

for these data (25.3^ for Series A and 15.0,1 for Series B) further 

exemplify the difference between the Series which are attributed to 

the origin of the material used. With continuous breeding on an 

artificial diet the vigovir of the colony declines, and, after four 

generations is marked by increasing larval development times and a 

decline in fertility (see Appendix A ) . In support of this suggestion 

18 the higher mortality recorded for the "older" Series A (Table 

III (a)), which had mortalities of ^Bfo and ^'Jfo associated with its 

pre-pupal and pupal stages respectively whereas there was no 

mortality in Series B. 

Besides the bimodal distribution proposed for total 

larval population development times there is an indication that there 

is a "long tail" associated with the development time distribution for 

the six instar situation in Pig. 3 (a) and the five instar situation 

in Pig. 3 (b). Although not measiired these distributions are 

definitely skewed to the right. 

Despite the variable nature of the number of larval 

moults within each series there is a definite growth pattern 

discej:'iGi;'ble. Regression analysis of the various instars and 

associated head capsule width (log scale) indicate that there is a 

constant regular growth increase associated with each moult. This 

relationship may be qiiantified by the following equations: 

Series A - Y = O.2O4 X + 0.205 (six instars) 

Y = 0.166 X -f 0.268 (seven instars) 

where Y = ̂ °Sio ̂ ^^^ Capsule V/idth (mm) 

X = Instar 
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LARVAL LIFE (days) 

GURE 3(b) HISTOGRAM OF LARVAL DEVELOPMENT 

TIME FOR SERIES B 
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Series B - Y = O.267 X + 0.125 (five instars) 

Y = 0.207 X + 0.221 (six instars) 

where Y ~ ^og ^ Head Capsule /iidth (mm) 

X = Instar 

For each regression the correlation coefficient (r) 

is greater than 0.997• The way in which each situation closely 

follows a regular growth pattern would seem to infer that the nature 

of larval development has been predetermined or established either 

before or early in larval life. The varia,tion in number of moults 

observed does not result from omitted or additional larval instars. 

The relationship of head capsule width and instar has 

indicated a very regular increase in larval size associated with each 

moult. This condition is predictable from empirical lawa and was shown 

by Dyar (1890) to hold true for many Lepidoptera larvae. In the 

present study the incremental growth factor was 1.6 for the six 

instar situation (I.85 for those developing in five instars and I.48 

for those taking seven). 

There is no significant difference between head 

capsule widths for the first and ultimate larval instar of any of the 

observed variations. Neither is there any sug;;̂ -estion of these 

variations being attributable to the sex of the resulting moths. 

The frequency distribution of head capsules of larvae 

collected in the field (Pig. 3 (d)) indicates that there are six 

regular larval instars occurring within natural populations with an 

overlap of the individual instar distributions probably resulting from 

the proportion, in this case small, of the total population vjhich 

undergo five or seven moults. 
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The field collected material originated from a range of sites and the 

same peaks and overlaps were recorded at each site. 

Since the degree of overlap of the distributions 

between particular instars was small it was decided to neglect these 

and clas. ify field collected material generally as having six instars 

with the following ranges associated with each: 

1st - less than 0.35 n™ 

2nd - 0.36 mm to 0.55 f'lin 

3rd - 0.56 mm to O.85 ram 

' 4th - 0.86 mm to 1,55 "™" 

5th - 1.56 mm to 2.35 ™n 

6th - greater tha.n 2.36 mm 

Results for the second, third and fifth instar values 

show a regularity of these ranges in that the upper limit of the 

range for a particular instar is equal to I.5 times the lower limit. 

For the fourth instar hovjever, this ratio is much greater and it is 

v.ithin this range that the presence of the "irregular" instars is 

detected. 

iv) DISCUSSION; 

The variation in numbers of larval instars from five 

to seven observed in Series A and B is consistent with that quoted by 

Hardwick (1965) although he noted this same variation for one series 

of larvae bred on shelled peas at a constant 25 . However, he gave 

no indication of the parentage of his materie.l. For similar 

conditions Hardwick was able to record a wide ran^e of variability for 

each of the known species of Heliothis although he regularly observed 

the five, six and seven instar situations existing for each species 

under the same conditions. 
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r , Kiski (1971), in a consideration of the measurements 

of the head capsule width of Pissoides nitidus Roelofs decided that 

the method of recording head capsule width was unacceptable and that 

the only true indication of larval instar came from a count of the 

moulted head capsules in the larval gallery and pupal cell. For 

Heliothis species this method would prove impractical due to the 

mobility of the larvae. Also, where larvae do remain within restricted 

areas (e.g., maize cobs), the likelihood of finding the cast head 

capsule amongst partly devoured food and faeces is low. 

Early work on H. zea by Quaintance and Brues (l905) 

and on H. obsoleta by Gaines and Campbell (l935) suggested that such 

variability in the niimber of larval instars was related to 

nutritional factors. Larvae of H. zea developed through six instars 

when fed on maize and cot ..on whereas larvae fed on cowpeas required 

only five instars. 

On the other hand, Jones (l936) considered temperature 

as a câ LSal factor to this condition. In support of his theory he 

quotes H. obsoleta as having seven instars in v/inter yet only six 

instars when developing during the warmer summer months. 

Wigglesworth (1965) carried further the ideas of 

Quaintance and Brues (19^5) and Gaines and Campbell (l935) aĴ d 

suggested that inadequate nutrition, resulting in a prolonged larval 

life, may increase the number of insect moults and in fact, moults 

may occur without growth under conditions of poor nutrition. 

This present study indicates that temperature is not as 

important as thought hy Jones (1936) and suggests that the nutritional 

factors of the host material as well as the vigour of the insect under 

study are more important factors determining larval grovrth. 
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Hence, although different larval development patterns have been 

shown to be related to food and temperature, it has also been 

established that the variations in larval growth have been observed 

under constant conditions of food and temperature. 

A laboratory study carried out on a wide range 

of Heliothis species as in the case of Hardwick (1965) using the one 

host material (which probably is not a natural food for many species 

concerned), would therefore be more likely to give an abnormal 

picture of larval growth than would a study carried out using 

natural plant host. 

The mean head capsule widths cited for the larvae 

completing development in six instars of both Series A and B compare 

favourably with those of Hardwick (1965) and Kirkpatrick (1961) 

(See Table 3 (b)) - although the range of head capsule widths quoted 

by Kirkpatrick (1961) infer that,contrary to present study»there was 

no overlap of measurements. 

The "long tail" distributions for development time 

observed in Fig. 3 (a) and Fig. 3 (b) is a situation which has been 

described by several workers for similar measurements with other 

insects (Laughlin, i960; Messenger and Flitters, 195^)* Such a 

distribution confo\mds calculations of the average development time 

for each situation but may be partially overcome by a logarithmic 

transformation of the time scale. Such transformations however, would 

not remove the bimodal nature of distributions as described in Section 

II. 



TABLE lM(b) HEAD CAPSULE MEAS UREMEN T(mm) OF 

H.armigera QUOTED BY VARIOUS AUTHORS 

Instar 1 

2 

3 

U 

5 

6 

7 

A 

0-2 7 

0'A2 

0-69 

1-U 

1-88 

2-7 9 

B 

0-27 

o-i;5 

0-7 3 

1-13 

1-80 

2-7 2 

C 

0-25 

0-^3 

0-7 0 

M 3 

1-77 

2-68 

D 

0-23 

0'/;7 

0-89 

1 -67 

2-65 

E 

0-2 5 

0-A1 

0-60 

0-91 

1 -27 

1 -78 

2-57 

A) Hardwick(1965) B) Kirkpatrick (1961) 

C),D),E) Present work 
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v) CONCLUSION; 

Although there is great variation in the number of 

larval instars between larvae of different parentage it is possible 

to approximately define limits for each of six larval instars which 

appear to be meaningful in the classification of field material. 

The explanation of this v riability of larval growth lies outside 

the bounds of these studies and would necessitate far more detailed 

and critical work to establish the causal factor. 
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IV. MORTALITY IK RklZ:: 

i) INTRODUCTION; 

Many workers (Barber, 1336} Sloan, 1940) have 

reported high mortalities during larval development in maize and 

have attributed this population decline to parasite and disease 

activity and to Heliothis larvae being cannibalistic. The "tight 

husk" varieties of maize which have been grovm in areas of South­

east Q,ueensland in recent years afford protection to the larvae 

from the action of parasites, predators and disease, leaving 

cannibalism as the most likely cause of this population decline. 

The present study was undertaken to quantify the 

population decline for field conditions, using as a basic unit, 

H. armigera population per cob. Associated with the monitoring 

of this decline a study was made of the activity of the various 

causal agents. 

ii) MATJHIALS ANP ICSTHODS; 

Seven plantings of maize (three in l97l/72^ and 

four during 1972/73) were studied and, as concluded on page 25 

samples of fifty infested cobs were taken on three occasions each 

week from the beginning of silking to the completion of larval 

development. On all accasions it was necessary to examine more than 

fifty cobs, with the number of cobs examined being determined by the 

density of the infestation in the sampling area. Partly devoured or 

diseased larvae were not included. The head capsule width of the 

larvae in each cob was recorded and used to identify the larval 

instars, based on results in Section III (page 31 ). 



36 

Plantings at each site were of maize variety XL306 

except site II vrfiich was variety 805 A. Both these lines are 

considered to be "tight husk" varieties and do not differ 

significantly in cob eharacteristics. 

When eggs were present a sample of fifty eggs was 

taken with individual QC!;::s isolated in cells, following a technique 

described by Hoffman et_ al. (l970) for determination of egg 

parasite activity. Samples of twenty larvae were taken on each 

occasion and bred through singly in the laboratory on an artificial 

diet (see Appendix A) to record the incidence of para.sites attacking 

larvae as well as the presence of larval pathogens. All ca.usal agents 

recorded were preserved for subsequent identifications. 

iii) RESULTS; 

The data obtained from each of the seven sites are 

detailed in Appendix B. 

(a) Population Decline 

Since oviposition by H. armigera on maize is restricted 

usually to the shortlived silking stage of plant growth, eg^s and 

larvae^within each site have been considered as belonging to one 

cohort. Within.limits therefore, there was a preponderance of one 

stage of development present at any particular time. Hence all 

analyses, discussions and computations have been developed using the 

instars as definite age intervals. 

Because of the normal variation in the time taken to 

complete a particular development stage, it is usual to find a 

situation where more than one development stage nught be present 

within one cob at any sampling time. 
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Since all larvae had an opportunity to interact and were subjected 

to the same conditions the stages found in each cob were all 

regarded as being that of the largest instar present. 

The population declines, calculated on a per cob 

basis, are presented in Fl̂ i-̂ res 4 (a) to 4 (g) inclusive, for 

observations made at Sites I to YII respectively. 

In general, population decline for each site follows 

aui exponential curve with the initial rate of decline increasing 

with increasing initial egg population. In the case of site I 

(Fig. 4 (a)), where the egg density was comparatively low, the 

overall reduction in population was extremely low. For all sites 

however, irrespective of the initial egg density, the population of 

sixth (fina]) instar was consistently reduced to unity. Since only 

those cobs containing larvae were used as samples it would be 

impossible to reduce the population beyond this point. 

The collection data for all seven sites have been 

summed and presented in Table IV (a). They demonstrated the general 

decline in larval density per cob as the size of the larvae increase 

It is significant that in only 4-f^ of cobs were there more than one 

final instar larva. 

Using the data in Figures 4 i^) to 4 (g) the density 

of each development stage at each site hâ ^̂  been converted to 

logarithms and the differences between the log. values for two 

successive development stages have been designated as "k" which 

represents the mortality associated with these two stages, "k" is 

the mortality operating between eggs and first instar larvae whereas 

"k^" signifies the difference between fifth and final instar larval 

populations. 
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TABLE IMia] SUMMARY OF DISTRIBUTION OF LARVAL DENSITY 
AT ALL SITES 

No. per 

Cob 

1 
2 

3 
4 

5 
6 

7 

10 
11 

12 
13 

14 
15 

16 
17 

15 
19 

20 
21 

22 
23 

24 
25 

26 
27 

28 
29 

30 
31 

32 
33 

34 
35 

36 
37 

38 
39 

40 
41 

42 
43 

44 
45 

4 6 
47 

TOTAL NO.COEB 

No. cobs in which Largest stage was that indicated 

Eggs 

285 

1 51 
1 1 7 

93 
55 
46 
51 
41 
31 
31 
16 
27 
1 6 

1 6 

1 0 

7 
1 0 

7 
7 

10 
6 
9 
2 
2 
8 

2 
6 
1 
1 
7 
-
1 
1 
— 
5 
-
2 
-
1 
1 
— 
— 
_ 
-
2 
— 
1 

1 0 8 5 

1st 

1 4 4 

48 
1 3 

e 
10 

7 
6 
2 
1 
-
3 
3 
— 
3 
1 
— 
1 
2 
1 
2 
2 
~ 
_ 
— 
_ 
1 

25 % 

2nd 

258 

62 
25 
15 
6 
7 
1 
2 
2 
2 
1 
1 
2 
-
1 
-
-
— 
-
-
-
1 

389 

3rd 

459 

90 
38 
2 0 

8 
8 
2 
1 
-
-
-
1 

62 7 

4th 

616 

108 
33 
12 

3 

2 

774 

5th 

681 

75 
17 

2 
1 

776 

6th 

682 

27 
2 

711 
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Tht total mortality "K" operatin- between eirv,̂  and final instar 

larvae is equivalent to the sum of these iixclividual "k"s. 
i=6 

i.e., K = ^ > k̂  

i=1 

The relationship between ê ;̂̂• density and the 

subsequent total mortality "K" is illustrated in Figure 4 (h) and 

may be represented by the following equation: 

K = O.984E - 0.007 (r^ .9979) 

where K = Total Mortality 

E = log-]o ̂ S Density 

The unity slope of this line (O.984) emphasises the 

closely balanced relationship betvjeen tote,l mortality and ê;,-

density. The action of K operating as a. result of the initial egg 

density is a truly density dependmt relationship, operating to 

control the Heliothis population in maize. 

(b) Key Factors 

Although the observations at each site do not cover a 

complete life cycle and hence fail to recognise any relation between 

subsequent generations, an attempt has been made to define the 

developmental stages at which mortality factors operate most 

effectively. This has been done hy establishing which "k" value is 

most closely related to Total Mortality "E". Results for these 

analyses are presented in Table IV (b). From these analyses, k , k-

and k are considered the more important mortality factors contributing 

to K. 
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TABLE IV(b) CORRELATION DATA FOR INDIVIDUAL 

^ k ' V A L U E S AND TOTAL M O R T A L I T Y ' K " 

r^ 

b 

a 

^ k " Values 

k i 

0-2323 

0-3210 

0-06 80 

k2 

0-6043 

0*4414 

0-1345 

ks 

0-0115 

0-0279 

0-0650 

k . 

0-5543 

0-1595 

0-0600 

K B 

0-2358 

0-0488 

0-0227 

Ke 

0-O003 

0-0012 

0-03 89 

r = Corre lat ion Coeff ic ient b-Regresston Coefficient (Slope) 
a =Y in tercept of regression Line when k = 0 
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It is significant that the values of the regression coefficients 

for k and kp together amount to approximately three quarters of 

Total Mortality K. Although not evident from these calculations, 

it was expected that, in view of the exponential natvire of the 

population graphs, the significance of k , would have been greater. 

The density dependence of the key factors has been 

analysed by relating them to the log. of the population density 

before they acted (i.e., log. P and k ). These results are set 

out in Table IV (c). However, since there is no independence between 

these two values (k =log. P--log. P̂ )i these analyses may be biased. 

For this reason the relationship between successive 

populations (P.. . and P„) were calculated and results tabulated 
^ N-l N' 

in Table IV (d). Any significsmt difference between the Regression 

Coefficient for each factor and unity was taken as an indication of 

density dependence. This follows the method as set out by 

Southwood (1968). From these analyses, the role of k and k as the 

key factors is shown to operate as undercompensating direct density 

dependent factors. 

The time interval for each stage of development is 

set out in Table V (a) and for the purpose of these discussions is 

regarded as being similar for all stages. In the event of one stage 

having a longer duration than others the values of k associated with 

these stages would have to be compared with respect to the time over 

which they operated. Since it is assumed that the duration of each 

development stage is constant, no such considerations have been made. 



TABLE IV(c) CORRELATION DATA FOR INDIVIDUAL 

*k'VALUES AND LOG,o POPULATION DENSITY AT 

START OF EACH AGE INTERVAL. 

r2 

b 

a 

k Values 

Ki 

0-2310 

0-3153 

0-0602 

^ 2 

0-8290 

0-5694 

-00701 

K3 

0-5572 

0-42 73 

-0-0171 

K4 

0-8465 

0-6285 

-0-0540 

K5 

0-5570 

0-5229 

0-0040 

Ke 

0-1990 

0-41 0 4 

0-0290 

r = Correlation Coefficient b= Regression Coefficient 

a = Y intercept of regression line when k = 0 



TABLE IV (d) REGRESSION DATA FOR ANALYSES OF 

POPULATIONS OF TWO SUCCESSIVE 

STAGES. 

For t h e r eg ress i on Log N (X) aga ins t Log N+l (Y) 

2 - t 3 — 2 4 - 3 5 - ; 6 - 5 7 - 6 

r̂  

b 

a 

0-5464 

0-8123 

0-3^13 

0-7 34 9 

1-7068 

-0-0154 

0-6933 

1-2106 

0-0 503 

0-6585 

1 -7725 

-0-0^23 

0-5114 

1-0720 

0-0505 

0-4 3 96 

1-2983 

0-C344 

For the 

b 

a 

regression LogN4-1(X) against Log 
1 - 2 2 - 3 3 - 4 4 - 5 

0-6727 

-0-0454 

0-4305 

0-0701 

0-5727 

0-0191 

0-3715 

0-0540 

N fY) 
5-6 

0-4771 

0-0040 

6-7 

0-3392 

-0-0018 

r =Coefticient of Determination , b= Regression Coefficient 

a= Y intercept when X = 0 



TABLE V(a) FIELD OBSERVATIONS OF DEVELOPMENT 
~ TIME(days) FOR Heliothis armigera 

Eggs 

1st 

2nd 

3rd 

4 th 

5 th 

Total 

Temperatora 

Site No. 

1 

5-9 

4-4 

3-5 

2-9 

2-7 

5-2 

2 4-6 

1fi-3'C 

II 

4^8 

4 0 

1 -5 

4-5 

4-8 

4-9 

24-5 

19-4'C 

III 

4-9 

3-2 

6-6 

2-0 

3-9 

3-3 

23-9 

187 'C 
i 

VI 

3-4 

4-8 

5-0 

5-0 

2-6 

2 0 

22-8 

2 0-6'C 
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(c) Mortality Agents 

Samples of eĝ ŝ and larvae, taken on each sampling 

date, failed to establish the activity of either parasites or 

diseases operating against any stage of development during either 

the 1971-72 or 1972-73 seasons. During 1971-72 however, at sites I 

and II, 4»2)fa and 4»1/0 respectively of egjs sampled failed to hatch. 

Examination of the unhatched material showed that these eggs were 

fertile but they were damaged when collected. The majority of larval 

parasites which have been observed from the south-eastern Queensland 

area have been noted by Sloan (194O) as emerging from the host duriig 

the prepupal and pupal stage and as such would not be regarded as a 

causal factor in relation to the decline in the larval population 

per cob. 

Since no significant decrease in populations may be 

attributed to either parasites (against egg and larva) or diseases, 

it remains that the observed decline in population is a result of 

climatic factors, predators or cannibalism between larvae and of eggs 

by larvae. Of these three possibilities neither climate nor predators 

were monitored. Apart from the occasional Arachnid, no recognised 

predators of Lepi^'Opterous larvae were collected or observed in the 

sample areas. 

It is considered that, in view of the cannibalistic 

habits of H. armigera cited elsewhere, (see page 15 ) the 

population decline as monitored is a result of cannibalism between 

larvae and of larvae devouring mihatched eg^s. 
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The mortality factor "k-", regarded in this present study as being 

one of the major key factors associated with population decline, is 

that operating between first and second instar populations, a 

condition which operates most frequently at the throat of the cob. 

This area is a relatively constricted one and represents the point 

through which all newly emerged larvae pass to enter the cob and 

begin feeding on the developing grain. The opportunity for larvae 

to come in contact with each other and thereby encourage conflict 

between individuals is greater at this point than at any other point 

within the cob. 

(d) Prediction of Density Levels Per Cob 

Since the total mortality K from egg to final instar 

is equivalent to the sum of the individual mortalities associated 

with each stage of development, the sum of regression coefficients 

in Table IV (b) approximates to unity. 

Table IV (b) sets out the relationship between the 

value of total mortality (in this case the logarithmic value of the 

number of eggs per cob since the density of final instars is unity) 

and the individual mortalities operating between successive 

development stages. 

The slope of these regression lines then indicates 

the proportion of the egg population which is removed after that 

mortality factor has operated. Hence of 10 eggs found on a cob 

(lO-(0.32x10)) = 6.8 will survive to first instar and, of these (6.8-

(0.44^10)) = 3.4 will survive to second instar and continue to 

reduce through remaining instars. Density of the final instar is 

unity. 



42 

Prom these regres.ion coefficients it is therefore 

possible to construct an equation to describe the decline in density 

of instars per cob:-

log. Y^ = log. 3 (l-X.) 

where Y. t= number of stage i per cob 

B = number of eggs per cob 

a = 1 
X. 
1 

where b^ 

"s 

3̂ 

"4 

5̂ 

=̂6 

" 

sc 

= 

s 

= 

<s 

= 

a e i 4 

0.3210 

0.4414 

0.0279 

0.1595 

0.0488 

0.0012 

i •^ I 

I^om these equations the population decline associated 

with initial egg density has been calculated and presented on page 68. 

A Chi Squared analysis to test the suitability of this equation is 

set out in Appendix C (see page 68). This test shows a good fit of the 

data to this equation. However, such a situation was to be expected 

since the observed population decline data was used to calculate the 

regression coefficients used in the equation being tested. 

A predictive equation as is discussed above must be 

regarded as a function of a particular variety of maize. Although 

breeding of hybrid maize varieties now tends to favovir the "tight 

husked" varieties and all such varieties would be relatively well 

covered by the above equation, any variation in cob characteristics 

from those of the variety used here would tend to alter the value of 

the regression coefficients calculated from analyses of results for 

each k value and total mortality K. 
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iv) DISCUSSION; 

(a) Methods 

The study of insect populations and the quantification 

of results in terms of life tables and subsequent mortality analyses 

has been used in ecological studies since the I940's when Richards 

(1940) and Deevey (l947) focused attention on these methods. 

Southwood (1968) has reviewed the methods of quantifying population 

dynamics and then recognises three main methods of relating population 

trends to mortality agents. They all relate variation in population 

numbers to the activity of mortality factors. Southwood U968) 

emphasises that the methods in no way prove a causal relationship 

and illustrates this point by citing work by Varley (l963). 

The first method was proposed by Watt (1961) in which 

he expresses graphically, and then mathematically, the magnitude of 

the various factors ,ath the population survival in particular stages 

of development. Watt (1961) set out to describe the survival of each 

development stage as a function of factors most likely to have caused 

mortality at these stages. The appropriate function was calculated 

and its suitability tested by comparing calculated and observed 

results. Further variables were added to the function in order to 

explain as much of the observed results as possible. Morris' (l959) 

approach is a little less mathematical and involves sampling a 

particular stage of development for successive generations and at the 

same time monitoring the likely limiting factors. Morris regards 

populations as being regulated by several key factors and his approach 

is designed to formulate predictive equations describing population 

trends. 
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The last method, developed by Varley and Gradwell 

(i960) is the easiest to use but rdies heavily on mathematical 

correlations as well as sampling each age interval within the life 

cycle over a number of successive generations. JFlrom these results 

the age interval at which key factors operate is easily 

distinguished and natality between successive generations is 

measured. It is then posjible to assess the way in which the key 

factors operate in controlling popula^tions. Southwood (1968) 

presents further extensions to the method of Varley and Gradwell 

(i960) which covers situations where only incomplete life tables may 

be produced for successive generations, 

Yiy results have been analysed using a system similar 

to that of Varley and Gradwell (196O) since the purpose of the 

study was to follow population decline from eg^ to final instar and 

relate this decline to the activity of "key factors". Since the 

agronomics of the crop do not allow for successive generations on the 

one plant, assessments of population trends from generation to 

generation were not needed. The value referred to in the present 

calculations as Total Mortality (K) does not then represent 

mortality v/ithin one complete life cycle but rather the mortality 

operating from egg to final instar. 

lilrom analysis of the data along these lines it is 

obvious that mortality due to cannibalism operating within the larval 

stages represents a major regulating factor in the development of 

populations of H, armigera within maize crops under a monocultiire 

regime. The present analyses also indicate that the expression of 

this factor is related to initial egg density and hence is a density 

dependent factor. 
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The role of density dependent factors has been 

disputed by several workers such as Andrewartha and Birch (l954i 

i960) and Andrewartha (1961) vjho regard the control of populations 

to be a result of the activity of physical factors such as 

inaccessibility to material resourees. The work by Andrev/artha 

(1939) on Austroicetes cruciata (Saussure) and by Andrewartha and 

Birch (1954) on Thrips imaginis Bagnall confirm their theories. 

However, Smith (1961) concluded that from correlation methods of 

data for JT. imaginis there was a strong "inverse correlation between 

population change and population size" hence signifying that density 

dependence could also be inferred from the data. 

Nicholson (l957) has rejected tue theory of 

Andrewartha and Birch (l954) and developed further the ideas of 

Howard and Fiske (l9ll) and recognised a number of environmental 

elements as being necessary for population growth and control. He 

considers these elements to operate as density governing (i.e., density 

dependent) or non-reactive (density independent) and as such accepts 

a population as being a self regulating system within the ecosystem. 

Further to these two theories Milne (l957} 1962) 

synthesised yet another theory incorporating the value of both these 

previous two theories and suggested that control of a population is 

due to a "combined action of density independent and imperfectly 

density dependent" factors and in cases where the combined, action of 

these two factors fails, any population increase is prevented by 

competition betwe-n individuals, a situation which hâ s been 

experienced by the present study. 
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IVhen considering all these theories Clark et_ al. 

(1967) regarded them as different ways of regarding and evaluating 

the same things, conditioned by personal experience aad preference, 

but overall they favour that of Ficholson (1957) as the most 

"comprehensive and penetratirig". 

(b) Cannibali sm 

The importance of cannibalism as a ponul-ition 

governing factor has b -en documented by many ::orkers (i3.arber, 1936, 

Sloan, 1940, Hardwick, 1965)* However, none of them report a 

population decline as IOTV as one final instar per cob. Wiseman 

et al. (1969) reported that when three species of maize pest (H. zea, 

H. virescens, and Spodoptera frugiperda (Smith) are placed together 

in a maize cob, only one larva of H. zea survived per cob and 

concluded that the corn earworm was obviously the "most cannibalistic" 

of the three species. Further, Blanchard and Douglas (l953) also 

reported can libalistic habits as an important factor in helping to 

reduce damage to corn, and report that when large numbers of HiSliothis 

are present in cobs, less dama-ge is done since more time is spent by 

the larvae in conflict with each other and hence devouring each 

other. Barber (l9^)j altljoû h only recording population decline to 

2.2 larvae per cob from sampling in the field, did recognise that, 

for populations of larvae in salve box^s fed on doujh stage corn 

kernels (a condition he recognised as providing conditions as close as 

possible to those in the field) in no case was tliere more than one 

larva completing development in each box, even with initial 

populations as high as fifty first instar larvae. Barber (1936) 

also recognised the need to breed plant types with a well developed 

husk to promote the activity of cannibalism amongst larvâ e. 
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Widstrom et al. (l970) further confirmed this by shouing that, after 

an extensive study of 36 inbred lines, the mechanical protection of 

tight husks reduced damage considerably. 

(c) Other Mortality B^ctors 

The incidence of parasites of both the egg and larval 

stage appears to vary from area to area and season to season, librk 

by Twine (l973) establishing the incidence of parasites of Heliothis 

spp. in South-east Queensland at the time these present studies were 

carried out, failed to find any evidence of egg parasites operating 

in samples of eg^s from maize silks, and reported an overall 

parasitism rate of 8.0,̂.* Sloan (l940), on the other hand, reported a 

higher degree of parasitism in Central Queensland but also concluded 

that the incidence of these parasites varies a great deal. 

Overseas data by Oatman (1966) also confirm this 

variability although, for their samples from maize silks in Southern 

California, the parasitism rate was a£ high as 3Qfo over a three year 

period. 

Prom the t emperature data recorded at some sites 

(l, II, III and Vl) and the results established in Section II it has 

been assumed that the mortality associated with temperature was 

negligible. Although very little work ha,s been carried out on the 

influence of climatic factors, the results of Bertels (l970) 

indicate that humidity at least plays a very minor part in population 

control. 

v) DONCLUSION; 

The dynamics of a larval population of H. armigera has 

been quantified in terms of the decline in larval numbers per cob, 

associated with larval growth. 
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Although a wide range of initial egg densities on the cobs vjas 

examined, it was significant that the density of final instar larvae 

per infested cob was consistently reduced to unity, thereby 

emphasising- the density dependent nature of the larval mortality 

factors operating. The activity of parasites and diseases was 

monitored but tli; Ss failed to adequately explain the observed decline 

in population density. Predators and climatic factors, although not 

accurately monitored and assessed, were considered insufficient to 

have caused the larval population decline. 

Th- mortality associated with intraspecific competition 

of developing larvae was considered to be the main causal factor 

operating and, in particular, the mortality observed between the 

first and second instar. The cannibalism amongst developing larvae 

was considered as operating at all instars as well as by first instar 

larvae on eggs. 

As a result of these conclusions it would seem there is 

a need for further field assessments of the extent of cannibalism 

amongst H. armigera larvae in other susceptible economically important 

crops where recognition of this natural controlling condition may be 

sufficient to exclude the need for use of any of the artificial control 

agents. 

This would be particularly true of sorghum where the 

demand for a "closed head" line is increasing. These plants provide a 

restricted area in which intraspecific competition would be pronounced 

with high egg numbers laid on the head. 

Also of importance in some crop situations would be an 

assessment of Heliothis spp. populations in conjvmction with other pest 

species in order to describe the possible existence of interspecific 

competition by Heliothis spp. la.rvae. 
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V. JSV3LQPK3r!T UHDIS JILLD C0IDITI0N3 

i) ICTRQDUCTION; 

An account of the relationship between rate of 

development of the le.rval stage of H. armigera and temperature was 

developed in Section II. The calculations involved in this work were 

based on development under controlled conditions of constant 

temperature. 

From the data collected in Section IV and from 

meas\irements of temperature at the Sites examined it was possible to 

evaluate the development of successive instars, the time taken for 

their development and hence the relationship between this rate of 

developm-nt and observed temperature. 

Temperatures were recorded at four sites only (Sites 

I, II, III and Vl) with a Casella Thermohydrograph in a 

meteorological screen box one metre above ground level in the vicinity 

of the sampling area. For each day, 24 hourly temperatures were 

averaged to calculate the mean daily temperatiore. 

ii) R:J3ULT;3; 

Since the population being sampled on each occasion 

could be regarded as a single cohort it was possible to estimate the 

time taken for each development stage. The dynamics of the 

development of population of the various stages of development are 

presented in Figure 5 (i) "̂o 5 (iv) inclusive for Sites I, II, III 

and VI respectively with the populations illustrated being determined 

from examinations of fifty infested cobs, liihen fewer than fifty 

infested cobs were examined the populations were adjusted accordingly. 
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For each development stage the mean time taken for 

the appearance of all individuals was calculated with the difference 

between tliis value for two successive stages representing tue 

development time of the earlier stage. The results of calculations 

have been listed in Tables V (a). 

Summa.tion of development times of particular stages 

over all four sites indicate that, while varying greatly from site to 

site, the duration of each of the first five instars is comparable 

to one another and that the eg^ stage is slightly in excess of that 

of the larval instars. Recording of the prepupal or pupal stage of 

development was not made and hence no evaluation of the duration of 

the final (sixth) instar was possible. 

The calculated average for the diiration of the egg 

stage could be slightly lower than expected since in most cases the 

sampling of cobs was not commenced until almost peak of oviposition 

activity and the calculated mean time taken for the appearance of 

eggs would be higher than if the eggs laid prior to the commencement 

of sampling were included. 

By applying the principle of the Thermal Summation 

Constant as outlined in Section II for results of development time 

from egg to fifth instar in relation to the screen box temperatiires, 

the relationship may be expressed by the following equation 

Y = 0.00124 X -I- 0.0179 (r = .8593) 

where Y = Reciprocal.of Development time in days 

T = Temperature ( C) 

r = Regression Coefficient 



51 

Such an equation, based on results at four temperatures 

only, evaluates the Threshold Temperatvire at 14.4 and a Thermal 

Summation Constant of 8O6.4 day degrees from egg to fifth instar. 

These results are inconsistent with data presented in Section II and 

indicate general inconformity with the Thermal Summation Principle 

under the conditions of the study. 

iii) DISCUSSION; 

Examination of the temperatures recorded at each of 

the four sites indicates that screen box temperatures regularly 

approached the Threshold temperature of approximately 10 , as 

calculated on page 20, each evening. In view of the fact that the 

principle of Thermal Summation, as described by Wigglesworth 

(1965) holds only over the "normal" range of temperatures, a 

discrepancy of this nat\ire would be anticipated. 

The principle assumes that the effect of temperature 

on growth is the same at all stages of the developmental process and 

where this is not the case, particularly at the extremes of the 

temperature range, it is only possible to apply the thermal 

summation procedure when the effect of temperature has been evaluated 

over the entire temperature range. 

The slope of the regression line relating temperature 

to the speed of development was expected by Wigglesworth (19^5) "to 

become less steep as it approaches the lower temperatures so that the 

calculated threshold temperature is act in fact the true threshold of 

development. 

Another factor to be considered in the comparison of 

laboratory and field collected results is the effect of alternating 

temperatures on growth rate. 



52 

Parker (l930) v̂ hilst observing temperatvire effects on l»1elanoplus 

atlanis concluded that the alternation of temperature seemed to 

stimulate development when compared to development times under 

continuously hot conditions. 

Howe (1967) criticised the study of the effect of 

temperatures on growth rate where fevjer than ten temperatxires were 

involved. >/hile the practicality of this suggestion for field 

observations is questionable, the varia,bility of results of the 

present study indicates that fur't})er dataare required for an acciorate 

assessment of temperature effects in the field.. 
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VI. QMBRAL DISCUSSION 

The use of life tables to describe the dynamics of , 

an insect population is an extension of a technique used by 

actuaries in following the life expectancy of human beings 

(southwood 1968). Basically they are intended to define the number 

of individuals entering particular age clashes within the 

population and froir. an analysis of these data, to establish the 

stage of groiA,fth at which mortality factors are most likely to cause 

reduction in the population, and finally to describe the nature of 

the mortality factor involved. 

Pest control research is now centering around these 

ecological studies whereby the dynamics of the natural insect 

population is defined in terms of a life table and the nature of 

the natural mortality factors operating is studied to ascertain 

their usefulness in terms of a practical method of pest control. 

Life tables are highly desirable for important 

economic pests, where resources are available to permit the 

construction of an adequate series of them. The age specific data 

accrued in this way include the effects of both the key variables and 

other variables and are ideal for use in pest population management. 

The present study was set up vdth this goal in view. 

However, before such a life table could be formulated to provide the 

detail required, several unknown aspects of the pest species had to 

be ascertained. 

The first of these was the study of the larval grovrth 

patterns of H. armigera. This v;as necessr̂ ry to define the various 

instars so that the role of mortality factors could be calculated in 

terms of the population decline between successive instars. 
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Histograms drawn from the field collected material (Fig. 3 (d)) 

indicated that the distinction of instars on the basis of head 

capsule width measurements was not reliable since there was an 

overlap of distributions of head capsule width measurements for 

successive instars. 

Two series of examinations of individual larvae 

throughout larval life were made using laboratory bred larvae. 

These studies confirmed that the number of larval instars was not 

consistent, even under similar conditions of food and temperature, 

and varied between five and seven. This variability confirmed that 

documented by Hardwick (19^5) although the proportions of the 

population studied by Hardwick which developed through the various 

nvimber of instars, differed from those of the present work. This 

was attributed to the different food sources used in the two 

studies. It was also suggested that the viability of the material 

used in terms of the breeding of the parent stock was different for 

the two cases and, as such, may be responsible for these 

discrepancies. For the purpose of identification of field collected 

larvae, larval growth was considered to be defined by six larval 

instars only and no allowance made for the discrepancies observed. 

The causal nature of the observed variability of the 

the number of instars was not investigated although, as previously 

discussed, the variation existed even xmder controlled conditions 

of food and temperature. 

Tlie second study vmdertaken was to investigate the 

reaction of larval growth to field temperatures. This was necessary 

to evaluate the life expectancy of the various instars so that a 

sampling programme could be planned which adequately detected the 

various instars as they developed. 
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The Principle of Thermal Summation (viigglesworth 1965) was applied 

to larval development times observed at four temperatures within the 

"normal range". Because of the variability of the number of instars 

previously noted, no assessment of the development times for 

particular instars was made, but rather it was assumed that it was 

equal for all instars. This assumption was later shovm to be valid, 

based on results of development times noted under field conditions. 

The ThresiiOld Temperature calculated for the larval 

stage was 10.7 . Examination of the temperatures recorded in 

meteorological screen boxes at Sites I, II, III and VI showed that 

the evening temperat;ires at each of these Sites regularly approached 

the Threshold Temperature. Since the Thermal Summation Principle 

only holds within the "normal range" of temperatures, as temperatures 

approached the threshold temperature it was expected that 

development times would be longer than those predicted by the 

Summation formula. Analysis of data collected from field observations 

confirmed this difference. 

Due to the variability of success of breeding of 

larvae of Heliothis spp. under laboratory conditions, a tecbjiique of 

breeding using an artificial diet and reqij.iring a minimum of 

handling was developed. The artificial diet proved sufficient for 

short tam use but had obvious deficiencies when used on a long term 

basis. 

On the basis of results obtained with the various 

laboratory studies, a sampling programme was set up vdiereby fifty 

infested cobs were examined on each of three occasions each week and 

the head capsule measurements of larvae foiuad within each cob was 

used to define its instar. From these data the decline in population 

density per cob was detailed. 
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Although the larvae present within one planting were considered 

as belonging to a single cohort, it was common for a number of 

larval instars to be present within one cob. To overcome this 

situation, the stage of development of the whole population within 

a cob was regarded as belonging to that of the largest instar 

present. 

The results of populâ tion decline were analysed 

along similar lines to those of Vê rley and Gradwell (i960) a,lthough 

the Total Mortality (K) referred to by these authors as the 

mortality between two aaccessive generations has been taken as the 

mortality operating between the egg and the sixth instar of one 

generation, and k values representing the mortality operating 

between two successive instars. 

The regression analyses carried out on the data 

collected from seven sampling sites indicate the importance of 

k,, k_ and k. as the main factors contributing to the overall 
1' 2 4 

mortality measvired, and of these three factors, k , and k_ account 

for 767̂  of the Total Mortality (K). 

The most significant result from the study was the 

role of total larval mortality in terms of the initial egg density. 

At each of the seven sites, irrespective of the initial cg^ density, 

the population of final instar larvae in infested cobs was consis­

tently reduced to unity. 

The significance of the density dependence of larval 

mortality as a controlling influence on population dynamics was 

exemplified by the regression coefficient (b=0.9839) and correlation 

coefficient (r=0.9989) from regression analyses between total larval 

mortality (ic) and eg^ density (log. scale). 



57 

During the course of sampling at each site, eggs and 

larval samples were returned to the laboratory for assessment of 

the incidence of egg and larval parasites and disease. Such 

samplings failed to explain the observed population decline and it 

was proposed that the causal factor related to k and k_ was 

cannibalism, particularly of newly hatched larvae on eggs and between 

the early larval instars as they move from the silks into the 

developing cob. 

Cannibalism has frequently been observed in insect 

species, especially at time of overcrowding or when food is in short 

supply. Cannibalism also commonly occurs when individuals suffer 

accidental injury or when they are temporarily incapacitated during 

moulting. Barber (l936) observed and described the method of 

attack and subsequent consumption associated with cannibalism of 

H. zea larvae. Two other of the best known insects in which 

cannibalism occurs are the flour beetle Tribelium confusum (Chapman 

1928) and the Codling moth (Ceier 19^3). 

From results detailed in Table IV (b), the regression 

coefficient for a regression of individual k and total K 

represents the proportion of K attributable to each k. It was 

therefore possible to quantitatively define the decline in 

population within a cob from egg to fina.l instar in the form of an 

equation in terms of the initial egg density and the calculated 

values of the regression coefficient. Such an equation then allows 

the prediction of the densities of the various instars, and, in 

conjunction with food intake studies would allow for assessment of 

theoretical food intake calculations prior to pupation and the 

likelihood of a population posing an economic threat. 
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It has become apparent during the study tliat the 

role of larval mortality of H. armigera in maize represents the 

major population controlling factor operating, with the incidence 

of disease and parasites insufficient to significantly reduce a 

population of larvae. Although the size of moth populations may 

vary from season to season, it does not necessarily follow that 

la,rval populations in excess of one larva per infested cob will 

result. The cannibalistic habit of the developing larvae and the 

confined ecological niche where development occurs favour a 

natural controlling factor to operate and act as a regulatory agent 

of an othervdse intense larval popul^^tion. 

Although the extent of pop lation d.ecline possibly 

attributable to H. armigera is expected to be greater in maize than 

in many other crops, it must be assumed that its magnitude inay 

still be significant in situations where high larval numbers caji be 

expected within relatively restricted areas of plant. One crop in 

which this would be assumed to exist is in sorghum where, once 

again, relatively high numbers of early instar larvae can be observed 

but, particularly with the "tight head" characteristic observed vdth 

many hybrid varieties, the final instar popul 'tion is often 

economically insignificant. In lucerne and similar crops which 

afford a large leaf area per la.rva ratio, the likelihood of conflict 

betxi/een two larvae is reduced as would be the possible decline in 

larval population attributable to this cause. 

Like all attempts to explain the abundajace of insect 

species, the present study is far from complete and some of the 

conclusions drawn will doubtlessly require modification in the light 

of further investigation. 
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r..rr .:ii.'.L}lA a 

TH3 METHOD OF R̂ AIilNGf H. •'ifll-aGailA IN TH3 LABORATORY 

As has been the experience of a nvunber of workers 

(Wate s, 1943; Ccillahan, 1962; and Cullen 19^9) attempts to rear 

large numbers of Heliothis sp. under laboratory conditions have 

resulted in varying degrees of success. For the present work, 

early attempts at rearing presented considerable difficulty and a 

number of tec'̂ niques were test .id in an attempt to devise a method 

to provide the required number of individuals for the minimum of 

effort. 

The feeding of lajrvae on natural foods, while 

simulating natural conditions, is a laborious task necessitating 

the provision of fresh food (usually French Beans) on a daily 

routine and in doing tlds the likelihood of inflicting damage or 

contamina,tion is increased. For small numbers of larvae however, 

this m.ethod proved satisfactory. 

To overcome the rer.iuirement of periodic handling of 

larvae and food the use of artificial diets was attempted. Although 

some methods are time consuming in preparation, the time saved by 

handling larvae only once more than compensated. The artificial 

diet used for the present work was one based on Navy Beans, the 

contents of which are listed in Appendix Table A (i). Navy Beans 

were soaked overnight, drained and weighed prior to use. 

Using a commercial Waring blender all A ingredients 

were thoroughly blended into a smooth thin paste. The agar is 

dissolved in boiling water and then both A and B ingredients 

thoroughly mixed and allowed to s and at 60 until required for 

dispensing. 



APPENDIX TABLE A f i ) GDNTFNTq 

A. 

B. 

INGREDIENTS 

Soaked Navy Beans 
Dried Yeast 
Wheat Germ 
t-Ascorbic Acid 
Nipagin 
Sorbic Acid 
Formaldehyde (10%) 
Corn Oil 
Water 

INGREDIENTS 

Agar 
Water 

OF ARTIFICIAL DIET 

23A gms. 
35 gms. 
50 gms. 
3'5gms. 
2"2gms. 
1' lgms. 
8-8 mis. 
2 mis. 

AOO mis 

1 ^ gms. 
^00 mis. 



APPENDIX TABLE A (ii) PHYSICAL PROPERTIES OF DIET 

% Protein (Dry 

% D r y Matter 

pH 

Me l t ing Point 

Wt B asis ) 2^-3 % 

1 6 - 8 % 

5-3 

SS^C 



n 

air 

JL_i L 

^ 

APPENDIX FIGURE A( i ) DFAGRAM OF DISPENSING 

APPARATUS 

a).pressure vessel b). two-way valve 
c).graduated syringe dj.vial 
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The thermal instability of several vitamins in ihe mixture prevents 

the storage of this hot mixtvire and does not allow ft to solidify 

and be subsequently melted (94 ) when required. Some physical properties 

of the diet are listed in Appendix Table A (ii). 

The liquid is held in a modified pressure cooker 

similar to that used by Burton et_ al. (l966) immersed in a water 

bath and dispensed under pressure through an automatic media 

dispenser as illustrated in Appendix Figure A (i). Dispensed media 

was stored under refrigeration (5 )• 

For most work glass vials were used to contain the 

larvae and media and when required for breeding the bottles were not 

handled until after moth emergence. 

An important phase in the entire process is clean­

liness. The use of antibiotics should be avoided and any source 

of contamination (particularly of wilt virus) should be traced and 

eliminated by exclusion, disinfestation or sterilisation. For the 

work described here only the rearing containers were autoclaved 

(lOOk Pa. for 20 minutes). However, when field collected material 

was returned to the laboratory for further study, a high degree of 

hygiene was required to eliminate the introduction of diseases. 

Eggs may be surface sterilized by washing them in a 

0.2^ Sodium hypochlorite solution for 5-7 minutes (or O.O5 M 

Potassium hydroxide - McMillian and Wiseman 1972) and then 

thoroughly washed with distilled water and dried. Timing is critical. 

A marked reduction in es:£ fertility is produced by excessive expcsxire 

to the sterilising solution. 



APPENDIX FIGURE A(i i) OVIPOSITION CAGE 

a) glass sheet b) paper ro l l 

c) perspex cover 
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Gannil.alism (oarber 1936*J Patel 1965; Bot ^^63) 

can be overcome by breeding larvae in individual containers 

although adequate numbers can be bred by rearing larvae together 

until the third instar stage. 

For the present study first instar larvae were placed 

into each vial although McMillian and Wiseman (l972) have described 

a technique of infestation involving the preparation of egg-

suspensions in O.i;̂  agar solutions. 

Moths emerging from the rearing containers were 

released into wooden boxes (see Appendix Figure A (ii)) and 

provided with a lOvS honey solution and an oviposition site of paper 

towel. The boxes were entirely light proof except for the paper 

towel area whicli was given a lo illumination to simulate dusk 

conditions inside the box. When the box was subjected to daylight, 

oviposition was noticeably reduced. To avoid decreased egg 

production with increasing moth density (Cuerra et_ aJ. 1972) no more 

than 15 pairs of moths were used in each cage. 

The usefulness of the diet and technique may be 

gauged by results listed in Appendix Table A (iii) based on 

colonies of both H. armigera and H. punctigera bred for consecutive 

generations on this diet. The results indicate that successful 

rearing can only be obtained over four generations with the final 

generation being characterised by abnormally long larval and pupal 

life as well as decreased pupal weight. The problem of malformed 

wings of emerging adults is considered as being related to a 

Vitamin E deficiency as described by Cunningham (l972). 
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Burton (l970) further modified a previous technique 

(1969) incorporating 0.3.11. (for Corn, Soy flour and Milk solids) 

by the addition of yeast and wheat germ, two inexpensive supplements 

that allov;ed continuous breeding for more than 12 generations as 

compared to 4 generations prior to the modification. 

Vanderzant (1969) however, considers that in many 

cases, the failure of a diet to support continuing generations of 

insects is not always due to the nutritional qualities of the media 

but rather to some deficiencies in the physical aspects of the diet. 

The detrimental effect of too much water in the media has been shown 

by Raulston and Shaver (1970) and further confirmed by Hare et_ al. 

(1973a). These latter authors consider that the best results are 

obtained by having most of the moisture of the diet removed by the 

time of pupation. 

Patel et_ al. (1965) recognised the need to alter the 

constituents of diets to suit various species in different areas. 

By using powdered lucerne for H. armigera in India, they were able 

to successfully rear at least 22 consecutive generations. 

It is obvious therefore that, although the present 

diet can support a few generations, it is lacking in quality to 

enable long term breeding without loss of vigour. 
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APPiaTOIX B 

FIELD DATA 

Data collected during the field assessment of 

population decline per cob are presented in Tables B (l) to B(7). 

At each of the seven plantings of maize examined, samples of fifty 

infested cobs were taken on three occasions each week during which 

immature stages of H. armigera were present in the field. On a 

number of occasions bad weather conditions made the airpling sites 

inaccessible and, to overcome this, one hundred samples vjere taken 

at the next sampling date. 

In order to assess the density of individuals within 

fifty infested cobs it was necessary to examine more than this 

number of cobs owing to the low infestation levels. The number of 

uninfested cobs is also presented in the Tables. 

Although the cohort examined on each occasion was 

regarded as being uniform, it was common that more than one stage 

of development be present within the cob. Rather than assessing 

the density in these cobs in relation to each of the stages it was 

decided that all the individuals present be regarded as belonging 

to the largest development stage present. Hence a cob containing two 

third instars and one fourth instar was classified in this present 

data as having three fourth instar larvae present. 



TABLE B(1) THE NUMBERS OF VARIOUS STAGES 

OF Heliothis armigera PRESENT ON 

DATE — SITE I 

OF DEVELOPMENT 

EACH SAMPLING 

Date 

A. 11.1972 

7.11.1972 

9.11.1972 

Tl.ii.1972 

U.ii.1972 

16.ii.1972 

le.ii .1972 

21ji .^72 

23.11.1972 

2S.ii.1972 

28.ii.1372 

l.iii .1972 

3.il|.1972 

6JII,1972 

«.i!i.1972 

Tota l 

No. per 
COD 

Stage of D e v e l o p m e n t 

eggs 

no. 
8 2 

76 

A7 

19 

U 

1 

239 

cob 

49 

49 

37 

17 

13 

1 

166 

Vl^UO 

1 St 

no. 

7 

21 

36 

7 

1 

1 

73 

cob 

5 

18 

27 

6 

1 

1 

58 

1-259 

2nd 

no. 

10 

15 

10 

20 

5 

3 

5 

5 

8 

3 

2 

1 

87 

cob 

6 

9 

6 

19 
. / . • / 

5 

3 

5 

A 

7 

2 

2 

1 

69 

1-261 

3rd 

no. 

1 

A 

3 

18 

25 

20 

8 

9 

7 

8 

6 

1 

110 

cob 

1 

A 

3 

16 

23 

18 

8 

9 

6 

8 

6 

1 

103 

1-068 

Alh 

no. 
1 

2 

1 

5 

19 

17 

23 

23 

15 

7 

11 

5 

1 

130 

cob 

1 

2 

1 

5 

17 

16 

19 

21 

U 

6 

11 

5 

1 

119 

1092 

5 th 

no. 

1 

U 

I, 

13 

22 

12 

17 

20 

19 

9 

3 

122 

cob 

1 

A 

3 

12 

18 

11 

17 

16 

19 

9 

3 

113 

1080 

6 t h 

no. 

1 

1 

4 

6 

18 

12 

35 

1 

78 

cob 

1 

1 

4 

6 

18 

12 

35 

1 

78 

1-000 

T o t a l 

83 

7 7 

66 

61 

64 

54 

55 

54 

58 

54 

53 

56 

50 

5 0 

6 

839 

50 

50 

50 

50 

50 

50 

?o 

50 

50 

50 

50 

50 

50 

50 

6 
b i ; 

i7P? 

No. of 

jninfestec 
cobs 

134 

7 6 

1 5 7 

1 7 0 

1 9 1 

140 

107 

1 07 

11 5 

138 

210 

126 

342 

271 

109 

2393 

http://28.ii.1372


TABLE B(2) THE NUMBERS OF VARIOUS STAGES OF DEVELOPMENT 

OF Heliothis armigera PRESENT ON EACH SAMPLING 

DATE - SITE n 

Da te 

16.ij.72 

18.ii.7 2 

21.ii.72 

23.ij.72 

25.ji.72 

28.li .72 

1.iii. 72 

3.iM . 72 

6;m . 72 

8.iii.72 

10.lii.72 

13.iii.72 

I5.iii.72 

17.ill.72 

To ta l 

cob 

SI 
eggs 

no. 

181 

240 

42 

6 

469 

cob 

49 

50 

17 

6 

122 

3-844 

1s t 

no. 

^ 2 

43 

56 

7 

1 

cob 

1 

15 

30 

5 

1 

1 

109 
52 

2-096 

t age of D e v e l o p m e n t 
2nd 

no. 

8 

25 

40 

24 

4 

11 

5 

1 

118 

cob 

3 

6 

16 

16 

4 

9 

3 

1 

58 

2-0 3 5 

3rd 

no. 

17 

11 

51 

cob 

10 

4 

21 
45 1 

18 
24 

21 

13 

6 

188 

16 

16 

13 

6 

104 

1-808 

4 t h 

no. 

4 

8 

13 

16 

19 

28 

19 

23 

5 

9 

3 

1 

148 

cob 

4 

3 

7 

9 

13 

15 

16 

20 

4 

8 

3 

1 

103 

1-437 

5th 

no. 

1 

1 

2 

8 

17 

7 

17 

23 

20 

10 

14 

10 

130 

cob 

1 

1 

1 

6 

12 

7 

16 

20 

20 

10 

13 

10 

|117 

1-111 

6 t h 

no. 

5 

3 

2 

4 

26 

32 

34 

23 

129 

cob 

5 

3 

2 

4 

25 

32 

34 

23 

128 

To ta l 

183 

240 

115 

107 

113 

94 

€9 

70 

56 

5^ 

52 

51 

51 

34 

1291 

I-OOSJ 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

34 

684 

No. o f 

uninfestec 
cobs 

44 

8 

34 

21 

17 

18 

27 

20 

88 

81 

50 

203 

182 

202 

995 

http://16.ij.72
http://18.ii.7
http://2
http://21.ii.72
http://23.ij.72
http://25.ji.72
http://10.lii.72
http://13.iii.72
http://I5.iii.72
http://17.ill.72


TABLE B(3) THE NUMBERS OF VARIOUS STAGES OF DEVELOPMENT 

OP Heliothis armigera PRESENT ON EACH SAMPLING 

DATE - S I T E \\\ 

Dare 

6.iii.1972 

10,iii.72 

13.iii.72 

1 Sill. 72 

17. iii. 7 2 

24.iii.72 

21M.72 

29.iiV.72 

6.iv.72 

11. i v,72 

Totals 

.JCiob 

S tage of Deve lopment 

eggs 

no. 

191 

114 

80 

27 

10 

-. 

422 

cob 

50 

43 

34 

17 

7 

151 

2-795 
..i t 

1st 

no. 

21 

12 

36 

21 

2 

92 

cob 

6 

9 

27 

15 

1 

58 

1-586 

2nd 

no. 

1 

10 

2 

44 

14 

6 

77 

cob 

1 

6 

2 

21 

12 

6 

48 

1-604 

3rd 

no. 

1 

3 

9 

29 

18 

16 

6 

82 

cob 

1 

2 

5 

24 

17 

15 

5 

69 

1-188 

4th 

no. 

3 

3 

61 

50 

43 

6 

1 

167 

cob 

2 

2 

L3 

L^ 

21 

6 

1 

132 

1-265 

5 th 

no. 

21 

28 

39 

36 

124 

cob 

16 

23 

35 

35 

109 

1-138 

6 t h 

no. 

4 

9 

15 

51 

3 

82 

cob 

4 

9 

13 

50 

3 

79 

1-038 

Total 

191 

136 

103 

71 

87 

131 

111 

113 

99 

4 

1046 

50 

50 

50 

50 

50 

100 

96 

100 

96 

4 

646 

No. of 
uiinfested 

cobs 

40 

21 

48 

51 

60 

162 

240 

298 

566 

327 

1813 

http://13.iii.72
http://24.iii.72
http://29.iiV.72


TABLE B (4) THE NUMBERS OF VARIOUS STAGES OF DEVELOPMENT 

OF Heliothis armigera PRESENT ON EACH SAMPLING 

DATE - SITE TV 

Date 

8.1.73 

10.1.73 

V2.J.73 

16.i .73 

19.1.73 

^3.1.73 

26.1.73 

30.1.73 

2.ii.73 

6.ii.73 

f^tal 

No, per 
Cob 

S tage of Development 

eggs 

no. 

32? 

134 
. 

94 

63 

cob 

50 

40 

37 

32 

-

j 

.....,. , 

613 
159 

3-855 

1 st 

no. 

34 

32 

20 

5 
• 1 

1 

8 

100 

cob 

7 

9 

10 

. 4 

1 

4 

35 

2-857 

2nd 

no. cob 

1 

15 

^ 0 . 

7 

12 

2 

37 

1 

2 

ir 

7 

"io~ 

2 

26 
3 

12 

129 

3 

9 

77 

1-675 

3 r d 

no. 

4 

2 

Jl_ 

4 

39 

10 

27 

14 

42 

154 

cob 

2 

Z 

8 

4 

22 

12 

21 

12 

31 

111 

1-387 

4 t h 

no. 

12 

3 

63 

14 

29 

14 

20 

155 

cob 

— 

6 

3 

32 

9 

25 

12 

19 

109 

1-422 

5 th 

no. 

10 

_6_ 

cob 

9 

6 " 
51 

29 
J 8 j 

17 

15 

34 

151 

16 

15 

12 

3T 

117 

1-291 

6 t h 

no. 

20 

30 

cob 

18 

30 
8 

8 
7 

8 
12 i 

' 9 
11 

15 1 

104 

11 

11 

94 

1.106 

T o t a l 

322 

173 

143 

177 

50 

178 

53 

130 

57 

123 

1406 

1 

50 

50 

50 

100 

50 

104 

48 

100 

50 

100 

702 

No. of 
uninfested 

cobs 

3 

4 

l b 

47 

7 

23 

32 

88 

37 

44 

301 



TABLE B(5) THE NUMBERS OF VARIOUS STAGES OF DEVELOPMENT 

OF Heliothis armigera PRESENT ON EACH SAMPLING 

DATE-S ITE V 

Date 

9. i i .73 

12.11.7 3 

14.r.73 

IFTii .73 

^0.11.73 

23.ii.73 

27.il .73 

To ta l 

.No. per 
Cob 

Stage of Development 

eggs 

no. 

740 

310 

116 

1170 

coo 

70 

48 

24 

142 

8-239 

1st 

no. 

3 

9 

._ 

12 

cot) 

1 

4 

5 

2-400 

2nd 

no. 

_14 

12 

5 

1 

7 

39 

cob 

1 

8 

5 

1 

6 

21 

1-857 

3 rd 

no. 

- - • 

15 

16 

6 

4 

8 

49 

cob 

. . _. 

11 

11 

5 

3 

6 

36 

1-361 

4 th 

no. 

.. __, 

10 

27 

25 

3 

4 

69 

cob 

7 

18 

24 

3 

3 

55 

1-255 

5 th 

no. 

2 

17 

48 

22 

20 

109 

cob 

2 

12 

43 

22 

20 

99 

1-101 

6th 

no. 

4 

35 

25 

61 

125 

cob 

3 

28 

24 

61 

116 

1-078 

Total 

740 

327 

164 

69 

114 

55 

100 

1573 

70 

50 

56 

49 

100 

53 

96 

474 

No. o f 
uninfested 

cobs 

0 

2 

24 

17 

61 

45 

168 

317 

http://23.ii.73
http://27.il


TABLE B(6) THE NUMBERS OF VARIOUS STAGES OF DEVELOPMENT 

OF Heliothis armigera PRESENT ON EACH SAMPLING 

Date 

12 ii 1973 

16 ii .73 

19,ii.73 

21.i j .73 

23.ii.73 

26.ri.73 

28.ii.73 

'P •. ' 
;2:lii.73 

5. iii .73 

7 iii .73 

9. iii. 7 3 

12.111.73 

If. i f i .73 

16.ill. 73 

19.iii.73 

2i;r i i :73 

T o t a l 

No. per 
Cob 

DATE - S I T E Vl 

Staqe of Development 

eggs 

no. 

615 

983 

433 

271 

147 

139 

139 
_. . 

^̂  

2727 

cob 

53 

73 

29 

25 

13 

10 

11 

-- - ̂^ . .. 

214 

12-743 

1st 

no. 

86 

cob 

i 7 
147 1 

68 

25 

10 

7 

3 
90 j 

! 12 
6 l 

2 

2 

, ,̂ .-^-

426 

1 

1 

2 

„ i _ - . 

43 

9-907 

2nd 

no. 

52 

cob 

9 
1 

, 1 
32 i 

9 
11 

73 

70 

14 

5 

11 

3 

2 

1 

27b 

6 

18 

16 

12 

5 

6 

2 

1 

1 

86 

31 ?8 

3rd 

no. 

18 
, 

15 

18 

24 

22 

41 

33 

37 

20 

19 

12 

14 

10 

4 

2 

289 

cob 

8 

3 

8 

8 

8 

15 

21 

16 

13 

8 

8 

7 

10 

4 

2 

139 

2- 0.79 

4 th 

no. 

15 

10 

6 

18 

4 

7 

11 

26 

40 

22 

11 

26 

22 

14 

12 

244 

cob 

11 

7 

3 

13 

2 

3 

6 

14 

20 

16 

10 

22 

19 

13 

11 

170 

1435 

5 th 

no. 

2 

4 

2 

7 

2 

6 

10 

17 

15 

21 

18 

10 

14 

18 

19 

165 

cob 

'2 

4 

2 

5 

2 

5 

9 

11 

10 

16 

17 

8 

11 

16 

17 

135 

1-222 

61 

no. 

3 

4 

7 

3 

1 

3 

1 

10 

14 

15 

10 

16 

20 

107 

th 

cob 

3 

4 

7 

3 

1 

3 

1 

8 

14 

13 

10 

16 

20 

103 

1-039 

To ta l 

615 

1156 

613 

401 

239 

333 

270 

68 

90 

89 

75 

57 

65 

56 

53 

53 

4233 

53 

110 

57 

58 

55 

55 

52 

48 

50 

52 

50 

50 

50 

50 

50 

50 

890 

No. of 

uninfested 
cobs 

2 

7 

4 

9 

5 

4 

2 

9 

5 

18 

7 

25 

25 

8 

46 

80 

256 

http://21.ij.73
http://23.ii.73
http://26.ri.73
http://28.ii.73
http://19.iii.73


TABLE B(7) THE NUMBERS OF VARIOUS STAGES OF DEVELOPMENT 

OF Hel iothis armigera PRESENT ON EACH SAMPLING 

DATE^SITE YE 

Date 

16.ii.73 

I9. i i .73 

21.ii.73 

23.ii.7-3 

2?.1^73 

28.ii.73 

2.iii.73 

5.ili.7 3 

7j[r.73 

9.111.7 3 

To ta l 

Hq. per 
Cob 

Stage of De\/eLopment 

eggs 

NO. 

906 

71 

23 

16 

— " • — 

1016 

cob 

100 

19 

3 

5 
-—-— 

127 

8 0 0 0 

1s t 

no. 

8 

8 

cob 

4 

4 

2000 
• 

2nd 

no. cob 

1 

1 
3 

5 

1 

5 

16 

3 

3 

36 

2 

5 

1 

4 

14 

2 

3 

31 

1-161 

3rd 

no. 

9 

18 

7 

7 

5 

12 

20 

8 

5 

91 

cob 

7̂  

9 

7 

6 

4 

7 

14 

7 

5 

66 

1-3 79 

4 th 

no. 

15 

27 

12 

5 

cob 

"12" 

20 

12 

1 5 
5| 

1 5 
14| 

! 10 
8 

5 

6 

97 

7 

5 

5 

81 

1-198 

5 th 

no. 

11 

16 

19 

1? 

10 

14 

7 

13 

6 

115 

cob 

8 

14 

18 

18 

10 

14 

7 

13 

6 

108 

10 65 

6 t h 

no. 

2 

13 

21 

24 

16 

8 

21 

5 

110 

cob 

2 

12 

21 

22 

16 

8 

21 

5 

107 

Total 

906 

117 

91 

67 

100 

52 

53 

54 
52i 

50 
45 1 

42 
61 

59 

50 

25 

1473 

102 8 1 

51 

50 

48 

24 

524 

No. of" 

uninfested 
cobs 

1 

14 

18 

18 

46 

58 

68 

125 

196 

200 

744 

http://16.ii.73
http://I9.ii.73
http://21.ii.73
http://23.ii.7-3
http://28.ii.73


APPMDIX C 

STATISTICAL ANALYSES 

I. COMPARISON OF DISTRIBUTION OF LARVAL LIFE TO A 

NORMAL DISTRIBUTION 

All larval development times have been transformed to 

a common mean (5*0) and variance (l.O). These transformed values have 

been grouped as listed below* From a consideration of the 

probalaLities associated with the Normal Distribution, the expected 

frequencies associated with each group has been calculated. 

Group 

<3.5) 
) 

3.5) 
) 

4.0) 

4.5 

5.0 

5.5 

6.0 

6.5 

7.0 

7.5 

8,0 

>8.0 

Observed 
Distribution 

6 

23 

37 

61 

45 

8 

21 

9 

3 

2 

1 

p. of Normal 
Distribution 

0.0668 

0.0919 

0.1498 

0.1915 

0.1915 

0.1498 

0.0919 

0.0440 

0.0166 

0.0049 

0.0013 

Expected 
Distribution 

14.4 

19.8 

32.4 

41.4 

41.4 

32.4 

19.8 

9.5 

3.6 

1.0 

0.3 

N = 216 N « 216 

A Chi Squared test using e:^eoted cell values greater 

than 5.0 was carried out. 

Y ^ B 34.15 for 7 degrees of freedom 

P ^ 0.005 
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II. COMPARISON OF DISTRIBUTION OF PUPAL DEVELOPMBHT 

TIME TO A NORMAL DISTRIBUTION 

All pupal development times have been transformed to a 

common mean (5.0) and variance (l.O). These transformed values have 

been grouped as listed below. From a consideration of the 

probabilities associated with the Normal Distribution, the expected 

frequencies associated with each group has been calculated. 

- Observed p. of Normal Expected 

<3.5) 
) 

3 . . | 

4 .0) 

4 .5) 

5.0 

5.5 

6.0 

6.5 

7.0 

7.5 

8.0 

>8.0 

iisiiriDuxion 

5 

18 

25 

49 

31 

10 

15 

6 

5 

2 

1 

i i is^riouiixon 

0.0668 

0.0919 

0.1498 

0.1915 

0.1915 

0.1498 

0.0919 

0.0440 

0.0166 

0.0049 

0.0013 

x/isxriDuiixon 

11.1 

15.4 

25.0 

32.0 

32.0 

25.0 

15.4 

7.3 

2.8 

0.8 

0.2 

N e 167 N = 167 

A Chi Squared test using expected cell values greater 

than 5.0 was carried out* 

2 
Y » 22.69 for 7 degrees of freedom 

P < 0.005 
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III. COMPARISON OF THE DISTRIBUTION OF LARVAL AND 

PUPAL DEVELOPMEIilT TIMES 

All leurval and pupal development times have been 

transformed to a common mean (5.0) and variance (l.O). These 

transformed values have been grouped as listed below. Owing to 

the differing sizes of the total frequency of the two 

distributions, each value in the distributions have been altered 

in proportion, each resulting distribution having a similar total 

frequency, e.g., the value "6" in the pupal development time 

distribution will be altered thus: ^ ̂  ^^^L"*" ̂ ^^^ •= 13.76. 

Group 

3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

6.0 

6.5 

7.0 

7.5 

8.0 

8.5 

Larvae 

6 

23 

37 

61 

45 

8 

21 

9 

3 

2 

1 

N «= 2l6 

Pupae 

5 

18 

25 

49 

31 

10 

15 

6 

5 

2 

1 

N = 167 

6 X (l67 + 
167 

•ansformed 
Larvae 

10.64 

40.78 

65.61 

108.16 

79.79 

14.18 

37.24 

15.96 

5.32 

3.55 

1.77 

216) 
e 1 

Distribute 
Pupae 

11.47 

41.28 

57.34 

42.39 

71.10 

22.94 

34.40 

13.76 

11.47 

4.59 

2.29 

383 383 

t Test Calculations 
,2 

d « 44.03 ^ = 4.0027 4 r ^ « 176.2401 d^ = 291.5585 
"^^ N N 

s « 1.0238 

t « 3.91 

p = 0*005 
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IV. COMPARISON OF SEX RATIO OF ADULTS EMERGING AT 

VARIOUS TEMPERATURES TO A RATIO 1:1 

Data presented in Table II (d) 

Using a Jl test:-

X2 (No. Observed - No. Expected) _ , ., , j .«> T •: * .- __ • , * ' for both males and females No. Expected 

^ 2 (17~18)^ + (19-18)^ + (22-18.5)^ + (l5-l8.5)^ + (21-21)^ + 
A " T8 lS 18.5 18.5 21 

(21-21)^ + (21-17)^ + (13-17)^ 
21 17 17 

2 
J^ « 3.318 for 4 degrees of freedom (p O.5O) 
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V. COMPARISON OF OBSERVED AND PREDICTED DENSITY 

LEVELS OF INDIVIDUALS PER COB 

Predicted values of the density of particular instars 

are calculated from the equation:-

log. T. « log* E. (l.O - X.) 

idiere Y. " nvunber of stage i per cob 

E B number of eggs per cob 

Stage 

E 

1 

2 

3 

4 

5 

6 

X. 

I 

0 P 

1.44 

1.26 

1.26 

1.07 

1.09 

1.08 

1.00 

1.28 

1.09 

1.08 

1.02 

1.00 

1.00 

a=1 
L ael 

b. 
1 

where b » 0*3210 

bg - 0*4414 

b, « 0*0279 

^4 - 0*1595 

\>. « 0*0488 

bg = 0*0012 

SITE NO. 

II 

0 P 

3.84 

2*09 

2.03 

1.81 

1.44 

1.11 

1.01 

2*50 

1.38 

1*33 

1.07 

1.00 

1*00 

III 

0 P 

2.79 

1.59 

1.60 

1.19 

1.27 

1.14 

1.04 

2.01 

1.28 

1.24 

1.05 

1.00 

1.00 

IV 

0 P 

3.86 

2*86 

1*68 

1.39 

1.42 

1.29 

1.11 

2.50 

1.38 

1.33 

1.07 

1.00 

1.00 
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stage 

E 

1 

CVI 

3 

4 

5 

6 

V 

0 

8* 

2.40 

1.86 

1.36 

1.25 

1.10 

1.08 

P 

24 

4.17 

1.65 

1.56 

1.11 

1.00 

1.00 

SITE NQ 

VI 

0 1 P 

1 
12.74 

9.91 

3.20 

2*08 

1.44 

1*22 

1.04 

5.63 

1.83 

1.71 

1.14 

1.00 

1.00 

1 

V I I 

0 P 

8.00 

2.00 

1.16 

1.38 

1.20 

1.06 

1.03 

4.10 

1.64 

1.55 

1.11 

1.00 

1.00 

Chi squared test using cell comparisons of values 

greater than 5 

5.40 for 7 degrees of freedom 
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