ENVIRONMENTAL INFLUENCES ON THE FLIGHT AND
MIGRATORY POTENTIAL OF HELICOVERPA PUNCTIGERA
AND H.ARMIGERA (LEPIDOPTERA: NOCTUIDAE).

by

MARC COOMBS

A thesis submitted for the Degree of Doctor of Philosophy
University of New England
March 1992



DECLARATION

I certify that the substance of this thesis has not already been submitted
for any degree and is not being currently submitted for any other degree.

I certify that the help received in preparing this thesis, and all sources

Marc Coombs
March 1992

used, have been acknowledged in this thesis.



Acknowledgemnts

I thank my supervisor, Professor W. Danthanarayana, for his constructive
critiscisms throughout this study and in the writing of this thesis, and Dr P.C. Gregg
(acting supervisor from Jan 1990 - Feb 1991) for many helpful discussions on various
aspects of the study. I further thank Dr P.C. Gregg for providing insect material from
his light-trap studies of Helicoverpa spp.

My thanks to Dr S.C. Cairns for his expert help in computing and statistical
matters and to Professor E. Toolson, Department of Biology, University of New
Mexico for his help and guidance in undertaking the work on thermoregulation.

My-thanks to Dr R. Gunning, NSW Department of Agriculture and Fisheries,
Tamworth, for advice on rearing techniques and for providing insect samples from
various localities, and to M.R. Ramsey for providing insect samples from the coast.

[ further thank Dr S.C. Cairns, M.R Ramsey and Dr M K. Notestine for their
encouragement during the study.

This study was financially supported by research grants and a postgraduate

scholarship from the Australian Cotton Research Council.

Finally, I thank my wife and children for their support and forebearance during

the course of this study.

1



CONTENTS

Abstract

Chapter 1: GENERAL INTRODUCTION ......cccovviiiviiiiiiiiinninnnn.

1.1 Environmental influences on insect flight and migration
1.2 The biology and ecology of Helicoverpa punctigera and

H. armigera in Australia

......................................................

....................

1.2.1 Taxonomy, distribution and pest status
1.2.2 Ecology of H. punctigera and H. armigera

................

1.3 REfeIENCES .ieiieiiiiniiiiiiiiiiii et
Chapter 2: REPRODUCTIVE MATURITY AND MATING STATUS OF
MIGRANT HELICOVERPA
2.1 Introduction
2.2 Methods
2.3 Results
2.4 Discussion

2.5 References

Chapter 3: AGE-RELATED FLIGHT AND REPRODUCTIVE
PERFORMANCE

3.1 Introduction

3.2 Methods

3.2.1 Larval and adult rearing

3.2.2 Tethered flight methodology

3.2.3 Determining relationship between age and flight ability ....

3.2.4 Mating and flight ability

3.2.5 Adult food and flight ability .......ccccooeviininiinnnnenn.

..........................................

................................................................

....................................................................

......................................................................

..................................................................

..................................................................

..........................................................

.................................................................

.....................................................................

........................................

...................................

........................................

il

viil

11

18
18
18
20
20
22



3.2.6 The influence of age and adult food availability on

reproductive performance ..........coeceeceveeeineeiiiinnenn. 32
3.3 ReESUIS  coniiiiiiiiii e 33
3.3.1 Flight and age ...cevviiiiiiiriiiiiieiiie e 33

3.3.2 Pre-oviposition period, fecundity and longevity of

flown moths ...ocooiiiiiiiiiii 34

3.3.3 Mating and flight duration ..........cccocccciiieiiiinnnnnnn. 35

3.3.4 Adult food availability and flight duration ................... 35

3.3.5 Age-related reproductive performance ..............c........ 36

3.4 DISCUSSION  eiuniiiririiiniiiiieieeiieieeeieetreieeterierneenaernaaines 37
3.5 REfeIENCES .eeuiiiiiiiiiiiiiii i 42

Chapter 4: FLIGHT SPEED, DISTANCE AND MORPHOMETRICS ......... 58
4.1 IntroduCtion ...cc.ciiiiiiiiiiiiii i 58
4.2 MethOds .oviiniiiiiiiiii e 58

4.2.1 Insect material ........ccooiiiiiiiiiiiiiiiii 58
4.2.2 Morphometric parameters ............cccccceveeeieeereennnnnne 59
4.2.3 Flight muscle to body weight ratio ........ccceeceeerienenn. 59
4.2.4 Flight mill ..o 60
4.2.5 Flight testing ....cccovviiiiiiiiiiiinieiiiiiiieneieiiieee e 60
4.3 ResUIS oo 61
4.3.1 MOTIphOmMEtTiCS .ievivnriiiniiniiiiie e, 61
4.3.2 Flight speed and distance ...........cccccovevvinnireiinnnnnn.. 62
4.3.3 Flight distance and morphometrics ..........cccccevuneenn... 65
4.3.4 Flight muscle to body weight ratio in H punctigera ...... 66
4.4 DISCUSSION  teiiiuuriiiiriinietiiretireeiinerieeenetensesaeesneennneres 66

L T 3 U5 €= 11 =1 OO 70

v



Chapter 5: GEOGRAPHIC VARIATION IN FLIGHT CAPACITY AND LIFE

HISTORY TRAITS ..ottt 85
5.1 IntroduCtion ....ccoieeiiiiiiiiiiiiiiniiiiiiiii e eaeeas 85
5.2 MethOds .oivieuiiiii e 85
5.2.1 Insect material ...t 85
5.2.2 Statistical analysis .......ccoeeveeiiiiiiiiiiniiiiiiiiiiineneeens 86
5.3 RESUIS ittt 86
5.4 DISCUSSION  tuiiuiiniiniiiiiiiirie ettt et eeneeneaneneens 87
5.5 ReEeIENCES .iiiiuiiniiiiiiiiiiiiiiei e 89
Chapter 6: THERMOREGULATION AND FLIGHT THRESHOLDS ........ 97
6.1 INtroduCtion ..c.cccoeiiiiiiiiiiiiiiriiinii e eeee e eeia e 97
6.2 Methods ....cccooerrnnnnn. e 98
6.2.1 Insect material for laboratory experiments ................. 98
6.2.2 Pre-flight warm-up and thoracic temperatures
during flight ... 98
6.2.3 Duration of pre-flight warmup, and thoracic and
abdominal temperatures during tethered flight ............. 99
6.2.4 Static tethered flight : H.punctigera ......................... 99
6.2.5 Tethered to cotton tWINE ....ccocoeevrieeiirieeiniierinneennn 100
6.2.6 Field measurement of thoracic temperature during
free flight ..o 100

6.2.7 The role of thoracic scales and hairs as thermal insulators . 101
6.2.8 Estimating heat storage relative to heat loss from
- warmup and convective cooling .........ccccccevvrvrernene, 101
6.3 Results
6.3.1 Pre-flight warm-up and changes in Ty, during tethered
flight o 101

6.3.2 Duration of, and proportion of moths, initiating



pre-flight warmup .......ccccooviiiiiiiiii
6.3.3 Relationship of Ty, and Tapd to Tamp during
tethered flight ..o,
6.3.4 Relationship of T to Tamp during free flight ................
6.3.5 Thoracic scales as thermal insulation ............ccceceeeee.
6.3.6 Heat storage relative to heat 10SS .......ovvveviieeeeereenennnn.
6.4 DiISCUSSION  ..iiuiiiiiniiiiiiiiiiiii i

(TR I LU= (=) 1oL S

Chapter 7: LARVAL DIET AND FLIGHT PERFORMANCE ....................
7.1 INtrodUCHION ..iiiiiiiiiiiieiii et e et e e e e e
7.2 Methods oo

7.2.1 Larval treatments ........ccoceeeeeeiievieiieeriinnerinnaenennens
7.2.1.1 Experiment 1 - Larvae caged on plants
in the field ......cocooiiiiiiniiiii .
7.2.1.2 Experiment 2 - Larvae fed excised plant
material .. .,
7.2.2 Flight testing ...cooooviiiiiiiiiiiiiiiiic
7.2.3  STAtiSTICS teurerurenrerniinieiieiineieiieeiaereiernaeanenaaanens
7.3 Results ...cocoeeeeennnnn ettt ettt e ettt et e et et eenaaaas
7.3.1 Experiment 1 ..ccoooviiiiiiiiiiiiiiniieiceevieeenn,
7.3.2 EXPETiMENt 2 .iiiiiiiiiiiiiiiiniiineiierinerieeienaneeneenns
7.3.2.1 Survival of immatures ........cccceeereeerennennn.
7.3.2.2 Body size and preoviposition period ............
7.3.2.3 Flight performance ........ccccccoovviiieenninnnn.
7.4 DISCUSSION  iviiiiiiiiiiiiiiiieiiiieiiieierie et et et erie e eeneaeneenns

.S R BT CICES  tiiniiiiiiteit ittt e ettt e e e et eeeas

vi



Chapter 8: SEASONAL POLYPHENISM OF H.PUNCTIGERA ..............
8.1 Introduction ....cccciiiiiiiiiiiiiiiii i

8.2 Methods .oouvviiiiiiiiiiiiiii i

8.2.1 Insect material .......cccoccooiiiiiiiiiiiiiiniiiiiiiniinnne.

8.2.2 Life history parameters ............cceeeeceeeeeemuieaeneenees

8.2.3 Flight testing ....c.ccoeiiiiiiiiiiiiiiiiiireeeriiien e eeenes

8.2.4 Environmental parameters

8.2.5 Statistical analyses ........ccccoiiiiiiiiiiiiiiiiiniines
I T 111 ) £ ST
8.4 DISCUSSION  tuiiririiierininiiriieiiinenerseneasesesssecnsaesnsoscnesnsnnsas

I I L0 £53 o =) 1 (o1 o1 ST

Chapter 9: GENERAL CONCLUSIONS

.........................................

- 9.1 General conclusions

....................................................

9.2 Directions for Future Research

.......................................

9.3 References

...............................................................

160
160
164
166

vii



Abstract

This study examined the role of environmental factors in influencing the flight
capacity of Helicoverpa punctigera (Wallengren) and H. armigera (Hiibner) moths
(Lepidoptera: Noctuidae).

Flight capacity of female and male moths were measured by means of a tethered
flight technique. Flight capacity was found to be age dependent in both species. In H.

punctigera, flight ability increased from the first night following emergence up to night

| 4, and was maintained at least until night 10. In H. armigera, a peak in flight capacity
occurred on night 4, followed by a decline with increasing age. Long flying (> 5 hr
duration) moths were evident in both species from the night following emergence.
Attainment of reproductive maturity was rapid in both species, with 9i % of H.
punctigera and 77 % of H. armigera ovipositing by night 3. Hence, the increase in
flight capacity recorded for both species during early adult life is coincident with the
onset of reproductive activity. Both species retain the capacity for extensive inter-crop
and inter-regional movement throughout most of the reproductive phase of their adult
lives. Neither successful mating or the absence of adult food sources influenced flight
capacity during early adult life.

Throughout the study the rearing methodology employed was designed to

minimise the effects of inbreeding depression and inadvertent selection of genotypes.

This was achieved by maintaining a broad base of mating pairs (25 - 30) for successive
laboratory generations of both species. All experiments were conducted with insect

material that had been in culture for not more than four generations.

Determination of the reproductive maturity and mating status of migrant H.
punctigera and H. armigera moths collected from light traps mounted on towers
shows that migration occurs prior to the onset of initial egg maturation and prior to
mating in both species.

On flight mills, H. punctigera moths maintained average flight speeds of 3.2
(males) and 3.6 (females) km hr-1 and achieved maximum overnight (10 hr) flight

distances of more than 60 km on night 4. H. armigera moths maintained average flight



speeds of 4.8 (females) and 5.2 (males) km hr-! and also achieved maximum overnight
flight distances of more than 60 km. There was no correlation between body size or
morphometric parameters with distance flown in either species.

Maintenance of H. punctigera and H. armigera populations, originating from
different geographic localities, under uniform laboratory conditions revealed genetic
variation for some life history traits and flight capacity. Genetic differences in
preoviposition periods were detected among populations of both H. punctigera and
H.armigera, and in flight capacity during early adult life among H. punctigera
populations, and at peak flight capacity among H. armigera populations.

H. punctigera and H. armigera moths utilise a preflight warmup behaviour
(wing shivering) to elevate thoracic temperature to a level at which flight is possible.
Both species maintain thoracic temperatures of 20 - 32 °C during free flight at ambients
of 12 - 30 °C. Preflight warmup duration is inversely related to ambient temperature.
Both H. punctigera and H. armigera moths require 12 - 15 mins at ambients of 10 °C
to elevate thoracic temperature to a level sufficient for flight. Neither species were able
to initiate preflight warmup or maintain flight at ambient temperatures of less than 5 0C.
The inability of adults to maintain flight at ambients of less than 5 °C may serve to limit
flight in cold upper air at night. Endothermy (wing shivering) became energetically
more expensive for both species as the difference between thoracic temperature and
ambient temperature increased. |

Differing larval diets were shown to phenotypically modify body size
parameters, but did not influence flight capacity. Both species displayed wide plasticity
in the size at which successful pupation occurred. The lower pupal weights that

- permitted adult emergence were approximately 24 % (91/372) and 37 % (153/413) of
the maximum pupal weight recorded for H. punctigera and H. armigera respectively.
Low thresholds and high plasticity of pupal weight may have evolved in response to
conditions of high temporal variation of host plant quality and availability.

H. punctigera adults display polyphenic variation of life history traits and flight

capacity in response to seasonal changes in temperature and photoperiod. Successive

X



generations of H. punctigera maintained in field cages, exhibited an increasing
incidence of the following traits; increased time to first oviposition, increased forewing
to body length ratios, and increased flight capacity. Expression of these traits may
potentially serve to extend the range of migration for this species during autumn. The
likelihood and significance of autumn migration in the seasonal redistribution of this

species remains to be determined.
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