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PREFACE

A few of the many species of Heliothis (Lepidoptera, Noctuidae) are
important crop pests in the Old and New Worlds. Among these, H.armigera,

H.zea, H.virescens and H.punctigera are the best known. The former is a

particularly destructive species of a wide range of crops cultivated in
Africa, the Middle East and Asia, including several staple foods and
important peasant farmer cash crops. As new cultivation techniques are
introduced and more extensive areas of crops are grown, often on larger
irrigation and Govermment development schemes, it appears that this pest
is becoming increasingly important,

There is a strong suspicion that H.armigera populations move locally
between crops grown in sequence or intercropped and that probably more
extensive migratory movement occurs, as has been demonstrated in the
closely related species H.zea in North America. This has considerable
implications for effective control of the pest on the crops of some of the
least priviledged farmers of the Developing World and in some of the
poorest countries.

There are recorded instances of resistance to pesticides in the
species. Clearly large scale movements could have an effect on dissemina-
tion of such resistance and affect the level of control exerted by local
parasite and predator populations aqd hence the mnecessity for rapid
control action to combat rapid population increases of the pest on both
staple food and cash crops. The ability to forecast or warn of such
incidents would assist in effective timing of control operations and

maximise efficiency of any insecticidal input required.



This bibliography consolidates much of the scattered literature on
the migratory behaviour of Heliothis spp. and will help to identify gaps
in the existing knowledge of this aspect of the ecology of the genus. It
will hopefully assist in focussing attention on the necessity for work on
H.armigera, which is of such great importance in Developing Countries.
Work on migratory movement could lead to effective action both regionally
and internationally to reduce possibilities of migration of damaging
numbers of moths, It will certainly assist 1n increasing knowledge on the
bionomics of one of the most damaging agricultural pest species in the 01d
World and be of benefit to some of the least advantaged farmers of the

tropics.

J.C, Davies, 0.B.E., Ph.D., M.I. Biol.

Assistant Director

Tropical Development and Research Institute
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INTRODUCTION

Scope of the Bibliography

This Bibliography contains citations concerning the migration and
dispersal of Heliothis spp. throughout the world, arranged in two
sections, OLD WORLD and NEW WORLD. The OLD WORLD section includes
unusual observations of the genus outside of its expected range
together with other trapping records and any evidence of
large—scale dispersal or migration. The NEW WORLD section
concentrates on strictly migratory evidence, Hopefully, omissions
have been kept to a minimum although some are inevitable., The
compilers would welcome notification of any serious omissions
which may at a later date be incorporated into a supplement.

Species names

The names of the Heliothis species given in the annotations

(see 3.) are those in current use by the Commonwealth Institute of
Entomology, London, UK. If an earlier synonym is used by an author
in the title, this is given in the annotation in brackets after
the currently accepted name. Both Chloridea and Helicoverpa are
synonyms of Heliothis. The specific name obsoleta was assigned to
both 0ld and New World species before they were recognised as
distinct, and are currently named armigera and zea respectively;
dipsacea, referred to in several papers, is a synonym of

viriplaca.

Arrangement of citations

The bibliography is divided into two sections; 0ld World,
including Australia, New Zealand and the Pacific but excluding
Hawaii, and New World covering the Americas and Hawaii. New World
citations refer to the cotton bollworm H. zea (Boddie), the
tobacco budworm H. virescens (Fabricius) and H. subflexa (Guenée);
0l1ld World citations refer to:

H. armigera (Hiibner) H. peltigera (Denis &

H. armigera armigera (Hiibner) Schiffermiiller)
H. armigera conferta Walker H. punctigera Wallengren

H. assulta Guenée H. rubrescens (Walker)

H. assulta afra (Hardwick) H. scutuligera Guenée

H. imperialis Staudinger H. viriplaca (Hufnagel)

H. incarnata Frivaldsky H. xanthiata Walker

H. nubigera Herrich-Schieffer
Within these sections, the citations are arranged alphabetically

according to author. If there is more than one reference to the
same author(s), then they are arranged chronologically.

i.



Distribution maps

Commonwealth Institute of Entomology Distribution Maps nos. 15,
262, 263, 283 and 239 for H armigera, H., assulta, H. punctigera,
H., virescens, and H. zea are reproduced over. Full supporting data

is supplied with originals obtainable from CIE, 56, Queen's Gate,
London SW7 5JR.

Information Sources

This bibliography is based on documents retrieved by searching,
manually and/or by computer, the following:

The library stock of the Tropical Development and Research
Institute (College House)

Abstracting periodicals published by the Commonwealth
Agricultural Bureaux (UK), eg. Review of Applied Entomology,
(Series A)

Those produced by BioSciences Information Service (BIOSIS)
(USA) ie Biological Abstracts and Reports, Reviews and
Meetings

AGRICOLA, the database produced by the Science and Education
Administration, Technical Information Systems of the U.S.
Department of Agriculture

The International Information System for the Agricultural
Sciences and Technology (AGRIS), coordinated by the Food and
Agricultural Organisation of the United Nations, Rome

The most recent issues of the most productive primary
journals.

Language Symbols

Where the document is in a language other than English, the
original title is given, followed by an English translation. At
the end of the citation, the original language of the paper (using
an initial capital letter) and the language(s) of any summary(ies)
(using a small initial letter) are indicated in square brackets
with the following symbols:

Af Afrikaans Ja Japanese
Ch Chinese Ko Korean
De German N1 Dutch
En English Ru Russian
Es Spanish Sv Swedish

Fr French

Indexes

Full author, species and country indexes are included.

ii.
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Heliothis punctigera Wallengren C.I.E. Distribution Map No.263 (1969)
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Heliothis zea (Boddie) C.I.E, Distribution Map No.239 (1967)




8. Obtaining original material cited in the Bibliography

8.1. The Institute regrets that it is unable to supply any of the
documents cited.

8.1ii. The literature should be available through the usual
distribution channels including local library services and
national library and documentation centres.

8.11i. When ordering material from any source, do not only quote the
reference number in the Bibliography but include all the details
of the citation ie. author(s), title, journal reference, date,
etc.

iii.



BIBLIOGRAPHY



OLD WORLD
(Inc, Australia and New Zealand)

001 ADDIS ABABA INSTITUTE OF AGRICULTURAL RESEARCH, (1969), Report for the period March
1968 to March 1969, Addis Ababa, Institute of Agricultural Research., 94 pp, [En,]

H, armigera was recorded in light traps at Holetta, Ethlopia only in late October and early
November, At Melka Werer, It was observed almost throughout the year, (p., 36)

002 ARUNIN, A. (1978), Pests of soybean and thelr control In Thalland, pp 43-46, In:
Singh, S.R., Van Emden, H,F, & AJibola Taylor, T., (eds.,) Pests of graln legumes: ecology and
control, Academlc Press, London, [En,l

States that large populations of H, armligera bulld up on tobacco and move to late soybeans once
the tobacco has been harvested,

003 ATWAL, A.S., CHAUDHARY, J.,P. & RAMZAN, M, (1969), Studies on the seasonal abundance of
Insects on light trap at Ludhiana, Journal of Research, Punjab Agricultural Unlversity, 6
(1) (Suppl.): 186-196, [En, en,l

Weekly lIght trap catches of H, armigera from 5 January 1966 to 26 October 1966 at Ludhiana,
Punjab, Indla, Adults present from mid March to the flrst week of May with two peaks of
activity In March and April,

004 BHATNAGAR, V.S, (1980), A report on research on Hellothis complex at ICRISAT (Indla),
1974-79.* Patancheru, Andhra Pradesh, Indla; International Crops Research Institute for the
Semi-Arld Troplics, 23 pp. [En.] *Invited working paper presented at the All-Indla Workshop on
Consolidation of Pest Management Recommendations and Guidelines of Research, session -
Hellothis complex, Udalpur (India), 24-26 April 1980, under the ausplces of the Entomological
Society of Indla,

Light trap studies show catches of Hellothis spp are lowest when the moon is full with peaks In
September, November/December and March/April, Females are more abundant In traps and catches
higher near to a host crop, Migration Indicated by large numbers of moths suddenly appearing In
November and December 1977, probably alded by weather conditions, Observatlons using virgin
female traps revealed that irrigation In groundnut and cowpea caused considerable Increase in
number of adults trapped,

005 BHATNAGAR, V.S, (1981), Entomologlical observations on Intercropped plgeonpea In
selected villages of Andhra Pradesh and Maharashtra (1977-1978). Patancheru, Andhra Pradesh,
India; International Crops Research Institute for the Seml-Arid Tropics. (ICRISAT Cropping
Systems (Entomology) [Departmentall Progress Report, no, 6,) 11 pp [En, en,]

Egg and larval counts on plgeonpea showed peak oviposition by H, armigera In October in Andhra
Pradesh (at Aurepalle and Allapur) and in early December In Maharashtra (Kanzara), |t Is
presumed that migration of moths from elsewhere was responsible for the high egg numbers and
subsequent larval bulld up,



006 BHATNAGAR, V.S. (198ta). Farmming Systems Research Program, Cropping Entomology, annual
report of work, 1979-80, Patancheru, Andhra Pradesh, India; International Crops Research
Institute for the Seml=-Arid Troplecs., (ICRISAT Cropping Entomology [Departmentall Progress
Report no, 5) 22 pp, [En,}

Average annual light trap catches at ICRISAT Center during 1977-80 are given for H, ammigera,
H, assulta and H, peltigera. H. armigera was most abundant, with a peak catch In November, At
Hissar, the highest catch was in September, with further peaks In December and February/March,
Catches of H, armmigera In sexlure traps are also recorded,

007 BHATNAGAR, V.S. & DAVIES, J.C. (1977). In-house review, cropping systems 1977, April
15 1977: cropping entomology. [Hyderabad]l, International Crops Research Institute for the
Semi=Arid Troplcs, 4 + [11] pp. [En,]

The "known mlgratory habit and powerful fllght mechanism" of H, armigera are nofted. Summary of
1977 light trap studies show; females are more numerous In a catch, catch effected by lunar
cycle (lowest when full moon), three peaks of moth activity which have been displaced In
different years, traps near crops coliect greater moth numbers, and moths of all ages are
trapped.

008 BHATNAGAR, V,S. & DAVIES, J.C. (1978), Factors affecting populations of gram pod
borer, Hellothis armigera (Hibner) (Lepidoptera, Noctuidae) in the period 1974-77 at Patancheru
(Andhra Pradesh),* Bulletin of Entomology, 19: 52-64, I[En, en,] *Paper presented at the
Workshop on the population ecology in relation to insects of economic importance, University of
Agricultural Sciences, Bangalore (India), January 18-20, 1978,

Weekly totals of male and female H, armlgera and thelr sex ratio at light trap In Patancheru,
1975-6, are given, Three peaks found per year, high numbers caught in November and December
1977, Evidence of possible migration Is given,

009 BHATNAGAR, V,S. & DAVIES, J,C. (1978a), Cropping Systems Entomology, annual report
1975-76, Hyderabad, International Crops Research Institute for the Semi-Arid Troplcs, i +
56pp. IEn,}

Monthly total |ight trap catches of H. ammigera at the [CRISAT centre, 1974-6, are given,
Posltive relationshlip with lunar cycles giving lowest catch at full moon, Three peaks of moth
numbers were recorded, in mid-September, mid November and a very high peak in March/April
1974-5, Trap catches found to be lower away from crops. Light trap data for Patancheru, October
1975 - January 1976, in relation to mean egg and larval numbers on intercropped pigeonpea, moon
phase and rainfall are also shown, A peak was recorded in the latter half of December,

010 BHATNAGAR, V,S. & DAVIES, J.C. (1978b), Cropping Entomology, annual report 1976-77.
Hyderabad, International Crops Research Institute for the Seml-Arid Tropics, ii + 11 pp. [En.]

Light trap records of H, armigera at 2 locations, ICRISAT Center, for October-January 1976/77
are glven In relation to egg and larval counts on intercropped plgeonpea., Also, records from a
third trap for August 1974 - May 1977 at the ICRISAT Center are plotted. Peaks occurred In
September/October, November/December and April/May,



011 BHATNAGAR, V.S, & DAVIES, J.C, (1978c). Cropping Entomology, annual report 1977-78,
Hyderabad, International Crops Research Institute for The Semi-Arid Troplics, (ICRISAT Cropping
Entomology [Departmentall Progress Report no 1,) i1 + 30 pp. [En.]

Yearly Ilght trap counts of H. ammlgera for 1974-78 at ICRISAT Center with hourly details for
6-12 December 1977 are glven, An Influx of 25,959 moths was recorded during December 1977, when
It was suspected that weather conditlons favoured migratlion of moths from elsewhere, Of all the
females trapped In 1977, 80% were caught in the December period, the vast majority belng
virgin, An earller Indicatlon of a suspected migration was observed on November 14th when 894
moths were caught, Data from f(ight traps also glven for a six-month perlod relating moth
numbers to flower, egg and larval counts on pigeon pea,

012 BHATNAGAR, V.S, & DAVIES, J.C., (1980), Annual report, Cropping Entomology 1978-79,
Patancheru, Andhra Pradesh, India; International Crop Research Institute for the SemlI-Arid
Tropics, (ICRISAT Croppling Entomology [Departmentall Progress Report no, 4,) 20 pp. [En,]

H. armigera records from 1 light trap at the ICRISAT Center during 1978-79 show that of 4,839
moths caught, 58% were female, Forty percent of the total catch, 46§ of which were virgin, were
trapped In December when It Is suspected weather conditions favour influx from elsewhere,
Catches for 1977 and 1978 are compared, the 1978 December peak being 14 times higher than In
1977, Catches from virgin female traps are also compared with light trap catches,

013 BHATNAGAR, V.S, & DAVIES, J,C, (1981), Entomological studies In Intercropped pigeon
pea systems at ICRISAT Center: future developments and collaborative research needs, pp 341-347
In: Kumble, V. (ed.), Proceedings of the International Workshop on Pigeonpeas, ICRISAT Center,
Patacheru, |India, 15-19 December 1980 Volume 2, Patancheru, Andhra Pradesh, India;
International Crops Research Institute for the Seml-Arid Tropics. [En, en,]

Discusses a presumed wlnter Immigration of Heliothis In some seasons into parasite study areas
causing a disequillbrium with the native paraslitic fauna,

014 BLATHWAYT, C.S.H., (1975), Migrant moths iIn South Cornwall In August 1974,
Entomologist's Record and Journal of Varlatlon, 87(2): 58, [En,]

Record of one H, armlgera near Downderry on 15th August,

015 BOGUSH, P.P, (1938), Some results of a study of linsects by means of Ilight traps in
central Asia, Bulletln of Entomologlcal Research, 27: 377-380, [En,]

Observation of H. ammigera at |ight In Balram-All, Turkmenistan, In 1932,

016 BOURDOUXHE, L, (1980), Study of changes I[n Heliothls armigera flights with synthetic
pheromone traps in Senegal, FAQ Plant Protection Bulletin, 28(3): 107-109, [En, en,]

Indicates activity of H. ammigera throughout year in Cape Verde reglon by means of trap
catches, Most active during February=April dry season with peaks In mid-February and end of
March, During ralny season, mid-August-December, it dlIsappeared, due +to migration of
populations to the cotton-producing areas of Inland Senegal where crop is grown during
July-November ralny season,

-3 -



017 BOWDEN, J. (1970), Phenclogical analysis of African light-trap catches, Report of the
Rothamsted Experimental Station, 1969 (1):241, [En,]

Unusually large catches of H, armigera on 5 and 6 January 1962 In Uganda In connection with
unusual easterly Incurslon of mass of Congo alr extending as far as western Kenya,

018 BOWDEN, J, (1973), Migration of pests In the troplcs, Mededellngen van de Facultelt
Land bouwwetenschappen Ri jksuniversiteit Gent, 38(3) part 1: 785-796, [En, en,]

Relates activity of Inter-Tropical Convergence Zone with migration of pests Including
H. ammigera. Suggests connectlions between Hellothls on malze and cotton iIn East Africa and
subsequent appearance In the cotton of the Sudan Gezlra, The transport system which Hellothls
appears to use moves regularly every year between the two areas,

019 BOWDEN, J, & CHURCH, B,M, (1973), The Influence of moonlight on catches of Insects In
lIght-traps In Africa, Part Il, The effect of moon phase on Iight-trap catches, Bulletin of
Entomologlcal Research, 63: 129-142, [En, en,]

Correllates trap catches at Kawanda (Uganda) and Kwadaso (Ghana) wlth moonllght over a two year
perlod, Changes In Hellothis catches with slze of moon, and Implles they are affected by
I'1lumination mostly In the second half of the night,

020 BOWDEN, J, & GIBBS, D.G, (1973), Light-trap and suctlon-trap catches of Insects in the
northern Gezlra, Sudan, In the season of southward movement of the Inter-Tropical Front,
Bulletln of Entomologlcal Research, 62: 571-596, [En, en,]

Trapping at Quwel, 50 mlles south of Khartoum, was carrled out from October to December during
the perlod when movement of Insects to cotton from other components of the Gezlra rotation
colncided wlth passage over the area of the Inter-Tropical Front, LIght trapping conflrmed
earller observations that H, armlgera catches are very low when cotton Is developing,
September-December,

021 BOWDEN, J, & JOHNSON, C.G, (1976), Migrating and other terrestrial Insects at sea., pp.
97-117 In: Cheng, L., (ed.) Marine Insects, Amsterdam, North Holland, xIl + 581 pp, [En,]

Close assoclation between arrival of H, armlgera on Ascenslion Island and movement of frontal
systems from south western Africa out over the Atlantlc,

022 BOWDEN, J, & MORRIS, M.G. (1975), The Influence of moonlight on catches of Insects In
IIght traps In Africa, |ll. The effective radlus of a mercury-vapour |light-trap and the
analysis of catches using effective radius, Bulletin of Entomological Research, 65:
303-348, [En, en,!

H. armigera was not very common In traps at Kawanda, Uganda. The catch curve shows a specles
flylng very late at night with little If any activity before midnight, There does not appear to
be a photo-periodic response but there may be some Increase in activity and/or numbers In
moon |t perlods,



023 BRADER, L.M.,, BRADER, L,, DELALANDE, P, & ATGER, P, (1968), Quatre années
d'observations aux pidges lumineux en culture cotonnidre au Tchad, [Four years of observations
on light traps In cotton growing In Chad,] Coton et Fibres Troplcales, 25(4): 469-475, [Fr,
en, es, English verslon avallable,]

Light. trappng data for 1965-1967 Indicates that H, armigera dlisperses throughout a host fleld,
Catches Indicate that males and females are In equal numbers before mldnight but that males

predominate after midnight,

024 BRADER-BREUKEL, L.M, (1970), Lutte contre Diparopsis watersi (Roths,) et Hellothis
armigera (Hb,), Attraction sexuelle et chimlostérilisation, [Control of D, watersi (Roths.) and
H, armigera (Hb,)., Sexual attraction and chemosterilisation,] Coton et Flibres Troplcales.
25(4): 505-508, [Fr, en, fr, es,]

Results showed H, ammigera to be attracted to traps containing virglin females more readily In
the 2 months before September than afterwards, in cotton In Chad,

025 BRETHERTON, R.F., (1982), Lepidoptera immigration to the British Isles, 1969 to 1977,
Proceedings and Transactlons of The British Entomological and Natural HIstory Soclety,
15(3/4): 98~110, [En,]

Records of sixteen H, ammigera and three H, peltlgera In 1969, four H, ammligera in 1970, one
H, armigera and a few H, peltigera larvae In 1971, and two H. peltigera in 1972,

026 BRETHERTON, R,F, & CHALMERS-HUNT, J,M, (1979), The Immigration of Lepldoptera to the
Britlish Isles In 1978, Entomologist's Record and Journal of Varlation, 91(4): 81-91, [En,]

Date and place of capture of 14 H, armmigera and 5 H, peltigera at light traps in the British
Isles In October 1978, Llikely origins and reasons for arrival are discussed,

027 BRIGGS, J. (1970), Some records of migrant lepldoptera In south Westmorland in 1969,
Entomologlst's Record and Journal of Variation, 82(5): 135-136, [En,]

One female H. armigera found on wall near lIght trap two and a half mlles from Sllverdale, Only
second recorded In N,W. England, first by Dr Burkett In Kendal on August 7th 1958,

028 BROWN, G.,R. (1978), Light +trapping of noctuld moths at Rydalmere, New South Wales
[Australial, General and Applied Entomology, 10: 53-56, |En, en,l!

Data for catches of H, armigera, H, punctigera and H. rubrescens between June 1974 and June
1976. Comments on migration of H. punctigera, which was common, and the relatively
non-migratory H, ammlgera, of which only 2 specimens were recorded, Both specles were common
In Windsor 30 km away,




029 CAYROL, R. (1965). Relations existant entre les migrations et le cycle évolutif de
certalnes espéces de Noctuldae (Insectes Lépldopteéres). [Relatlonships existing between the
migration and evolutlonary cycle of certaln Noctuld species.] Compte Rendu Hebdomadalre des
Séances de |'Académie des Sclences, Paris, 260: 5373-75. [Fr, fr.l

H. peltigera among moths recognised to migrate to Great Britaln. Results Indicate that It Is
one of the specles which migrates Instead of undergoing dlapause.

030 CAYROL, R., POITOUT, S. & ANGLADE, P. (1974). Etude comparée des caracteres
blologlques respectifs de quelques espeéces de Noctuidae plurivoltines migrantes et sédentalres.
. Exposé des hypothéses de travall. Orlentatlon des recherches entreprises. [Comparative study
of blological characters pertaining to some multlivoltine migratory and sedentary specles of
Noctuidae. | - Hypothesls of work. Trends of studles.] Annales de Zoologle -~ Ecologfe Animale,
6 (1): 1-10. [Fr, en, fr.l

Relationship between dlapause and migration In nlne specles Including H. armigera and
H. peltigera. States that H. armigera Is exceptlon to the norm In that both dlapause and
migration can occur.

03t CHOI, Ke.M., CHO, E.H., SO, J.S. & HWANG, C.Y. (1975). [Studies on the seasonal
occurrences of the tobacco budworm Hellothls assulta He [sic] (Lepldoptera: Noctuldae), and the
paraslitism ratio of Trichogramma spp. on the eggs.l] Korean Journal of Plant Protection, 14
(3): 137-140. [Ko, en.]

Seasonal fluctuations shown on red peppers In Suweon area of South Korea, data from black-IIght
traps. Populations peaked in late June/mid-July, mid-to late August and in mid-September.

032 CIBA-GEIGY Seminar on the Strategy for Cotton Pest Control In the Sudan Gezlra, 24-26
February 1975, Wad Medan!, Sudan.

See : JOYCE, R.JsVe [21975]
RAINEY, R.C. [21975]
SCHAEFER, G.W. [21975]

033 CIBA-GEIGY Seminar on the Strategy for Cotton Pest Control In the Sudan, 3rd, Basle,
May 8-10, 1978.

See : HACKETT, D.[S.] & GATEHOUSE, A.G. [?1978]
JOYCE, R.J.V. [71978]
TOPPER, C.[P.] [21978]

034 CLASSEY, E.W. (1979). Scarce migrant Lepidoptera In Gloucestershlire and Oxfordshlire,
October, 1978. Entomologlst's Gazette, 30 (1): 72. [En.]

Record of He armigera in England.



035 COMMONWEALTH INSTITUTE OF ENTOMOLOGY. (1951-). Distribution maps of pests. London,
CIE. [Loose leaf blnder; replacement and new maps [ssuede.l [En.!

Map 15: H. armigera, map 262: H. assulta, map 263: H. punctigera.

036 DAVIES, J.C. (1975) Annual Report Entomology, 1974-1975. Hyderabad, International
Crops Research Institute for the Semi-Arld Troplcs. 54 + xvi pp. [En.]

H. armigera was caught In a light trap In every month of the year with peaks In late August/
September, late October/December and a large peak In March. Catches were affected by lunar
cycles, hligher catches being made when no moon. Over the season higher catches were recorded
than are quoted for many other tropical areas.

037 DAVIES, J.C. & LATEEF, S.S. (1975). Insect pests of pligeonpea and chickpea In Indla
and prospects for control. pp 319-331. In: International Workshop on Graln Legumes, January
13-16, 1975, Hyderabad, India. Hyderab;E: International Crops Research Institute for the
Seml-Arld Troplcs. [En.l

Notes that H. armigera Is an active fller and Is suspected of migrating on weather fronts.
Refers to known and marked seasonal fluctuatlons in numbers.

038 DELOBEL, A. & GUTIERREZ, J. (1981). Fluctuations des captures de Iépldoptéres par
plégeage lumineux, au cours d'une année, dans un biotope de Nouvelle - Calédonie. [Fluctuations
In the catches of Lepldoptera In light traps In the course of a year In a blotope In New
Caledonla.) Cahlers ORSTOM, sérle Blologie, 44: 23-34. [Fr, en, fr.l

Three H. armigera conferta caught at light In three nights out of twelve. These were the only
members of the Hellothlnae caught desplte the fact that this and other specles were abundant In
surrounding fields.

039 DRAKE, V.A., HELM, K.F., READSHAW, J.L. & REID, D.G. (1981). Insect migration across
Bass Stralt during spring: a radar study. Bulletin of Entomologlcal Research, T71(3):
449-466. [En, en.]

Insects, Including H. punctigera, were observed to take off at dusk, and local movements from
nearby Islands to Tasmania were recorded on several occaslons. Large-scale southward movements
across the Bass Stralt, orliginating mainly In Victoria and south-eastern South Australia but
also probably westwards, were found to be associated with warm anticyclonlc alrflows occurling
ahead of cold fronts.

040 DUGDALE, J.S. (1969). A note: some records of Australlan Noctuidae In New Zealand. The
New Zealand Entomologist, 4: (2): 13-14. [En.]

Dates of capture of H. punctigera In mercury~vapour |ight traps at Opourl Valley and Ruakura In
1968.



041 EL-SAADANY, G, & ARD-EL-FATTAH, M.l., (1975), On the nocturnal flight activity of some
specles of Lepldoptera |Injurous to cotton In Egypt. Anzelger flir Schadlingskunde,
Pflanzenschutz und Umwe ltschutz, 48: 109-110, [De, en.l

From ultra-violet light trap catches at Shebim El-khoum from July-August 1973 [+ was deduced
that H, armigera Is more active during the first half of the night. Flights decline from
midnight onwards,

042 FOX, K.J., (1969), Recent records of migrant Lepldoptera In Taranakl, The New Zealand
Entomologist, 4(2): 6-10, [En, en,l

Records are given of H, punctigera caught In a mercury vapour light trap at Manaia one mile
inland from South Taranaki coastline, from September 1968 to February 1969, probably blown from
Australia by two months of westerly gales,

043 FOX, K.J. (1970). More records of migrant Lepldoptera In Taranaki and +the South
Island, The New Zealand Entomologlst, 4 (4): 63-66, [En, en,]

Records of H. punctigera at Lake Hawea and Wellington In 1969, Mentlons Inabllity of thls
species to overwinter In New Zealand,

044 FOX, K.J. (1970a), The Lepldoptera of the Egmont Natlonal Park, The New Zsaland
Entomologist, 4 (4): 30-38, [En,]

Record of single catch of H, armigera at 3,000 feet on South Egmont on 16,1,70,

045 FOX, K.J. (1973), Migrant Lepldoptera In New Zealand, 1971-1972, The New Zealand
Entomologlist, 5 (2): 143-146, [En,]

Sixteen H, punctigera recorded; several speclimens taken In October after a week of strong
north-westerly winds, followed later In the season by countrywide records In the absence of
westerlles, Possible Indication of breeding by the spring Immigrants,

046 FOX, K.J. (1973a), Trans-oceanic dispersal of lInsects to New Zealand. The New Zealand
Entomologlist, 5 (3/4): 240-243, {(En,]

Records of H, punctigera between 1968 and 1973, Suggests colonlsation of New Zealand by
He. punctigera possibly due to Introduction of suitable host plants, as It Is appearing In
Increasing numbers In the absence of strong wlnds,

047 FOX, K.J. (1973b), Migrant Lepldoptera In New Zealand 1972-1973, The New Zealand
Entomologist, 5 (3/4): 268-271, [En,]

Records of H, punctigera In Manala and New Plymouth, States that there have been many records
of this moth In Taranakl even In the absence of strong winds; author suspects establlshment of
the specles In New Zealand,



048 FOX, K.J. (1975), Migrant Lepldoptera In New Zealand 1973-1974, The New Zealand
Entomologlist, 6(1): 66-69. [En,]

Records of H, punctigera after north-westerly gales In October 1973. Notes that moths survived
throughout summer,

049 FOX, K,J. (1978), The trans-oceanic migration of Lepldoptera to New Zealand, A hlistory
and a hypothesls on colonlsatlon, The New Zealand Entomologist, 6: 368-380, [En,]

Records H, punctigera as a definlte migrant from Australla, showing numbers knwon to have bred
In New Zealand, 1968-76, Migrations appear to occur after prolonged strong west to north-west
winds,

050 FRENCH, R,A. (1953) Insect migration records, 1952, The Entomologist, 86 (7):
157-164, [En,]

Flfteen H, peltigera recorded in the British Isles In 1952,

051 FRENCH, R,A, (1954) Insect migration records 1953, The Entomologlist, 87: 57-63,
[En,]

Sixteen H, peltigera recorded In the British Isles In 1953,

052 FRENCH, R.A, (1955), Migration records, 1954, The Entomologist, 88: 123-130, [En,]

One H. peltigera and two H, armlgera recorded In the British Isles In 1954,

054 FRENCH, R.A. (1956), Migration records, 1955, The Entomologlst, 89: 139-145 and
174-180, [En,]

Elghteen H, peltigera and two H, ammlgera recorded In the British Isles In 1955,

055 FRENCH, R.A. (1957), Migration records 1956, The Entomologist, 90: 227-238, (En.])

Three H, peltigera and nine H, armigera recorded in the British Isles In 1956,

056 FRENCH, R,A, (1958), Migration records 1957, The Entomologist, 91: 101-109, [En.]

Twenty-one H, peltigera and one H. armigera recorded in the British Isles In 1957,



057 FRENCH, R.A, (1959), Migration records, 1958, The Entomologist, 92: 164-176,
(En,]

One hundred and seven H, peltigera (a record year) and six H, armigera recorded In the British
Isles In 1958,

058 FRENCH, R.A, (1962), Migratlon records, 1959, The Entomologlist, 95: 169-177,
[En, 1

Six H,_peltigera and flve H, armlgera recorded In the British Isles In 1959,

059 FRENCH, R.,A. (1962a), Migration records, 1960, The Entomologlst, 95: 204-211,
[En,]

One H. pelltgera and two H, armligera recorded in the British Isles In 1960,

060 FRENCH, R.A. (1963), MIgration records, 1961, The Entomologlist, 96: 32-38, [En.])

Six He armigera recorded In the British Isles In 1961,

061 FRENCH, R,A, (1964), Migration records, 1962, The Entomologist, 97: 121-128,
[En.]

One H. peltigera and ten H, armigera recorded in the British Isles In 1962,

062 FRENCH, R.,A. (1965) Migration records, 1963, The Entomologlst, 98: 73-77, (En,l

One H, armlgera recorded In the British Isles in 1963,

063 FRENCH, R,A, (1966), MIgration records, 1964, The Entomologist, 99: 233-240,
[En,)

Twenty-six H, peltigera and four H. armigera recorded in the British Isles in 1964,

064 FRENCH, R,A, (1968), Migration records, 1965, The Entomologlst, 101: 156-161,
[En,]

Five H. peltigera and four H, armigera recorded in the British Isles in 1965, Meteorologlical
evldence suggest a wind-assisted passage for the former from the Canary Islands,
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065 FRENCH, R,A, (1971), Migration records, 1966 and 1967, The Entomologlst, 104:
204-217, [En,]

Records one H, peltigera and two H, armigera In the British Isles In 1967; no Hellothis
recorded in 1966,

066 FRENCH, R,A, (1973,) Migration records, 1968, The Entomologlst, 106: 256-263,
[En,)

Seventy H. peltigera and six H, armigera recorded In the British Isles In 1968,

067 FRENCH, R,A, & HURST, G.W, (1969), Moth Immigrations In the British Isles in July
1968, Entomologlst's Gazette, 20: 37-45, [En,!

H, peltigera and H, armlgera recorded in England In June/July 1968 are thought to have been
transported by wind from N,W. Spain or N, Africa.

068 GAGNEPAIN, c. (1974), Quantitative und qualltative Veranderungen einer
Schmetterlingspopulation, beobachtet mit einer Lichtfalle wéahrend aufelnanderfolgender Jahre,
[Quantitative and qualitative varlations in a Leplidopteran population, observed with a light
trap In successive years,] Folla Entomologica Hungarica, 27 (Suppl.): 129-141, (De,]

Catches from Jermy light trap In Yvette river valley, 25 km from Paris, placed 15 m above a
roof terrace on the edge of a declduous forest on a south facing valley slope. H. viriplaca
taken in small numbers and only in certain years between 1965 and 1972,

069 GARDNER, A.F.J. (1977)., Hellothis armigera scarce bordered straw. Entomologlist's
Record and Journal of Variatlon, 89(3): 74, [En,]

Sing le female taken In mercury vapour trap In Charlesete, Warwlick, England on 17th Oct,

070 GASKIN, D.E. (1970), Analysls of Ilight trap catches of Lepldoptera from Palmerston
North, New Zealand In 1966-68, New Zealand Journal of Sclence, 13: 482-499, [En, en,]

Records of mercury vapour trap catches of H, armlgera conferta and note on Increased catch In
1967-68 compared with 1966-67,

071 GASKIN, D.E. (1970a), Migrant Lepldoptera recorded at Palmerston North, New Zealand,
In 1968, The New Zealand Entomologist, 4(3): 111-112, [En,]

Dates of capture of H, punctigera at light trap.
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072 GLEDHILL, J.A. (1982). Progress and problems In Hellothls management in +troplcal
southern Africa. pp 375-384 In: International Crops Research Institute for the Seml-Arid
Troplcs. Proceeding of the International Workshop on Hellothls Management, 15-20 November 1981,
ICRISAT Centre, Patancheru, A.P., India. Patancheru, A.P., Indla; ICRISAT. [En, en, fr.l

Graphlcal comparisons of light trap records of H. armigera at Gatooma, ZImbabws: 1971-72, a
normal year; 1972-73, a drought year; 1975-76, cotton germination unusually late and 1960-81,
an unusual ly wet year.

073 GORYSHIN, Nel. (1958). [The ecological analysls of the seasonal cycle of the
development of the cotton bollworm (Chlorldea obsoleta F.) In the northern areas of I|ts range.l
Sclentlfic Memoirs of Leningrad State University, 240: 3-20. [Ru.]

Catch data of H. armigera (Chl. obsoleta), H. peltigera and H. viriplaca. Connects dispersal,
photoperlod and temperature In a continental climate.

074 GREATHEAD, DeJo & GIRLING, DeJs (1982), Possibllitles for natural enemles In Hellothls
management and the contrlbutlon of the Commonwealth Institute of Blologlcal Control. pp 147-158
In: International Crops Research Instltute for the Seml-Arld Troplcs. Proceedings of the
International Workshop on Hellothls Management, 15-20 November 1981, ICRISAT Center,
Patancheru, A.P., India. Patancheru, A.P., India; ICRISAT. [En, en, fr.l

"H. armlgera and H. zea are known migrants of the northern fringe of thelr ranges but the
degree to whlch they mlgrate elsewhere Is controversial." But H. armigera may be more moblle
than previously thought and possibly a partial migrant throughout Its range. Considers that
where H. armigera Is migrant, blologlcal control may be less easy and the llkellhood of some
natural enemles also migrating should also be explored.

075 HACKETT, D.S. (1980). [Unpublished] Studles on the blology of Helicoverpa armligera
armigera (Hiibner) In the Sudan Gezlra. Ph.D thesls, Unlversity College of North Wales, Bangor.
184 pp [En, en.]

Migratlon not proven In the fleld but I+ Is suggested that H.a. armigera Is an opportunlst
specles. Fllight and reproductive behaviour conslstent with H.a. armigera being a facultatlve
migrant.

076 HACKETT, D.{S.] & GATEHOUSE, A.G. [?1978]l. Laboratory studles on adult flight
behaviour and on pupal dlapause In Hellothis armigera [Hb.}. pp 48-62 In: Thlrd CIBA-GEIGY
Seminar on the Strategy for Cotton Pest Control In the Sudan, Basle, May 8-10, 1978. Basle,
CIBA-GEIGY. [En.l

Records of levels of fllght activity; proposes that dispersal preceeds oviposition and Is
probably due to food shortage at thls time.

077 HACKETT, D+S. & GATEHOUSE, A.G. (1982). Studies on the blology of Hellothls spp. In
Sudan. pp 29-38 In: International Crops Research Institute for +the Semi-Arid Troplcs
Proceedings of the International Workshop on Hellothis Management, 15-20 November 1981, ICRISAT
Center, Patancheru, A.P., Indla. Patancheru, A.P., Indla; ICRISAT. [En, en, fr.l
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Long duratlion fllight appears to be possible In H. armigera females under condlitions which delay
reaching reproductive maturity. Migration and dlapause In H. armigera are thought to be
facultatlve. At the end of the ralny season moth movement Into the Gezlra Is feasible.

078 HAGGIS, M.J. (1981). Spatial and temporal changes In the distributlon of eggs of
Hellothls armigera (Hubner) (Lepidoptera: Noctuldae) on cotton In the Sudan Gezlira. Bul letin of
Entomologlcal Research, 71 (2): 183-193 [En, en.]

Suggestion that redistributlion of moth populations takes place over large dlstances.

079 HARDWICK, D.F. (1965). The corn earworm complex. Memolrs of the Entomologlcal Society
of Canada, 40: 247 pp. [En.]

Reviews earlier records of apparent migration of H. armigera In Europe and South Afrlica.
Suggests that migration may have evolved due to population pressures although some work
suggests a genetic rather than environmental Influence. Large key to |lterature concernlng

Hellcoverpa complex.

080 HARIRI, G. (1982). The problems and prospects of Hellothis management In southwest
Asla. pp 369-373 In: International Crops Research Institute for the Semi-Arid Troplcs.
Proceedings of the International Workshop on Hellothls Management, 15-20 November 1981, ICRISAT
Center, Patancheru, A.P., India. Patancheru, A.P., Indla; ICRISAT. [En, en, fr.l

Reviews evidence for migration of H. armigera, H. viriplaca, H. peltigera and H. nublgera.

081 HASSANEIN, M.H. (1956). Nocturnal activity of Insects as Indicated by [Ight=traps.
Bul letin de la Soclété Entomologlque d'Egypte, 40: 463;479. [En, en.]

Record of sixty H. armigera belng caught In traps at Shebln El-Kom, Egypt In 1952. In 1953
flfty elght were caught. Peak of activity was recorded during April and May.

082 HOU, W.W. & HO, S.W. (1979). [Studles on the phototactic behaviour of nocturnal moths:
change In behaviour during the transformation of compound eyes.] Acta Entomologlca Sinlca,
22 (1): 34-40. [Ch, en.]

Catch data of H. armigera taken In |lght traps durlng llght Intenslity experiments.

083 INTERNATIONAL CROPS RESEARCH INSTITUTE FOR THE SEMI-ARID TROPICS. See also:

BHATNAGAR, V.S. (1980), (1981), (1981a)

BHATNAGAR, V.S. & DAVIES, J.C. (1977), (1978), (1978a), (1978b), (1978¢c), (1980), (1981)
DAVIES, J.C. (1975)

DAVIES, J«Ce & LATEEF, S.S. (1975)
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084 |INTERNATIONAL CROPS RESEARCH [INSTITUTE FOR THE SEMI-ARID TROPICS (1976). Cropping
Entomology. pp 178-187 In: ICRISAT annua!l report 1975-76. Hyderabad, International Crops
Research Instltute for the Semi-Arld Tropics. [En.]

Light trap records compared for H. armigera at ICRISAT Center trap no 1, 1974-75 and 1975-76.
Three peaks of activlty recorded; September, November/December and March/April; connected with
oviposition on plgeonpea/sunflower, chickpea and tomato/malze respectively. More females than
males were taken over the year. In 1975, nearly 50% of the total catch were trapped in April.
Catches were lowest when the moon was full.

085 [INTERNATIONAL CROPS RESEARCH INSTITUTE FOR THE SEMI-ARID TROPICS (1981). Cropping
Entomology, Farming Systems Research Program, Cropplng Systems Subprogram: report of work,
1980-81. Patancheru, Andhra Pradesh, India; International Crops Research Instlitute for the
Seml-Arid Tropicse. (ICRISAT Cropping Systems (Entomology) IDepartmentall Progress. Report, no.
8.) [111 + 50 + [xvili]) ppe. [En.]

Light trap catch records of H. armigera at Vertisol watersheds ICRISAT Center, 1977-81 glven.
Records for 1980/81 at 3 dlfferent locatlons, Patancheru, Hissar & Dharwad show three major
peaks of actlvity. Peaks assocliated wlth pulses were In February/April In Northern India
(HIssar) and October/December at Patancheru and Dharwad. Peak tImes of nightly catches glven
for; sticky traps balted with virgin females (2300 hrs - 0500 hrs), sticky traps with pheromone
rubber septa (1800 - 0500 hrs) and lIght traps (0000 - 0500 hrs).

086 |INTERNATIONAL CROPS RESEARCH INSTITUTE FOR THE SEMI-ARID TROPICS. (1982). Proceedings
of the International Workshop on Heliothis Management, 15-20 November 1981, ICRISAT Center,
Patancheru, A.P., India. Patancheru, A.P., India; ICRISAT. [En.]

See : GLEDHILL, J.A. (1982)
GREATHEAD, D.J. & GIRLING, D.J. (1982)
HACKETT, D.S. & GATEHOUSE, A.G. (1982)
HARIRI, G. (1982)
RAULSTON, J.R. (1982)
RAULSTON, JeR., WOLF, W.W., LINGREN, P.D. & SPARKS, A.N. (1982)

087 JOYCE, R.J.V. (1973). Insect moblllty and the philosophy of crop protection with
reference to the Sudan Gezlra. PANS, 19 (1): 62-70. [En.]

A definite pattern of distribution noted for H. armlgera over thousands of square kllometres
possibly determined by transport and concentration by major windfields Including the Inter
Troplical Front.

088 JOYCE, R.J.V. [21975] The Implications *to control strategy of the observed flight
actlvity of pest specles In the Sudan Gezlra. 15 pp In: CIBA-GEIGY Semlnar on the Sirategy for
Cotton Pest Control In the Sudan Gezira, [?1st], 24-26 February, 1975. Wad Medan!, Sudan. Wad
Medanl!, Sudan, CIBA-GEIGY. [En.!
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Hellothls moths' strong fllght indicated by observations of day and night 'short' movements.
Total adult population evacuates crop flelds, used for daytime cover, soon after sunset.
DIstances given for possible movements In various wind directions and concludes that movements
and areas of immlgration determined primarily by winds In which moths fly. Mass Invaslons from
exterlor probably do not occur but egg count peaks and ftroughs are due to wlndborne
distributlion, any Infestatlons due to concentration of windborne Insects deposited on flelds.
Flight actlivity of Hellothis In Gezlra very much In common with large number of specles that
use the lower 50 m of atmosphere In the early evening.

089 JOYCE, R.J.V. (1976). Insect flight In relatlon to problems of pest control pp.
135-155 1In: Ralney, R.C. (ed.) lInsect flight. Oxford, Blackwell. (Symposia of The Royal
Entomologlcal Soclety of London: number seven.) 287 pp [En.l

Reviews the evidence that the orligins of successlve Invaslons of H. armigera into cotton In the
Sudan Gezira may be local or distant, and the Intenslty lIght or heavy depending on the
wind-systems transporting or condensing them.

090 JOYCE, R.J.V. [21978]. The strategy of cotton pest control In the Sudan Gezlra. pp
85-103 In: Third CIBA-GEIGY Semlnar on the Strategy for Cotton Pest Control In the Sudan,
Basle, May 8-10, 1978. Basle, CIBA-GEIGY. [En, en.l

States that 95% of H. armigera eggs deposlited on cotton are layed by moths orlglnating on other
crops. Important pests of cotton are not only explolters of unstable environments but they also
show a high level of migratory actlvity.

091 JOYCE, Re.J.V. (1982). A critical review of the role of chemlcal pesticides In
Hellothls management. pp 173-188 In: Internatlonal Crops Research Institute for the Semi-Arid
Troplcse. Proceedings of the International Workshop on Hellothls management, 15-20 November
1981, ICRISAT Center, Patancheru, A.P. India. Patancheru, A.P., India; ICRISAT. [En, en, fr.]

States that Hellothls spp. are highly moblle. Avallablllty of food determines actlvity. Where
larvae origlnate from a poor food supply long fllights are recorded whereas shorter fiights are
made by moths orlglnating from good food supplles. Flights In the Sudan Gezlra recorded from
groundnuts to a flowering legume for nectar, then to cotton for oviposition and back to
groundnuts for day-time resting.

092 KAO, W.~t. (1980). Studles on the phototactic behaviour of nocturnal moths: analysis
of the causes of flight towards a lamp. Acta Entomologica Sinlca, 23(4): 369-373. I[Ch,
en.]

Trap catches of H. armligera.
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093 KEHAT, M., GOTHILF, S., DUNKELBLUM, E. & GREENBERG, S. (1980). Fleld evaluation of
female sex pheromone components of the coftton bollworm Hellothis armigera. Entomologla
ExperImentalls et Appllicata, 27(2): 188-193. [En, fr.]

Trapping experiments and comparative records for synethetic and natural pheromones,
May-September, 1978 at Glvat-Brenner, Israel.

094 KEHAT, M., GOTHILF, S., DUNKELBLUM, E. & GREENBERG, S. (1982). Sex pheromone traps as
a means of Improving control programs for the cotton bollworm, Hellothlis armigera (Lepldoptera:
Noctuldae). Environmental Entomology, 11(3): 727-729. [En, en.]

Synthetlc pheromone trap used to monltor adult populations at slIx locations In Israel. Records
of populatlion varlation with months, Aprll to September 1980, and betweeen the dIfferent sltes.
Evidence for migration Into cotton flelds. No effect from moon upon trap count.

095 KETTLEWELL, H.B.D. (1970). Migratory and other captures, Steeple Barton, Oxfordshlre,
1968-69. Entomologlst's Record and Journal of Variatlon, 82(5): 138-140. [En.]

One H. armlgera male taken at mercury vapour lIight trap on 26 May 1969.

096 KEYNAS, K. (1968). Arenostola brevilinea Fenn and Hellothls armigera I[Hb.]l (Lep.,
Noctuldae) found in Finland. Annales En+omol9gjcl Fennicl 34(3): 170-173. [(En.l

One male H. armigera caught at Iight In Southern Finland In September 1967. First record in
this country and a probable Immigrant from south west Soviet Union, carried by alr currents.

097 KIRKPATRICK, TeHs (1961). Queensliand distributlions and host records for Hellothis
specles (Lepldoptera: Noctuldae) Queensland Journal of Agricultural Sclence, 18: 195-202.
[En.]

Maps distribution of H. armigera, H. rubrescens, H. assulta and H. punctigera from larval
counts and llight trap records.

098 KRAVCHENKO, V.D. (1981). Interrelations between fllght to Ilight and mobil!ty In the
cotton bollworm (Hellcoverpa armigera). Zoologlcheskl| Zhurnal, 60 (8): 1267-1269. I[Ru,

en.] SR

Catches made at Azerbaldzhan and Zardobsk i1n USSR In September 1979. Traps two metres above
cotton crop. Data shows difference between male and female activity at this time.

099 KRAVCHENKO, V.D. (1981a) The nocturnal activity of cotton owlet moths (Hellcoverpa
armigeral). Zoologlcheskil Zhurnal, 60(11): 1640-1644. [Ru, en.]

Light and virgin female trap catches In Zardobsk reglon of Azerbaldzau, USSR, August-September
1979.
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100 LASEBIKAN, B,A. (1982), Seasonal distribution and diversity of noctuld moths on the
University of |fe campus. Insect Sclence and its Application, 3(1): 43-47 [En, en,l

Records ten H, assulta and three H, armigera caught in mercury vapour light trap run once a
month from November 1976 to October 1977 at |le-Ife, Nlgeria,

101 LEE, H,Y, & CHOI, C.l., (1975), Population fluctuations of oriental tobacco budworm
(Hellothlis assulta G,) In blackllght traps and fleld control studies, Research Report, Office
of Rural Development Suweon Horticulture and Agricultural Engineering, 17: 25-31, (Ko,
en,l

Records of H, assulta taken between early June and mid-October for three consecutive years In
Korea,

102 LEMPKE, B.J. (1977), Trekvlinders In 1975 [Migratory butterflies In 1975]
Entomologische Berichten, 37(1): 1-5, [N, en.l

One H, ammigera taken on July 10th In the Netherlands, first record since 1962,

103 MORTON, R,, TUART, L,D, & WARDHAUGH, K.G. (1981), The analysis and standardization of
llght=trap catches of Hellothls armigerlal (Hibner) and Heliothls_ punctigerlal Wallengren
(Lepidoptera, Noctuldae)., Bulletin of Entomological Research, 71(2): 207-225, [En, en,]

Analysis of hourly and nightly catches of H, armigera and H, punctigera near cotton In Namol
Yalley, New South Wales iIn relatlon to environmental factors (wind speed, temperature, nlight
length and moonlight), Three discrete periods of abundance of H, armigera but H. punctigera was
abundant only during flrst half of season,

104 MYERS, A.A, (1981), Migrant nocturnal Lepidoptera In Co Cork, 1971-1980, A review,
lrish Naturallsts' Journal, 20 (7): 301-302. [En,l

One H, armigera recorded In Fountainstown In 1978, the first Irlsh record of thils moth,

105 NEL, J.J.C, (1961), The seasonal hlstory of Heliothis ammigera (HGb.,) on lupins In the
south western Cape Province. South African Journal of Agricultural Sclence, 4(4): 575-588,
[En, en, af, fr,.l

Dliscussion of possible migration of H, ammligera 45 miles south from Olifant's River settlement,
where It Is present all year, to Graafwater In the Sandveld In Spring, There may also be
immigration from the south,

106 NOVAK, |, & SPITZER, K, (1972), The relationship between migration and diapause during
phylogeny and ontogeny of some Lepldoptera, Journal of Research on the Lepldoptera, 10 (2)
181-184, [En,]
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Discussion of different kinds of migration-diapause relatlonships placing H. peltigera as
migratory non=-diapause. Populations In Central and Northern Europe are renewed by migrations

every year,

107 oDIY0, P,0., (1977), The use of Iinsect Ilight traps for monltoring changes In the
distribution of crop pests In E., Africa, pp 102-106 In: Lima, C.P.F, De (ed,), Advances In
medical, veterinary and agricultural entomology in eastern Africa. Proceedlngs of the 1st E.A,
Conference on Entomology and Pest Control, December 6-10, 1976, Nalrobl, Kenya, Nalrobi, East
African Literature Bureau, [En.]

Occurrence of H, armigera at light traps at Muguga, Kenya, In 1972, 1974 and 1976, peaking In
May every year,

108 OKU, T, & KOBAYASHI, T, (1978), Migratory behavlors and |ife-cycle of noctuld moths
(Insecta, Lepldoptera) with notes on the recent status of migrant species In northern Japan,
Bul letin of the Tohoku Natlonal Agricultural Experlmental Station, 58: 97-209, [Ja, en.l]

Connectlon between non-diapause and seasonal migration In H, peltigera and H, armigera and rare
occurrences of the latter In Northern Japan due to Immigration from the south,.

109 OTAKE, A, OYAMA, M & HATTORI, I, (1974), A study on Noctuidae captured by Spodoptera
Iltura virgin female traps, Bulletin of the Shikoku Agricultural Experiment Station, 28:
65=74, [En, en, Ja.l

One male and two female H, assulta caught In blacklight traps In July and August respectively
In 1971 In Japan, No Hellothidinae taken In pheromone trap.

110 PAL, S.K. & SACHAN, J.,N, (1979), The relative abundance of photo-positive Insects at
Central Arid Zone Research Institute Farm, Jodhpur (Raj.)., Proceedings of the Indian Natlional
Sclence Academy, B, 44 (1978) (6): 357-363, [En, en,]

Light trap catches In 1971-1972 showed Leplidoptera to be present from Aprli-November in 1971
with peaks during April and August=-September, In 1972, moths were observed throughout the year
with peaks during July-October and April, Noctuids Including H, armigera were the most heavlly
represented but no detalls are glven,

111 PALMQVIST, G, (1981), Intressanta fynd av Macrolepldoptera | Sverige 1980,
[Interesting finds of Macrolepidoptera in Sweden In 1980,] Entomologisk Tidskrift, 102
(2/3): 99-104, [Sv, en,l

List of rare migrants including H. peltigera.
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112 PARSONS, F.S. (1939). |Investigatlions on the cotton bollworm, Hellothis armigera
[Hibn.) (obsoleta, [Fabr.l), Part 1 - The annual march of bollworm Incldence and related
factors. Bulletin of Entomologlcal Research, 30: 321-339. [En, en.]

No evidence of moth mlgrations across the reglons of South Africa.

113 PATIL, B.V., DEVAIAH, M.C. & THONTADARYA, T.S. (1981). Nocturnal activity of some
Important Lepldopterous pests at |lght-traps. Indian Journa! of Ecology, 8 (2): 253-258.
[En, en.]

Studles of H. armigera at Dharwad, Karnataka State, showed the moth to be attracted to lIght In
differing quantities at different periods of the night, the maxImum catch being from 10 pm to
2 am. More males were attracted to the trap from 12 pm to 2 am whereas more females were
trapped from 8-12 pm.

114 PERSSON, B. (1976). Influence of weather and nocturnal I!lumlnation on the activity
and abundance of populations of noctulds (Lepldoptera) In south coastal Queensland. Bul letin of
Entomological Research, 66(1): 33-63. [En.]

Effects of nocturnal Illumination, night temperature and night wind on nocturnal distribution
of H. armigera and H. punctigera over 18 month period. Strong Indication of migration of
H. punctigera in autumn of 1973, moths probably entering the area during nights with wind
convergence caused by the passage of cold fronts.

115 PERSSON, B. (1977). Distrlbutlion of catch In relatlon to emergence of adults In some
noctuld pest specles In south coastal Queensland. Australlan Journal of Zoology, 25 (1):
95-102. [En.]

Not certaln whether H. armigera and H. punctigera are part of local (Samford) noctuid fauna but
strong Indications that moths captured at Samford were caught when they flew Into the area and
did not belong to local populations.

116 POITOUT, S. & BUES, R. (1979). La noctuelle de la tomate (Hellothls ou Hellcoverpa
armigera [Hbn.1). Son cycle évolutif dans le sud de la France. [Tomato frultworm Hellothls
armigera [Hbn.l [Lepldoptera: Noctuldael Its life cycle In southern Francel La Défense des
Végetaux, 195: 12-28. [Fr, fr, en.l

Light trap studles and population surveys of H. armigera In Southern France Indicate probable
migrations Into areas where overwintering Impossible.

117 POITOUT, S., CAYROL, R., CAUSSE, R. & ANGLADE, P. (1974). Déroulement du programme
d'études sur les migrations de Iépldoptéres Noctuldae réallsé en montagne et princlpaux
résultats acquls. [The progress of a programme of studles on the migrations of Noctuld moths
carried out in mountalnous country and the princlipal results obtalned.] Annales de Zoologle
Ecologle et Animale, 6 (4): 585-587. [Fr, en, fr.]
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Migratory flilghts of some specles of Noctuldae have been observed In France since 1968,
H, ammigera & H, peltigera are found In the Pyrenees while the tatter Is also found to a lesser
extent In the Alps.

118 POLTAVSKII, A.N., & RYBIN, S.,N, (1980), [Moths (Leplidoptera, Noctuidae) of Northern
Ossetia,] Entomologicheskoe Obozrenle, 59 (1): 98-106, [(Ru, en,!

H, armlgera and H, Imperialls were caught In light traps during a survey carrled out between
1976 and 1978 In the Caucasus Mts, USSR,

119 POPOV, P, & I0SIFOVA, K, (1978), Studies on Noctuld moths (Noctuldae) by the method of
light attracting. | Species composition, Rasteniev'Dnl Nauki, 15 (8): 131-143, [Ru, en,!

Records catches of H, viriplaca, H. peltigera, H, ammigera, and H. Incarnata for 1969-1975 In
Kostinbrod, Bulgarlia.

120 RAINEY, R.C. [?1975] Hellothls outbreaks In the Sudan Gezlira as Indlcated by egg
Infestations and thelr relationshlp to transport and concentration of alrborne moths In
wind-flelds, 1p In: CIBA-GEIGY Seminar on the Strategy for Cotton Pest Control In the Sudan
Gezlira, [?1st.], 24-26 February 1975, Wad Medan!, Sudan. Wad Medani, Sudan, CIBA-GEIGY, [En,]

Concluslons from egg counts and wind and weather studies suggest that Hellothls Infestations
may be due to serles of dlscrete populations moving within speclflc areas of up to 1000s of
square kil lometres for several days at a time., Successlve days counting data (not shown) display
a close correlation In the majority of cases,

121 RAINEY, R.C. (1976), Flight behaviour and features of the atmospheric environment, pp
75-112 1In: Ralney, R.C., (ed,), lInsect flight, Oxford, Blackwell., (Symposla of the Royal
Entomologlcal Society of London: number seven.) 287 pp [En,]

Indlcation of assoclation of high light=-trap catches of H, armigera with Incursions of westerly
winds Into Nalrobl area, Kenya,

122 RAULSTON, J.R., (Discusslon lIeader,) (1982), Survelllance, forecasting, and modeling of
Hellothis populations, pp 402-404 In: international Crops Research Institute for the Seml-Arid
Troplcs, Proceedlngs of the International Workshop on Hellothis Management, 15-20 November
1981, ICRISAT Center, Patancheru, A.P., Indla, Patancheru, A.P., Indla; ICRISAT. [En.]

States that annual migration of Hellothls in USA conflrmed but there Is less evidence for
long~-range migration In H, amlgera, Discusses technlques used In movement studles.

123 RAULSTON, J.R., WOLF, W.W., LINGREN, P,D, & SPARKS, A.N. (1982), Migration as a factor
in Hellothis Management, pp 61=73 In: International Crops Research Institute for the Seml-Arid
Troplcs, Proceedings of the International Workshop on Hellothls Management, 15-20 November
1981, ICRISAT Center, Patancheru, A.P., India., Patancheru, A.P., Indla; ICRISAT, [En,!
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A review. All the papers consldered are listed In this blbllography. Authors conclude that
although plenty of evidence for long-range movement is avallable, no direct evidence for a
migration from one habltat to another has yet been obtalned.

124 REED, W. (1965). Heliothls armigera (Hb.) (Noctuidae) In western Tanganylka. 1| -
Ecology and natural and chemical control. Bulletin of Entomological Research, 56: 127-140.
[En, en.]

Light trap data for Uklriguru, December 1961-September 1964 show population peaks In April
1962, June 1963 and March 1964.

125 RIVNAY, E. (1962). The African cotton bollworm - Hellothls armligera (Hb.). pp 119-125
In: Rivnay, E., Fleld crop pests In the Near East. The Hague, Junk Publlshers. (Monographlae
Bliologlcae, volume 10) [En.]

States "It Is an established fact which needs no further evidence that H. armigera and
H. peltigera are migrants llke thelr related H. zea In Amerlca"™ and cites as evidence Invasion
of crops on virgin land In the Negev, Israel, by a pest that was never known there before.

126 ROBERTSON, l.AsDe (1977). Records of linsects taken at |lght traps In Tanzania. VIl -
Seasonal changes In catches and effect of the lunar cycle on the adults of several pest specles
of lepldoptera (Leplidoptera: Noctuldae.) London, Centre for Overseas Pest Research.
(Ml scel laneous Report, no. 38.) 11 pp. [En.]

Records of H. armigera taken In light traps correlated with rainfall at six sltes 1963-7. Some
evidence In some areas for migration but not concluslve.

127 ROOME, R.E. (1971). Fleld studies of the blology of Hellothls armigera (Hb.)
(Lepldoptera: Noctuldae) In Botswana. pp 32-46 In: Cotton lInsect control, Proceedings of the
Cotton Insect Control Conference held Blantyre, Malawi, March 24-27, 1971. Thondwe,
Agrlcultural Research Councl| of Malawl. [En, en.l

Robinson |lght trap data for H. armigera and H. scutul igera, August 1968-June 1970.

128 ROOME, R.E. (1972). Annual Report 1971-72. Entomologist: ODA Botswana Dryland Farmlng
Research Scheme. ODA, Botswana Dryland Farming Research Scheme (R. 2420). Report, 1972. London,
Overseas Development Adminlstration. [621 pp. [En.]

Fluctuations of adult Hellothis populations from mercury-vapour |ight trap data, suspected
migratlion, dates of large catches and evidence for migration.

129 ROOME, Re.E. (1973). Oryland Farming Research Scheme. Second Annual Report: 1972-73
Entomology: ODA, Botswana Dryland Farming Research Scheme (R. 2420). Report 1973. Gaborone
Agricultural Research Statlon. 52 pp. [En.]

Analysls of mercury-vapour |ight trap data and Implications for migratlon of H. armigera from
Rhodes|a.
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130 ROOME, R.E. (1974). Dryland Farming Research Scheme: Botswana (ODA Research Scheme
R. 2420) Entomolglical research 1970-1973. Summary report and recommendatlons. London, Overseas
Development Administration. [3] + 20 pp. [En.]

Records of lIght trap catches and ralnfall, 1968-73, comment on adult H. armligera movement and
windse.

131 ROOME, Re.E. (1975). The blology and blologlcal control of Hellothis armigera [Hb.!
(American Bollworm). pp. 19-62 In: Crop protection In Botswana blennlal report 1969-71.
Gaborone, Agricultural Research Station. 112 pp [En.l

Section on climate, adult population changes and larval Infestatlons; also light trap data.

132 ROOME, R.E. (1975a). Actlvity of adult Hellothis armigera (Hb.). (Lepldoptera,
Noctuldae) wlth reference to the flowering of sorghum and malze In Botswana. Bulletin of
Entomological Research, 65 (3): 523-530. [En, en.]

Light-trap and hand net catches for H. armigera in sorghum and malze In 1973,

133 ROOME, R.E. (1975b) The control of Hellothis on subslstence crops in Botswana.
MededelIngen van de Facultelt Landbouwwetenschappen RIjksuniverslteit Gent, 40: 267-282.
[En, en.!

Detalls of adult movements and |Ight +trap catches, 1971-72. Evidence for movement of
He. armigera over very great distances and assoclatlon with Incoming storms. Probable that winds
from Rhodesla and South Africa carried H. armigera Into Botswana.

134 ROOME, R.E. (1976). The blology and blologlcal control of Hellothls armigera [Hb.]
(American Bollworm). p10-111 In: Crop protection In Botswana blennlal report 1971-73. Gaborone,
Agricultural Research Statlon. [En.]

Contalns sectlons concerning climate and adult population changes (Including migratlon and
I Ight trap data). Evidence and dates for suspected H. armigera migratlon.

135 ROTHSCHILD, Ge.H.L. (1978). Attractants for Hellothis armlgera and H. punctigera.
Journal of the Australlan Entomologlcal Society, 17 (4): 389-390 [En.]

Comparlson of |ight trap and sex-attractant trap catches of the two species In New South Wales,
1977

136 ROTHSCHILD, G.HsL., NESBITT, B.F., BEEVOR, P.S., CORK, A., HALL, D.R. & VICKERS, R.A.
(1982). Studies of the female sex pheromone of the natlve budworm, Hellothls punctigerlal.
Entomologla Experimentalls et Applicata, 31(4): 395-401. [En, fr.l

Comparative records of H. punctigera taken at traps contalning different sex attractants,
1978-81, New South Wales, Australia.
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137 SCHAEFER, G.W. [?1975). Radar studles of the flight activity and the effects of
windflelds on the dispersal of Sudan Gezlra Insects. 20 pp + 34 pp tables, flgs, graphs etc.
In: CIBA-GEIGY Semlnar on the Strategy for Cotton Pest Control In the Sudan Gezlra, [?1st]
24-26 February 1975, Wad Medan!, Sudan. Wad Medanl, Sudan, CIBA-GEIGY. [En.!

Informatlon about general moth populations and the effects of the Inter-Troplcal Front upon
thelr dispersal. H. armigera among chlef specles at 1ight trap (data presented) but not proven
to be In the radar echoes. Comments about probabllity of migration and strong flight In this
mothe.

138 SCHAEFER, G.W. (1976). Radar observatlons of Insect flight. pp. 157-197 In: Ralney,
R.C., (ed.), Insect fllght. Oxford, Blackwell. (Symposla of the Royal Entomologlical Soclety of
London: number seven.) 287 pp [En.]

Mentlons sightings of H. armigera taklng off in plumes and rising to 150-200 m before
diffusing, In Sudan Gezlra.

139 SINGH, He & SINGH, G. (1975). Biologlcal studies on Hellothls armigera In the Punjab
Indla. Indlan Journal of Entomology, 37(2): 154-164. [En, en.]

Light trap catches over a year showed a peak In April with a smaller one In August.

140 TALHOUK, A.M.S. (1969). Insects and mites Injurious to crops In Middle Eastern
countries. Monographlen zur Angewandte Entomologle, 21: 239 pp. [En.]

States that H. armigera (pp 192-3) Is known to be migrant. The moth may fly to the Eastern
Mediterranean from the warmer parts of Afrlca.

141 TAYLOR, J.S. (1932). Notes on the Amerlcan bollworm (Helliothis obsoleta, [Fabr.1) on
cotton, and on Its parasite Microbracon brevicornls Wesm. South Africa Department of
Agricultural Sclence Bulletin, 113: 1-10. [En.]

Has been found to be very difficult to obtaln definlte proof of long-distance migrations of
H. armligera (H. obsoleta) In South Africa, but evidence for migration over shorter dlstances
eg. of about three quarters of a mlle.

142 TAYLOR, L.R. & BROWN, E.S. (1972). Effects of |IIght=trap design and {llumination on
samples of moths In the Kenya highlands. Bulletin of Entomologlical Research, 62: 91-112,
[En, en.]

Records of H. armigera taken In three dlfferent traps at Muguga, Kenya In 1968.

143 TOPPER, C.[P.] 1[?1978). The Incidence of Hellothis armigera larvae and adults on
groundnuts (and sorghum) and the prediction of ovipositlon on cotton. pp 17-33 In: Third
CIBA-GEIGY Semlnar on the Strategy for Cotton Pest Control in the Sudan, Basle, May 8-10, 1978.
Basle, CIBA-GEIGY. [En.]}
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Black=-light trap records of night-time ovipositing females and daytime preoviposition females
August=October 1977, Moths probably migrate from groundnuts to cotton In Sudan Gezira,

144 TOPPER, C.P. (1981), The behaviour and population dynamics of Hellothis armigera (Hb,)
(Lepidoptera, Noctuidae) In the Sudan Gezira. Volume 1, Ph.,D, thesis, Cranfleld Institute of
Technology, Ecologlcal Physics Research Group, 300 pp. [En, en,]

Studies carried out In the Sudan Gezlra (1975-8) failed to show any long distance movement by
H, armmigera, Moths did not leave the boundary layer In signiflcant numbers and therefore could
only undergo limited distribution, LIight traps operated at canopy height and 15 m above that
level showed I|Ittle activity at 15 m, Alrcraft sampling over the Gezlra falled to catch any
H. armigera except in 1977 when two were caught. Monthly Inter-crop movements shown for
groundnut, sorghum and cotton,

145 VAISHAMPAYAN, S.M, (1980), Seasonal abundance and actlvity of gram pod borer moths
Hellcoverpa (Hellothlis) armlgera (Hibner) on light trap equlpped wlith mercury vapour lamp at
Jabalpur, indlan Journal of Ecology, 7 (1): 147-154, [En, en,]

Studles In the perlod June 1974 to May 1978 showed H, armigera to be most active between
January and May and least active between June and October. Increased actlivity occured In
November especlally In years sulted to pest development, Monthly light trap results and weekly
distributions are glven, sudden peaks In March, April and May Indicating elther long distance
migration or delayed emergence due to diapause within the population,

146 VERMEULEN, J,B, (1973), The occurrence and abundance of Hellothls assulta afra
(Hardwick) 1In llght traps In South Africa (Lepldoptera: Noctuldae), Journal of the
Entomologlcal Society of Southern Africa, 36 (2): 309-310. [En.l

Records of H. assulta afra at 11 sites In the Transvaal and one In Natal In 197i-2, Comments on
more common and easlly confused H, armigera. H. assulta afra was most abundant In December-

April,

147 VERMEULEN, J.B, (1976)., [Unpublished] Aspects of the ecology of Hellothls ammlgera
(Hibner) In South Africa based on light trap catches. Ph.D thesis, Unlversity of Pretorla, Ix +
395 pp. [En, en.]

Light trap records of H, armigera at several sites In South Africa, 1970-74, Records also of
H. assulta afra and H, xanthiata, Sudden population Increases and decreases could not be
accounted for from temperature and rainfall data, Evidence sought for migration but no dlrect
evidence found although Indlcation that large scale weather dlisturbances may Influence slze of
catch,

148 VERMEULEN, J.B, & CATLING, H.D, (1980), Establishment of a grid of light=traps In
South Afrlca and some preliminary results for the Noctuldae, Phytophylactlica, 12 (2):
31-43, [En, en, af, fr,]

Detalls of light trap grid and monthly mean catches of H, armlgera, 1970-72, at all six sites,
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149 WARDHAUGH, K,G,, ROOM, P,M, & GREENUP, L.R. (1980), The Incidence of Helliothls
amligera (Hiibner) and H, punctigera Wallengren (Lepidoptera: Noctuidae) on cotton and other
host=plants In the Namol Valley of New South Wales, Bulletin of Entomological Research, 70:
113-131, [En, en,l

Four years of |light trap data presented, 1974-8, No evidence for regular patterns of
large~scale seasonal movements,

150 WILSON, A.G,L, (71982] Past and future Hellothls management in Australla. [Narrabri,
Australla, Commonwealth Sclentific and Industrial Research Organisation Division of Plant
Industry, Cotton Research Unit.l 21 pp, [En.]

Discusses migratory habit of H, punctigera; states that H, armigera is a more sedentary pest In
Australla although Intercrop movements are thought to occur,

151 WILTSHIRE, E.,P, (1957). The Lepidoptera of lraq. London, Nicholas Kaye, 162 + 36 pp
[En.]

Describes populations of H, viriplaca, H, peltigera, H, nublgera and H, armigera. H. viriplaca
may be migratory whllst H, peltigera and H, nublgera are definltely so,

152 YATHOM, S, (1971), Distribution and flight period of HellothidInae specles In Israel
in 1959=-69, |Israel Journal of Agricultural Research, 21 (2): 51-61. [En,]

Four specles of Hellothls were caught at light-traps In four reglions of Israel, Marked
f luctuations In populations of H, peltigera within and between years suygest migration and
Invaslon from outslide. H, nubigera Is a known migrant, probably Invading Israel annually from a
breading centre In the south, The yearly increases In H, ammligera populations appear to be of
local orlgin, H, viriplaca is a local resident, No evidence of It belng a migrant or partly
migratory,
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NEW WORLD

153 ANONYMOUS. (1975). The moths that went to sea. Agrlicultural Research, 24 (1):
12-13. [En.!

Review and discusslon of Sparks, A.N., Jackson, R.D. & Allen, C.L. (1975).

154 BAUST, J.G., BENTON, A.H. & AUMANN, G.D. (1981). The Influence of off-shore platforms
on fnsect dlispersal and migration. Bulletin-Entomologlcal Soclety of Amerlica, 27 (1):
23-25. [Ene.]

Thirteen H. virescens were taken In a random collectlon on an oll platform In the Gulf of
Mexlco, 160 km south-south east of Galveston, Texas, on October 1-2 1978. Sample only 0.1% of
total number on platform. Platforms in thls area are brightly IIt and at a denslty of about one
per six-square mlles. It is suggested that the offshore platform complex may serve as an Insect
migration route offering "rest stops" and sources of fresh water. |t may also act as a new mode
of introduction of non-natlive species Into the continental U.S., providing a chaln which
facllltates Insect movement.

155 BECKHAM, C.M. (1970). Seasonal abundance of Hellothls spp. In the Georgla Pledmont.
Journal of the Georgla Entomological Soclety, 5: 138-142 [En, en.]

Monthly results of Iight trap studies In Spalding County durlng 1965-1969 for H. zea and
He. virescens.

156 BEIRNE, B.P. (1971). Pest Insects of annual crop plants In Canada. |. Lepldoptera, ||
Diptera, 11l Coleoptera. Memolrs of the Entomological Society of Canada, no. 78: 124 pp. [En.]

States that H. zea Is a strong flying Immigrant from the south. Moth flights Into Nova Scotla
have been encouraged by a hurrlicane and by an unusual preponderance of southerly winds In
Ju'y.

157 BIRD, R.D. (1937)« Records of northward migration of southern Insects durling drought
years. Canadian Entomologlst, 69 (5): 119-120. [En.)

An unusual number of He zea recorded near Brandon, Manltoba, In 1934.

158 BLANCHARD, R.A. (1942). Hlbernation of the corn earworm In the Central and
Northeastern parts of the United States. United States Department of Agrlculture, Technlcal
Bul letin, no. 838: 13 pp. [En, en.]

Clrcumstantial evidence suggests migratlons of H. zea Into the North Central States In years
when southern crops were effected by drought - eg. 1936. Lack of survlval In hlbernation
experiments In the north suggests that most bollworms, both small annual populations and
occaslonal large infestations, are due to Immlgrations governed by conditlons In the southern
states.
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159 CALLAHAN, P.S., SPARKS, A.N., SNOW, J.W. & COPELAND, W.W. (1972). Corn earworm moth:
vertical dlistribution In nocturnal fllight. Environmental Entomology, 1 (4): 497-503. [En,
en.!

Short review of Insect dispersal and catches by aerop!ane. Blackllght traps placed at varilous
polnts on a television tower, In Georgla, between 25 and 1047 feet, only vislble from above,
collected insects between August 4 and November 9, 1967 and 1968. H. zea constituted over half
the catch up to 1047 ft+. It is Inferred that the moths were taking part In a mass migration In
the warm winds from Florida and across Georgla.

160 COCKERELL, TeDeAs (1914). The cotton-worm moth In Colorado. Journal of Economlic
Entomology, 7: 405. [En.]

Migratory flight Indicated by a large Influx of H. zea to electric Ilights In Boulder on
September 21, 1914. Moths thought to have orliginated at least 500 miles away.

161 COCKERELL, T.D.Ae (1919). On the absence of Insect pests In certaln locallties and on
certaln plants. Journal of Economic Entomology, 12: 345-347. [En.!

States that H. zea migrates to Boulder, Colorado, from the south In the |ate summer.

162 COMMONWEALTH INSTITUTE OF ENTOMOLOGY. (1951-). Distribution maps of pests. London,
CIE. [Loose leaf binder; replacement and new maps Issued.] [(En.]

Map 238: H. virescens, map 239: H. zea.

163 FELT, E.P. (1925). The dissemlnation of Insects by alr currents. Journal of Economlc
Entomology, 18: 152-158. [En, en.]

Discusses reasons, Including drifting on prevaillng southerly or southwesterly winds, for
H. zea appearing In southern Canada when overwlntering probably does not occur north of
southern Pennsylvanla.

164 FELT, E.P. (1928). Dispersal of insects by alr currents. New York State Museum
Bul letin, 274: 59~129. [En.]

Suggests northward movement of H. zea undertaken by a few Indlviduals which oviposit and
produce new generations en route. The short [Ife cycle leads to a quick serious [nfestation In
northern United States and southern Canada, further north than thelr overwintering limit of
southern Pennsylvanla.
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165 GENTRY, C.R,, DICKERSON, JR., W.A. & STANLEY, J.M. (1971): Populations and mating of
adult tobacco budworms and corn earworms In northwest Florida Indlcated by traps. Journal of
Economlc Entomology, 64 (1): 335=-338 [En,]

Light trap records showlng seasonal peaks of H. vlrescens and H. zea populations whlch occurred
several times each year, always after tobacco harvest and stalk destruction,

166 GLICK, P,A., (1939), The distribution of Insects, splders, and mites In +the alr, Unlited
States Department of Agriculture Technlcal bulletin, no, 673: 150 pp, [En, en,]

Record of one H. zea captured at 500 feet at night,

167 GLICK, P,A. (1965), Review of collections of Lepldoptera by alrplane, Journal of the
Lepldopterists! Soclety, 19 (3): 129-137. [En, en.]

One H, zea caught at 500 feet above Loulslana,

168 GLICK, P,A, & GRAHAM, H,M, (1965), Seasonal |Ilight=-trap collections of lepldopterous
cotton Insects In South Texas, Journal of Economlc Entomology, 58 (5): 880-882, [En, en.l

Studies of H, virescens and H, zea populatlions In the Rlo Grande valley, Texas, were carried
out from 1959 to 1963, H, virescens reached peak abundance In August during most years whlle
H, zea peaked a month earller,

169 HAILE, D,G., SNOW, J.W. & YOUNG, J.,R, (1975), Movement by adult Hellothis released on
St, Croix to other istands, Environmental Entomology, 4 (2): 225-226, [En, en,]

Marked and sterillzed adult H, vlirescens and H. zea were released on St, Crolx In 1972, Virgin
female traps were operated on the Islands of St. Thomas and Vieques, 38 miles NNW and 42 mlles
NW of St, Crolx respectively, On Vieques, 18 out of 260 H., virescens and 2 of 5 H, zea taken
were marked, and on St, Thomas 5 of 223 H, virescens were also marked, On Vieques 4 marked
He. virescens eggs were found, Thus, St, Croix Is not as Isolated from Insect movements as was
expected,

170 HARDWICK, D,F. (1965), The corn earworm complex, Memolirs of the Entomological Soclety
of Canada, 40: 247 pp. [En.]

Review of evidence for Hellothls migration, including seasonal northerly movements of H. zea.
Suggests that migration may have evolved due to population pressures although some work
suggests a genetlc rather than environmental Influence, Large key to Ilterature concerning

He |l coverpa complex,
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171 HARTSTACK, A.W., LOPEZ, J,D,, MULLER, R,A,, STERLING, W.L., KING, E.G., WITZ, J.,A. &
EVERSULL, A.C. (1982), Evidence of long range migration of Hellothis zea (Boddie) Into Texas
and Arkansas, The Southwestern Entomologlst, 7: (4): 188<201, (En, en,!

Evidence Is presented, using pheromone trap data, for mass migration of H, zea from Mexlco or
southern Texas to College Station, Texas and Portland, Arkansas between 26 March and 8 April
1981, During the same period, no evidence was obtalned for a camparable migration of
H. virescens, Atmospheric opportunities for the transport of H. zea prevalled a large
percentage of the time during the early season,

172 HENDRICKS, D.E,, GRAHAM, H.,M, & RAULSTON, J,R, (1973), Dlspersal of sterile tobacco
budworms from release polnts In northeastern Mexico and southern Texas, Envlronmental
Entomology, 2 (6): 1085-1088, [En, en,]

Marked and sterillzed adult H, virescens were released from two sites; 20 mlles east of San
Fernando (90 mlles south of Brownsvllle, Texas) from Feb, 16 to June 16, 1971, and 18 mlles
north northwest of Brownsvlille, from June 18 to Nov, 2, Virgin female traps set at known
distances at cardinal compass directlons, collected marked moths, In Mexico male moths
dispersed 10 miles north In 24 hours whereas In Texas they moved up fo 70 miles In 4 to 5 days.
Wind direction did not appear to have a consistent effect upon adult dispersal and the presence
of major areas of cultivated crop caused only high densities of local not marked moths,

173 HENNEBERRY, T. (Discussion chairman) (1979), || Pest management, pp. 199-203 1In:
Yaughn, C.R,, Wolf, W, & Klassen, W. (eds,) Radar, lInsect population ecology and pest
management, Wallops Island, Virginla, Natlional Aeronautics and Space Adminlistration (NASA
Conference Publication, 2070), (Proceedings of a workshop jointly sponsored by the National
Aeronautics and Space Administration and U.S. Department of Agriculture, Sclence and Education
Administration, held at Wallops Flight Center, May 2-4, 1978,) [En.]

H, zea and H, virescens overwinter as dilapausing pupae throughout southern U,S., and as
continuous generations In southern Florida and Texas, and certain western states. Active spring
and summer generations migrate to agronomic crops,

174 KENNEDY, J,S. & WAY, M.J, (1979), Summing up the conference, pp 446-456, In: Rabb,
R.L. & Kennedy, G,G, (eds,) Movement of highly mobile Insects: concepts and methodology In
research, Ralelgh, N.C.,, North Carolina State University, (Proceedings of a Conference,
"Movement of Selected Speclies of Lepidoptera In the Southeastern United States", Raleigh, North
Carollna, April 9-11, 1979,) [En.]

Summarizes papers by: Philllps, J.,R, (1979), Raulston, J,R, (1979) and Sparks, A.N, (1979),

175 KNIPLING, E.F., (1979). Strategic and tactical use of movement Information In pest
management, pp., 41-57, In: Yaughn, C,R., Wolf, W, & Klassen, W, (eds.) Radar, Insect population
ecology and pest management, Wallops |Island, Virginla, National Aeronautics and Space
Administration (NASA Conference Publication, 2070), (Proceedings of a workshop Jolntly
sponsored by the Natlonal Aeronautics and Space Adminlstration and U,S., Department of
Agrilculture, Sclence and Education Adminlstratlion, held at Wallops Flight Center, May 2-4,
1978,) IEn.l
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The significance of northerly migrations of H. zea In the USA during the warmer months Is
discussed, and Justification glven for the management of Heliothls on a reglonal or national
scale because of Its migratory behavliour.

176 KOGAN, J., SELL, D.K,, STINNER, R,E., BRADLEY, J.R, & KOGAN, M, (1978). The lIlterature
of arthropods assoclated with soybean, V A bibliography of Hellothls zea (Boddie) and
H. virescens (F.,) (Lepidoptera: Noctuldae)., Urbana, |llinois, University of Illinois at Urbana
- Champalgn, College of Agriculture, International Soybean Program (INTSOY Serles No, 17).
242 pp [En.)

5178 references to Hellothis spp. Including behaviour, population studies, host records and
distribution,

177 LASTER, M.,L, & SMITH, J,W. (1982), Studies to estimate the density of the Helliothis
virescens overwintered population and to determine the dispersal and response to pheromone
traps of the natural and released Insects, pp 195-197 In: Brown, J.M, (ed,) Proceedings,
Be Itwide Cotton Production Research Conferences 1982, January 3-7 1982, Las Vegas, Nevada,
Memphis, National Cotton Counci| of Amerlca, vI + 302 pp, [En,l

Hs virescens moths, marked as larvae and carrying the male sterllity tralt, were released In a
20 mile square grid In the central Delta of Misslissippl centred around Washington County, 136
pheromone cone traps were used to recapture moths until none was left In the population, Of
released moths, 1,8% were recaptured, most were randomly distributed within a 1.75 mile radius
but some moths were taken up to 20 mlles from the release site.

178 LINGREN, P,D, & WOLF, W.,W. (1982), Nocturnal activity of the tobacco budworm and other
Insects. pp 211-228 in: Hatfleld, J.L. & Thomason, |.J, (eds.) Biometeorology in integrated
pest management, London, Academic Press, (Proceedings of a Conference on Blometeorology and
Integrated Pest Management held at the University of Callfornia, Davis, July 15-17, 1980,)
491 pp, [En,]

Early evening take-off of H, virescens observed In Arlzona with most moths In the air after the
flrst hour after sunset, Most activity within 16 m of the ground but seen up to 50 m from
ground level, Plumes of moths seen taking off together on radar,

179 LOPEZ, JR., J.D., HARTSTACK, JR., A.W., WITZ, J,A., & HOLLINGSWORTH, J.P, (1979).
Recovery In blacklight traps of marked bollworms released In a multiple cropped area. The
Southwestern Entomologist, 4 (1): 40-52, {En, en, es,!

Dispersal experiments carried out in Texas with marked H, zea showed that 7,8% of males and
6.7% of females were recaptured by blacklight traps in a 20 hectare corn/sorghum/cotton field,
Elghty percent of these were taken wlthin two nights of release showing that the moths elther
dispersed away within that perlod or did not survive,

180 MANGAT, B.S, (1976), Moth activity of Hellothis zea (Boddie) In Wisconsin
(Lepldoptera: Noctuidae)., Journal of the Tennessee Academy of Science, 5t (3): 112=113,
[En, en.]
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Blacklight trap batches of H, zea at Arlington, Wisconsin, 1961-64, showed moths to appear In
the last week of August, or first week of September, Two adults were taken in July 1964, This
uniform flight periodicity suggests that the moths emerge from a local population but the
possiblllty of migration from the south is under fnvestigation,

181 PHILLIPS, J.R., (1979), Migration of the boliworm, Hellothls zea (Boddie), pp 409-411
in: Rabb, R,L, & Kennedy, G,G,, (eds,), Movement of highly mobile Insects: concepts and
methodology In research, Raleigh, N.C, North Carolina State Unlversity, (Proceedings of a
Conference, "Movement of Selected Specles of Lepldoptera In the Southeastern Unlted States",
Ralelgh, North Carolina, April 9-11, 1979) [En,]

Short review of some evidence for Hellothls spp. migration, Since 1972 it has not been
possible to detect any Indication of large Immigrating flights Into Arkansas, |f emigration and
Immigration has occurred, 1t has done so wlithout any net effect on seasonal population
dynamics,

182 PHILLIPS, J.R,, LINCOLN, C., & HOLLOWAY, R.L. (1968), Movements of adult boliworms In
Arkansas, Arkansas Farm Research, 17 (4): 2, [En,]

Migrations of H, zea suspected to occur Into south Arkansas up to July, Shown by the light
colouration of some moths' wings from March to July, an Indication of emergence from dlapause,
whlist those from August to September were all dark winged, A llght trap study and larval count
of 20 square miles of Jefferson Communlity, Desha County, showed there to be an Insufficlent
population during May and June to account for the July outbreaks,

183 PROSHOLD, F.l, & SMITH, J,W, (1982), The potential for hybrid sterillty in Hellothls
virescens management, pp 182-184 In: Brown, J.M, (ed,), Proceedings, Beltwide Cotton Production
Research Conferences 1982, January 3~7 1982, Las VYegas, Nevada. Memphis, Natlonal Cotton
Council of America, vl + 302 pp. [En,]

Sterile backcross male progeny of female crosses between H, virescens and H, subflexa were
released on St, Crolx In recapture experiments, Nearly 60f of males recaptured were trapped
within half a mlle of the release site and another 24% within the next half mile., No male moths
were recaptured beyond ten miles of the release slte.

184 QUAINTANCE, A.L, & BRUES, C.,T., (1905), The cotton bollworm, Unlted States Depariment
of Agriculture, Bureau of Entomology Bulletin, No 50: 155 pp. Washington, Government Printing
Offlice, [En,)

Description of nilght habits Indicating movement of moths over several acres In one hour, Also
notes that moth activity beglins earller In the evening when food is scarce,

185 RAULSTON, J.R, (1979), Hellothls virescens migration. pp 412-419 In: Rabb, R.L. &
Kennedy, G,G,, (eds,), Movement of highly moblle insects: concepts and methodology In research.
Raleigh, N.,C., North Carolina State University, (Proceedings of a Conference, "Movement of
Selected Species of Lepidoptera in the Southeastern United States", Ralelgh, North Carolina,
April 9-11, 1979,) [En.lI
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States that no major efforts have been made to actually follow natlve Hellothis moths over a
migratory path from one geographical location to another, Reviews studles whlch Indicate
mobl Ilty, Presents new data from Lower Rlo Grande Valley, Colorado, Indlcating strong
possibl ity of early season movement Iinto the area,

186 SANDERSON, E,D, (1908), The Influence of minimum temperatures In Ilimiting the northern
distribution of Insects, Journal of Economic Entomology, 1 (4): 245-262, [En,]

Records H, zea In northern United States and Ontario. Discusses effect of minimum temperatures
upon limit of distribution,

187 SEIMAN, C.L, & BARTON, H.E, (1972), Seasonal! trends In catches of moths of twelve
harmful species In blacklight traps in northeast Arkansas, Journal of Economic Entomology,
65 (4): 1018-1021, [En, en,l

Records of trap catches Aprll=November 1970 In Cralghead county show peaks of H, zea actlvity
In early and late September,

188 SNOW, J,W., CANTELLO, W.W., & BOWMAN, M,C, (1969), Dlistributfon of the corn earworm on
St, Croix, U,S, Virgin Islands, and its reiation to suppression programs., Journal of Economic
Entomology, 62 (3): 606-611, [En, en.]

Investigations show that distribution of adult H, zea Is nelther random nor detemmined by
elther wind or terrain, Labelled moths originating from a central source dispersed non-randomly
up to ten miles (as far as land was avallable on the island) from that point, Distribution kept
malnly to lower elevations and areas of 35-45 Inches of raln, high concentrations occurring
around host plant fields,

189 SNOW, J.W. & COPELAND, W.W. (1971), Distribution and abundance of the corn earworm In
the United States, Cooperative Economlc Insect Report, 21(2): 71-76. [En, en.]

Review of 19 years (1951-1969) observations on Hellothls overwintering and flrst appearances In
relation to winter freezing, Concludes that Ilocal overwintering may be reason for moth
populations rather than migration from the south,

190 SNOW, J.W., SPARKS, A.N, & LEWIS, W.J. (1972). Seasonal capture of corn earworm adults
In 1ight traps near TIfton, Georgla, compared with captures in traps balted with virgln
females, Journal of the Georgla Entomological Soclety, 7 (2): 85-89, [En,]

Monthly collectlon data showing distribution of activity of H, zea for year 1967-68, with
maximum abundance In July/August, Virgin female traps were more efflclent In capturing males In
the spring and early summer but less efficlent In the higher natural population of mid=-summer,

191 SPARKS, A.N. (1972), Hellothis migration, Southern Cooperative Serles Bulletin, no,
169: 15=17, [En,]
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States that Iittle factual data are avallable on dispersal. Reviews varlous publlished and
unpub | Ished works on llkely Heliothls mlgration Including the distance and extent of dispersal
and the altitudes of catches.

192 SPARKS, A.N. (1978). Migration of Heliothls spp. and other noctulds. Folia
Entomologlica Mexlcana, 39-40: 131-132. [En, summary only.]

Brlef summary of results obtalned In dispersal studles. H. zea and H virescens disperse Into
sultable ovlposition sltes over an 84-square mlle area upon emergence from a spent host and are
capable of dispersing from a central locatlon up to 16 miles In opposite dlirectlons In one
night, up to 42 miles between Caribbean Islands, at altitudes of above 1000 feet In controlled
flight, and up to 100 mlles nonstop over water.

193 SPARKS, A.N. (1979)., An Introduction to the status, current knowledge, and research on
movement of selected Lepldoptera In south eastern Unlted States. pp. 382-385 In: Rabb, R.L. &
Kennedy, G.G. (eds.), Movement of hlghly moblle Insects: concepts and methodology In research.
Ralelgh, N.C., North Carolina State Unliverslty. (Proceedings of a Conference, "Movement of
Selected Specles of Lepldoptera In the Southeastern United States™, Raleigh, North Carollna,
April 9-11, 1979.) [En.!

Review of data concerning movement and migratlion of Hellothis spp. Concludes that He zea can
disperse over an 84-square mlle area; Hellothls spp. travelled up to 42 mlles over water, and
moths can be caught throughout the growlng season up to 1000 feet above ground.

194 SPARKS, A.N., JACKSON, R.D. & ALLEN, C.L. (1975). Corn earworms: capture of adults In
| Ight traps on unmanned ofl platforms In the Gulf of Mexlco. Journal of Economlc Entomology,
68 (4): 431-432. [En, en.l]

H. zea were taken at blacklIight traps running from sunset to sunrise between 13 Sept and 21 Oct
1973, Traps on oll platforms 20, 46, 66 and 100 mlles due south of Jeanerette, Loulslana, took
27, 16, 8 and 3 adult moths respectively. MaJority of moths probably travelled on a southbound
cool front.

195 SPECHT, H.B. (1979). Light +trappling corn wearworm and fall armyworm. Canada
Agriculture, 24 (4): 23-24. [En, fr.]

Light trapping records of H. zea at ten traps In Nova Scotla from August 3rd - October 30
1978.

196 STADELBACHER, E.A. & PFRIMMER, T.R. (1972). Winter survival of +the bollworm at
Stoneviltle, Mississippi. Journal of Economic Entomology, 65 (4): 1030-1034. [En, en.l

Light trap collections indicate migration of H. zea Into the Mississlippl Delta area before
local moths emerge.
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197 STEWART, P.A.,, GENTRY, C.,R., KNOTT, C.,M, & LAM, J.J. (1968), Seasonal +trends In
catches of moths of the tobacco hornworm, tomato hornworm and corn earworm In traps equlpped
with blacklight lamps fin North Carolina, Journal of Economic Entomology, 61 (1): 43-46,
[En, en,]

Weekly trap catches of H., zea showing population fluctuations between May 16 and October 17,
1963-66, An abrupt Increase resulted In the season's peak In mid-August,

198 STEWART, P,A. & LAM, J,J. (1968), Catch of insects at different helghts In traps
equipped with blacklight lamps., Journal of Economic Entomology, 61 (5): 1227-1230, [En,
en,]

Records of H. zea at helghts from 0 to 99 feet In North Carolina,

199 STINNER, R,E., WILSON, K,, BARFIELD, C,, REGNIERE, J,, RIORDAN, A, & DAVIS, J, (1982),
Insect movement [n the atmosphere. pp 193-209 In: Hatfleld, J.L., & Thomason, |.J., (eds,)
Biometeorology In fntegrated pest management. London, Academic Press, (Proceedings of a
Conference on Bfiometeorology and Integrated Pest Management held at the University of
California, Davis, July 15=17, 1980,) 491 pp. [En.]

H. zea adults are highly mobfle and move from crop to crop, dependling upon host preference and
plant maturity, and also over longer distances as far north as southern Canada.

200 TIPPINS, H,H & BESHEAR, R, (1975), Records of Helfothis spp, collections fIn a |fight
trap operated continuously between 1965 and 1974, Georglia Agricultural Experiment Station
Research Report, no. 212: 18 pp. [En,]

Light frap records presented for H, virescens and H., zea in Georgla., Flfty-seven percent of
H. zea were collected In August. It |s suggested that many of these moths may have been
migrants,

201 U,S. DEPARTMENT OF AGRICULTURE, ANIMAL AND PLANT HEALTH INSPECTION SERVICE, PLANT
PROTECTION AND QUARANTINE PROGRAMS. (1952-81), Plant Pest News v1. (1-6), 1981 only, continued
from: Cooperative Plant Pest Report vi, 1976 = v5, 1980, continued from: Cooperative Economic
Insect Pest Report v1, 1951 = v25, 1975, [En.]

Frequent reports of Hellothls spp. status In United States, Including sightings, tfrap catches
and numbers, In all volumes.
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57,58,59,61,63,64,65,66,67

Bulgarta 119

Europe 106

France 117

Indila 6

lraqg 151

Israel 125,152

Japan 108

Sweden 111

USSR 73

PUNCTIGERA 35

Australla 28,39,97,103,114,115,135,136,
149,150

New Zealand 40,42,43,45,46,47,48,49,71

RUBRESCENS, Australla 28,97
SCUTULIGERA, Botswana 127

SUBFLEXA, Virgin Islands (U,S,) 183



H, VIRESCENS 162, 176

He

H,

Gulf of Mexlco 154

Mexfco 171,172

USA 173,174,185,192
Arizona 178
Arkansas 171
Colorado 185
Florida 165,172
Georgla 155,200
Louisfana 177
Texas 168,171,172,1

Yirgin Islands (U.S,)

VIRIPLACA

Asla, Southwest 80
Bulgarfa 119
France 68

lrag 151

Israel 152

USSR 73

XANTHIATA, South Africa

ZEA 162,176

Canada 156,157,163,164,186,195,199

Gulf of Mexlco 153,194
Mexfco 171

USA 125,158,164,166,170,173,174,175,184,

186,189,192,193,199

73
169,183,192

147

Arkansas 171,181,182,187

Colorado 160,161
Florida 165,173
Georgla 155,159,190
Loulslana 167,196
Mississippl 196
North Carolina 197,
Texas 168,171,179
Wisconsin 180
Virgin Islands (U.S.)

,200

198

169,188,192
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COUNTRY INDEX

General Finland, He ARMIGERA 96
HELIOTHIS 91,123 France
He ARMIGERA 30,35,74,122 H. ARMIGERA 116,117
He ASSULTA 35 He PELTIGERA 117
He PELTIGERA 30 He VIRIPLACA 68

He PUNCTIGERA 35

H. VIRESCENS 162,176

He. ZEA 162,176 Ghana, HELIOTHIS 19

Guilf of Mexlico
He VIRESCENS 154

Ascenslion Island, He ARMIGERA 21 He ZEA 153,194
Asla, Central, He ARMIGERA 15
Asla, Southwest

H. ARMIGERA 80 Indla
H. NUBIGERA 80 HELIOTHIS 4,13
He PELTIGERA 80 He ARMIGERA 3,5,6,7,8,9,10,11,12,36,37,
He VIRIPLACA 80 84,85,110,113,139,145
Australla He ASSULTA 6
H. ARMIGERA 28,97,103,114,115,135,149,150 He PELTIGERA 6
He ASSULTA 97 Iraq
He PUNCTIGERA 28,39,97,103,114,115,135, He ARMIGERA 151
136,149,150 He NUBIGERA 151
He. RUBRESCENS 28,97 He PELTIGERA 151
He VIRIPLACA 151
|srael
Botswana He ARMIGERA 93,94,125,152
HELIOTHIS 128 ' He NUBIGERA 152
H. ARMIGERA 127,129,130,131,132,133,134 He PELTIGERA 125,152
He. SCUTULIGERA 127 He VIRIPLACA 152
British Isles
He ARMIGERA 14,25,26,27,34,52,54,55,56,57
58,59,60,61,62,63,64,65,66,67,69,95 Japen
H. PELTIGERA 25,26,29,50,51,52,54,55,56, He. ARMIGERA 108
57,58,59,61,63,64,65,66,67 He ASSULTA 109
Bulgarla He PELTIGERA 108

He ARMIGERA 119
He INCARNATA 119
He PELTIGERA 119 Kenya, He ARMIGERA 107,121,142
He VIRIPLACA 119

Mediterranean, eastern, H. ARMIGERA 140

Canada, H. ZEA 156,157,163,164,186,195,199 Mex1co
Chad, H. ARMIGERA 23,24 . He VIRESCENS 171,172
Chlna, H. ARMIGERA 82,92 He ZEA 171

Middle East 140

Egypt, H. ARMIGERA 41,81
Elre, H. ARMIGERA 104
Ethlopla, H. ARMIGERA 1
Europe

He. ARMIGERA 79

H. PELTIGERA 106
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Netherlands, He ARMIGERA 102
New Caledonla, Hs ARMIGERA CONFERTA 38
New Zealand
H. ARMIGERA 44
He. ARMIGERA CONFERTA 70
He PUNCTIGERA 40,42,43,45,46,47,48,49,71
Nlgeria
H. ARMIGERA 100
H. ASSULTA 100

Senegal, H. ARMIGERA 16
South Africa
He ARMIGERA 79,105,112,133,141,146,147,
148
He ASSULTA AFRA 146,147
He XANTHIATA 147
South Korea, He ASSULTA 31,101
Sudan
HELIOTHIS 88,91,120
H. ARMIGERA 18,20,76,77,78,87,89,90,137,
138,143,144
H. ARMIGERA ARMIGERA 75
Sweden, He PELTIGERA 111

Tanzanla, He ARMIGERA 124,126
Thalland, He ARMIGERA 2

Uganda
HELIOTHIS 19
He ARMIGERA 17,22
USA
HELIOTHIS 122,170,174,175,185,191,193,201
H. VIRESCENS 173,174,185,192
H. ZEA 125,158,164,166,170,173,174,175,
184,186,189,192,193,199
Arlzona, He VIRESCENS 178
Arkansas
HELIOTHIS 181
H. VIRESCENS 171
H. ZEA 171,181,182,187
Colorado
H. VIRESCENS 185
H. ZEA 160,161
Florida
He VIRESCENS 165,172
H. ZEA 165,173
Georgla
H« VIRESCENS 155,200
H. ZEA 155,159,190,200
Loulslana
He. VIRESCENS 177
Hs ZEA 167,196

USA (conts)

Mississippl, He ZEA 196

North Carolina, He ZEA 197,198

Texas
H. VIRESCENS 168,171,172,173
H. ZEA 168,171,179

Wisconsin, He ZEA 180

USSR

He ARMIGERA 73,96,98,99,118

H. IMPERIALIS 118

H. PELTIGERA 73

H. VIRIPLACA 73

Virgin Islands (U.S.)
H. SUBFLEXA 183
He VIRESCENS 169,183,192
H. ZEA 169,188,192

Zimbabwe, H. ARMIGERA 72,129,133
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