
Project Title:

COTTON RESEARCH AND DEVELOPMENT CORPORATION

Project Code:

Supervisor:

71^*, IA "

QuantifyingLocalMovement and Colonisation of Cotton Crops By Adult
Henothis.

CSE3C

Dr. G. P. Fitt, CSIRO Division of Entomology, Nanabri.

Aims:

(i) to quanti. fy the contribution of alternative host cropsto the dynarnics of Henothis on
cotton using an elemental analysisteclmique developed in aprevious project.

(it) to study the colonisation of cotton crops by adults and subsequentdevelopment of
populations using night vision devices, pheromone and lighttraps and directsampling
techniques.

(in) to quanti. fy the catch efficiency of pheromone traps and factors affecting efficiency in
cotton at different times of the season.

FINAL REPORT

(Iv) to study patterns of local movement from discrete source crops, using mark-recapture,
elemental analysis, nightvision devices and trapping systems.

I. Quantifying intercrop movement using elemental analysis.

A technique to identify the host crop of Henothis moths by analysis of elemental content has

been progr'essiveIy developed over several seasons(CRC Project CS13L, Fin 1986). kithis

grant period we finalised statistical analyses of the existing database for individuals from

known hosts and have developed a procedure for allocating unlariown individuals collected in

cotton cropstoprobable hosts(developed by Dr. Richard Motton CSRO BiometryUnit). The

procedure (based on Newton's method with gradient matrix calculated by formula) allows for

mothsto be allocated to one offive majorhostcrops or to aclass derived from none of the

major crops and includes a facility to use only a subset of possible hosts in an allocation run.

The procedure gives acceptably accurate estimates of the proportion of a sample of moths

derived from majorhosts, though to date it has been validated using the same database as used

to produce it. Further data for individualsftomkiiown hostsis being collected this season for

validation purposes. We have cornmencedprocessing elemental data for innerlowns collected in

1985/86 using the procedure but have encountered aproblem whichmaybe due to dust

contarriination offield caught moths. The elements Fe, P, and Mn are the most important in

discririxinating mothsftom different crops (accounting for 85-90% of the variation), but most

of the mothstaken from trapsshow levels ofFe (andAland Si) outside the range of any of

those reared from crops, while levels of other elements are siriiilarto those formothsreared on
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crops. Elevated concentrations ofFe, A1 and Siare characteristic of sample being con^Initiated

with soil, which may easily occurin pheromone trapsftom which the moths are collected.

There are several other possible explanations forthis anomaly; elemental promes may change

as moths age, mated males may have a differentprofile to virgins, orflight activity may alter

the balance of elements. These possibilities were explored with a series of experiments using

male H. puncti. gera mothsftom a chic}:pea crop. Elemental profiles were deterinitiedfor males

of different age, for mated and unmated males of known age and for"flown" and unflown

males. As yet theseresults have not been fully analysed, but it may be necessary to reworkthe

allocation procedure excluding Fe, albeit with considerable loss of discriintriation. Elemental

analyses of moths collected at several sites in cotton overthe 1985/86 to 1987/88 have been

completed. Analyses of the 1988/89 samples will conrrnence shortly giving elemental profiles

over four fullseasons. The infonnation provided in this way will be invaluable to validation of

the Henothis population dynarrlics model and for interpreting pastpattems of insecticide

resistance in H. grinigero.

2. Nocturnal behaviour and measurements of trap responsiveness.

In 1988/89 a 10 ha blockon theresearch station wassown with two 4 ha. blocks of cotton

separated by I ha. blocks of maize andpigeonpea. The maize (sown Sept. 19) produced an

emergence during January, while the pigeon pea (sown Dec. 16) produced adults in early

March. The development of populations on allcrops was monitored by visualsamplirig for

eggs and larvae andby a gi'Idofpheromone and lighttraps. Oneperiod ofnoctunial

observations using NightVision Goggles(1.1\/G) was completed (Dec. 14-18) coinciding with

sinimgof the maize crop. The aimwasto quantity the densities of Henothis adults active

throughoutthe night within each crop and at crop boundaries andto measure the efficiency of

pheromone traps.

Unfortunately the generalscarcity of Henothis throughout the NamoiValley in 1988/89

greatly litntted the success of this work. Very few eggs were Iaidon any crops andonly small

populations of pupae wereproducedon the maize andpigeonpea. Nocturnal observations

were discontinued after the December session, exceptfor afew nights daring February and
March.

In the second season (1989/90) an 8 ha block on the research station is being used. This was

sown with4 haofcotton (2 ha oneach Grid), and 2 haeach of maize andpigeon pea. Again the

maize will produce aJanuary emergenceofH. glintger@ andthepigeonpea aMarch



emergence. All additional 8 ha block was sown with chic}cpea to allow observations of the

development and emigration of a spring population.

Two periods of intensive nocturnal observations were completed. During each period a series

of observations were made using avariety of techniques, some associated with Project CSE7L.

The firstperiodofnoctumalandradarobservations was completed (November 29-December

12) coinciding with emergence of the approximately 1.3 million mothsftomthe chicl:pea (a

Trimture ofH. punctigero andH. grungero) and the start of silldng of the maize. Most details of

the nocturnal observations and measurements of activity andmovement are described in Drake
and Fin (1990, attached).

Data was collected forthe firsttime on the timing of adult emergence from the soilthroughout

the night and of the initial flight. Emergence occorred from 2000 to 0100, with apeak between

2100 and 2200. Most mothstook off on theirinitial shortflight about 2 hours after emergence.

ingeneralttiese flights do nottake the moths farftomthe emergence site. Majortake-off and

errxigration from the emergence site occurs at dusk on the following night. We also quarttified

this dusk take-offfor comparison with the radar observations, by recording the number of

moths undertaking rapidverticalflight out the chic}cpea. We were able to confirm that such

vertical take-offdoes occur, with moths climbing almostvertically to about 10 metres above the

crop, thence climbing at about 600 in the direction of the prevailing wind. Peakverti. caltake-off

occurred between 2010 and2025 each night, though there was greatvariability in numbers

taking off each night, which was notrelated to the numbers which had emerged the previous

night. Sirntlarobservations will be made during the January andMarch emergence periods.

An importantconsequence of our direct observations of moths behaviouraroundcrops has

been the discovery of a previously undescribed behaviour in Henothis in which adultstum

back, orrebound, into an attractive crop when they encounter the patch boundary. The

behaviour was first observed at boundaries between maize and cotton crops andbetween cotton
andfallow. Observations in the 1990/91season further collfumedthe occurrence of the

behaviour at boundaries of maize/sunflower, sorghurn/cotton and sorghurn/sunflower crops

both at NARS and at sites on the BTOezaPlain and near Toowoomba. Rebounding into the crop

was most intense around silkirig maize crops and much less pronounced on the other crops.

The observationsshow that moths are able to perceive andrespond to crop boundaries andthat

their movements may be effectiveIy constrained to an attractive hostpatch once colonisation has

occurred. Whether mothsrespondto the physicalboudary or some cheimcalgradientis not yet

known, though the rapidity of response (within I in of the edge) suggests aresponse to the

physical edge of the canopy. This may explain why the behaviourwas most pronounced on
maize (the tallest crop observed). The observations warrant further investigation and have



implications in understanding the process of hostlocation and the use of trap cropping as a

means of managing Henothis (3,4).

Measurements of pheromone trap efficiency were made armonthly intervals dudrig 1989/90

season. As in the past camstertraps proved highly inefficient at antimes, capturing only 2-5%

of moths attracted to them. These spring trap observations confirmed that the characteristically

high trap catches at that time are not due to improved trap efficiency when nights are cooler, but
reflect enonnous densities of moths. Males were observed responding to traps artemperatures
as low as 70.

3. Mark-recapture studies of Henothts movement.

Mark-recapture studies of moth errxigration from source crops were conducted in spring of both
1989/90 and 1990/91to coincide with the other observations of emergence andlocal

movement. The aim wasto labeleach of the source crops with the heavy metalstt. ontium (in

the fonn of strontiumchloride, StC12) in an attempt to mark the naturally produced population

of moths. Chenxicalanalysis of mothstrapped in awidespreadnetworkoftt'aps then shows the

direction and distances travelled by moths produced arthe discrete source. Prelirninary studies

were conducted in 1988/89 with maize andpigeonpea. Labelting of the maize crop with two

applications ofStC12 (@3.0 kg'ha) was unsuccessful; only I of 50 moths analysed being
marked. However, excellentresults were obtatiied with pigeon pea. A range of concentrations

from 10 to 80 kg StC12 was applied. Planttissues and 90-95% of the adult moths produced

were rulequivocally marked by applications of 10-20 kg. /11a. However, the total population
produced on pigeon pea intriatyear wastoo smallto consider amark-recapture expetiment.

In the 1989/90 a highly successful experiment was completed with a marked population of both
H. grinigero andH. punctiger@ produced on a sping crop of chic}:pea. Andetails of this work
are given in Fitt and Pinkerton (1990, attached), A total of 1.2 nitUion moths (38% H.
grintger0, 62% H. punctigero) were produced from the chic}:pea crop, of which about 30%
were unequivocally labelled. Of these 240 labelledH. o177zigero and 28 labelledH. punctigero
were captured in the trapping network. Further analyses of these results (6) showed thatH.
armigero wasless mobile thanH. punctigero with a high proportion setthiig on crops within
101:In of the source crop, whereas most of theH. pullctigero moths appeared to leave the study
area altogether.

Attempts in that season to labelapopulation ofH. on?liger@ on maize were again unsuccessful.



In the 1990/91season a Timed population of Henothis was again successfully labelled on

chic};pea. This crop produced an estimated 1.04 nullion moths (73% H. mugera, 27% H.

punctigera). A total of 4,340 captured mothsftom the recapture networkwere analysedfor
strontium. However, because the backgr'oaridpopulation of Henothis spp. was much larger in

that year (in contrastt0 1989/90), a total of only 19 marked moths were captured (in contrastto

268 in the previous season). Detailed statistical analysis of this expertmentis not yet complete.

Major Results from This Project.

I. NOCtumalobservations of Henothis activity using avariety of techniques provided

valuable details and parameters needed to modelmovementin the associated Project
CSE5C.

A previously undescribed behaviour pattern was observed in adultHeliothis which

shows that moths are able to perceive andrespond to boundaries and that their

movements may be effectiveIy constrained to an attractive host patch once colonisation
has occurred.

The tillxing of emergence and firstflight were quantified for the first time for Australian

species, showing apeak of emergence between 2100 and 2200. Firstflightoccurred

approximately 2 his after emergence.

Mark-recapture was used successfully to demonstrate significant differences between

H. griniger@ andHpz, 11cttgero in localmovement. H. punctigero was collfumedto be

more mobile thanH. grinigero , and may be an obligate Tingt'antspecies. Both species
were shown to be able to locate and colonise smallareas of highly attractive hosts

(safflower) despite the presence of large areas of squaring cotton. Further studies of
H. aruzigero movement during sununerwillbe undertaken under anewproject
CSE24C.
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