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1, ABSTRACT

The systematic position of economically important cutworm speciss

it

in Rhodesia has been clarified and, from literature and recards, |the
[I—

two most important species selected for study. These are AZLouis

segetum (Denis & Schifferm¥iler) and 4, ipgilon (Hd#fnagel).

Developmental periods have bsen determined at seven constant
temperatures and from the logistic curves thus obtained, close agree-
nent between these and population cycles in the field was obtainnd.
Aa_pogetun is tetravoltine and A, ipsilon quinvoltine in Rhodesia.
The seasonal abundance of moths was determined by light~trapping and
peaks of moths were found to be assoclated with an increase in the
convergence of airstreams; both species appear to be migrants.
Factors affecting seasonal avundance have been discussed and the two
mogt important appear to be immigration of moths and the availability
of suitable larwval food supplies. A aethod of forecasting the
potential population after the cool,dry, season has been proposed

involving rainfall data at the end of the rainy season,

Aspectg of larval and adult biology of the two species have bsen
investigated, and these preovide data for forsmulating a pest management
__system, - larval phototactic responses showed that the first two and a
half instars are photopositive while later instars were photonegative,
Larval feeding behaviour was found to be closely related to their
phototactic responses, that is, larvae in the first two and a half
instars feed on the scil surface and older larvae shelter in the soil
during daylight., Trichomal sescretions of tobacco sesdlings were

found to be effective in trapping 1lst instar larvae, Adult activity

>



capacity has beon studied and it appears that the active and inactive
characteristics are inhertfable. The favoured oviposition site an

agricultural lands is on crop debris,

1
s

J'“_|Ir v Louny, Al s iﬁwz :F\«LV\ o K4

01-0“{ {L ol 8 ;'t,\,u-" N T SV " by e i P Ea u; e"f



2, INTROLUCTION

Jack (1918) stated, "It would be difficuit to estimate the average
total anmount of loss to agriculture in Southern Rhodesia sach sezson
through the agency of cutworms. CULWOr®@S eeeecesse are as auch a pest
to the tobacco planter, the potato grower and the market pgardener as
they are to the maize grower, and it is probable that they constitute

on the whols the most destructive plant pest that vexes this Territory.®

Cutworms are the larval stage of gseveral specles of noctuid moths,
They feed varaciously on almost any growing plant whichk is not too
woody, and the seedlings of practically all annual and perennial crops
are suscepbible to attack by these pests, The cutworms derive their
name from the habit of cutting plants at soil level and are, therefors,
an economic problem in the spheres of agriculture and horticuiture in

Rhodesia,

There are many species of cutworms velonging to many genera

throughout the world, The most iaportant genera include jgrobis,

Buxos, Iryphsens, JAsathes, Bupsilia, Abagrotis, Bhynchagrotis, Feltla,
and Parjdromgs all these are within the family Noctuidase,

In the literature (Jack, 1918; Smit, 1948; Rose, 13€2) there
is little detailed information on the biology of cutworm species in
southern Africs, or elsewhere in the world with a climate comparable
with that of lhouesia, apart from a2 linited contribution to the biology
of Agrotdls segetum in Angola (Passos de Carvalho, 19Cu), There is a
great deal of biclogical data on the many species of cutworms around
the world, but the necessity to obtain such data under local condite

ion%was shown by Druzhelyabova (19€3) who distinguished three



geographical populations of 4, gegetyg in the Soviet Union alone,

Each population had distinet reaclions to climatic factors,

The purpose of this study was to obtain data on some aspects of
the biology of cutworms under local conditions, which could be used faor

development of a pest management programme,

The approsch has been firat to select the most economically
important species for study; namely Agrobis sezetum and A4, jpzilon.



3¢  LCONOMIC IMPORTANCE

The name 'cutworm! is given to the caterpillars of certain moths
in the family Hoctuidae that fsed on plants at around soll level,
frequently severing them from their roots. This form of attack
destroys whole plants, and is excessively wasteful as the insect eats
only a fraction of what it destroys., Sometimes cutworms fzed on the
leaves of plants, but more often on stems of young plants both abowe
and below the ground level, OCutworms may burrow into larger roots
such as turnips 2nd swedes or into swollen stems (potato tubers) where
they hollow out the interior. iardier and woodier material may also
be eaten, such as the bark of young trees and the germ of dry maize

seed,

Jack (1918) recorded four speeies of cutworms in fhodesia, These
were faxoa gagetds Schiff., B. lengidentifera Hemp., [. sploiferg fdbn.

and jgrofds ypailog Koths, Only Be gegells and A. ypallgn were
considered to be of real importance, the former being rated as the

most coamon specles and the latter as being “the only rival to

B _gegetis in dsstructiveness.," Rose (13€2) rateu A, gegetum as the
most common cutworm attacking main crops, the other impartan® species
being Ae ipsilog which was recorded most frequently as the cause of

outbreaks in early irrigated maize lands,

From the records of the Rhodesian WMinistry of Agriculture it was
found that the plants attacked by each gpecies were:
Agrotds socotun (= Ea segetds) - bean, cabbage, carrot,
cotton, Delphinium, Gladiclug, groundnmut, lawn grass,
lucerne, maize, onion, pea, pine, potato, rape, rose,

soya bean, strawberry, tobacco, tomato amd watile;



Agrotls ipsilan (= A.¥pailon) - cotton, maize, potato,
spinach, tobacco and tomato;

suxos longideatiferg = coffes, daisy, lawn grass, maize,
spinach and swede;

Aa_spinifers (= B. spipifers) - grass, maize, pine, weeds;

Ae ituscogs -~ lawn grass, malze.

The records showed that larval attacks by J. S@getuys took place
throughout the year with the exception of the month of April; by
As_ipgilan in May, July, October and Lecember; by E. longidentifars
in March, May, June, September, October and November; by fA. gpiniferg
in July, October and 'lovember; and by ps Jlscogs in January, (ctober

and November,

The views of the two authors indicate that the most important
species is A, sgretum, and this is confirmed by the list of plants
abtacked ani the wmonths when attacks were recorded, The only other
gpecies considered by these authors as being of any importance was
As dpsilop and the plants attacked by it include three crops of najor
importance to Rhodesian agriculture (maize, cotton and tobacco), thus
making tnis speclies second in importance, These species were accorde

ingly singlaed out for study.

Both of th® species are fairly cosmopolitan in distribution,
As_ipsilon is known to occur in Barope (including the U.S.S.R.), 4sia,
Africa, Mastralasia and Worth and South Aserica (Fig, 1), while
A. gegetum is found in Surope (including the U.S.S.R.), Asia, Africa,
mstralasia and South America (Fig. 2). Fige 1 is taken from

#Distrioution Maps of Insect Posts™ published by the Comaonwealth



Ingtitute of mntomology, London, with new areas inecluded in southern
Africa; Fig. 2 1s drawn from a review of the literature (mainly fram
Review of Applied zntomology (series A) and Bulletin of sntanclogical
Research) and as such the boundariss are not particularly accurate,
A dpailog is commonly known in various parts of the world in the
larval stage as the black, common, or grsasy cutworm and in the adult
stage as the dark swordgrass or the Y-moth; Ja._gegetum is calied
either the turnip moth, dart moth, grain noctuid, melon-warm, counon

cutworm or winter nochtuid.
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4. LOCALITY OF STUDY AND CLIMATE

A11 the detailed laboratory investigatlons have oeen carried out
at the University of thodesia and the Salisbury Regearch Station, both
located in Salisbury. The field work was carried out at Gwebi Agrice
ultural College, about 24 kn north-west of Salisbury, Salistury is
situated at an altitude of 1 500 m above sea level, latitude 17%s8' s
and longitdde 31°03' B, in Rhodesia.

The country is landlocked with the Indian Ocean being about 160 km
from the eastern border, There is a plateau across iihodesia in a
north-east to south-west direction, forming a watershed on which
Salisbury lies. On the eastern border there are highlands, rising up
to 2 600 m above sea level, which follow a north to south direction,
The altitude and distance from the sea glve [hodesia a remarkably
temperatre climate, despite its being situated entirsly within the
trppiecs. It is only the low=lying areas, bslow €00 m, that experience

the high temperatures usuwally associated with tropical regions,

The rainfall is concentrated into one seasan of aboul four months,
and is considered with temperature when the year is divided into
seasons (Patterson, 1970). On this basis the following seasons are
distinguisheds

Hot season - nld=fugist to mid-dovenber;
Main rainy season - mid-November to mid-March;
Pogt-Trainy season = mid-March to mid-ifay;

Cool seeson - aid-May to mid-Magust,

During the hot. season the maximum temperatures sometimes exceed



52° on the plateau and 40°C in the low-lying areas, There is a
rapid rise in teuperature from mid-Angust, und temperatures reach a
peak in early Octover, then remaining fairly steady until the start
of the main raing, The air is very dry at the beginning of the
seagon, bdut the mesn relative humidity subsequently rises to about

50 per cent,

Tiue main rainy season usually begins between the middle and end
of Noveaber, Temperatures then show littles variation with maximum
temperatures of about 2% on the platesm and about 5°C higher in the
lowveld, The diurnal range of temporature is, however, smaller than
during the hot season, The main rains are closely linked with the
presence of the Inter-Iropical Convergence Zone (ITCZ)_ ~ Rainfall
intensities sre often high with falls of 75 to 100 mu over a 24 h
perioad, The mean anmual rainfall in Rhodesia decreases irregularly
from the north te the south, from over 750 mam to 300 um, though parts
of the eastern border highlands average over 2 500 mm, The mean

relative huaidity during this season is about 75 per cent,

aring the transitional post-rainy season there is often a temp-
crary rise in temperatures, when the rainsg cease, followed by a down=
ward trend, Showers may occur during the first fewwssiks of the

seascn, but the air becomes very wmuch drier by May.

During the cool ssason days are usually sunny and the mid-day
temperatures are warm {¢ 21°C on the plateau), but irom late after~
noon there is a rapid fall in temperature. The air is usually very
dry and heat escapes from the soil by radiation, With ihis rapid

cooling and low dewpoint, temperatures sometimes drop velow zereo and



ground frogts may occur,

The monthly aeans of teaperature and rainfall on the plateau and

lowveld are shewn in Figs, 3 and 4.
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5, INVESTIGATION OF THE 3YSTEMATIC POSITION

5.1 Introduction

It was reported by Jack (1318) that there wers four species of
cutworms in Rhodesia, and these wers named as juxog gegetig Schiff.,
E longidentifera famp., B. spinifora #¥bn. and Agrotis ypailgn foths.
Rose (19€2) also quotes four species in Rhodesia but names them as
Agrotis segetug Schiff,, A. spiniferg ndbn., A. ipgilon i¥fn, and
uxos longidentiferg Hamp, From the names attributed to the species
by these two authaors, with possible synonyms, problems in correct
identification were apparent, Consultation of records revealed that
another species, Agrotls muscess Geyer, is also recorded as a cutworm
in lthodesia, The importance in clarifying the systematic positiom
of these species became obvious, since correct identification provides
a key to published information on life history, behaviour, ecology and
other factors iaportant in the managemont of a pest population,

5.2, HMethods

Specimens of named moths in the reference collection of the
Plant Protsction iesearch Institute, Ministry of Agriculture, were

exanined to ascertain the status of the five species,

Live moths were obtained from a Robinson light-trap situated at
Salisbury liesearch Station and each species was confined in glass
preserve jars having a gauze 1id, Quarter circles of filter paper
were placed on the gauze as an oviposition site. Iarvae natching
from eggs were placed on a semi-synthetic bean diet (Shorey and Hale,
1965), which will be described in more detail in section C.Z.1.

larval morpnology was examined by means of a stersomicroscope having



a spaximum magnification of %100, and characters thnat could be easily
obgerved without dissection were used in constructing a larval key.
larvae in 2nd to 5th instars were used for this purpose and wers
preserved in Kahle's fluid prior to sxamination, It was found that
Kahle's fluid did not seriously affect colouritioa of the larvae, its

composition being:

96% ethyl azlcochol 15 parts
404 farmaldehyde € parts
glacial acetic acid 1 part

distilied water 30 paris,

Moth emerging from laboratory culiures were pinned and compared
with specimens in bthe reference collection of the Plant Protection
Regsearch Institute, Pinned specimens were also submitted to Dr E,
C .G, Pinhey of the National Museum of Rhodesia and to Dr I.W.B. Nye
of the Aritish Museum (Natural fiistory) for confirmation of identw

ification,

The external genitalia of the male mothg were dissected from the
spacies concerned and the right valvae wers mounted in Canada Balsam
on microscope slides and examined,

5.3, Rasults

in examination of the moths in the referhce collection at the
Plant Protection Research Institute, Salisbury, indicated that five
species of cubworms occur in Rhodesia and all of these are in the
gens Agrotlg, nanely Ae segetum, A. lposilon, A. gpinifers, A. long-
Jdeptifera, with the additional species being A. MNSCOSS.



From exaninabtion of the external larval morphology a xey was
constructed to the five species of cutworm (3lair, 19€¢8), The nomen=—
clature of larval morphology is taken from Crumb (1956),

1l Setigesrous tubercle I of abdominal segnents distinctly
gsaller than setigerous tubercle II; skin granules

coarse, strongly convex or slightly conical (Fig., 5) e

[
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setigerous tuvercle I ol abdominal segments much the
same size as setigerous tubercle II; skin grsnulss
snall, flat, or slightly convex (Fig. 6) ..... scgetun
2o Skin granules of posterior half of the sub-dorsal area
of the abdominal segments distinctly paler than dorsal
and supraspiracular AI'o85 eeseesscccsssscssssssssscss O
kin granules of the posterior half of the sub=dorsal
area of the abdoninal segments not distinctly paler
than dorsal and supraspricular arefs cseeesese QUICHE
3. Setigerous tubercle IV of abdaninal seguents at least
twice as wide as the width of the spRfaclos; setigerous
tubercle IV approximately the same height as the spiracle ,.
sssesccsscscsccsssnsscee LEREldentifars
Setigzerous tubercle I¥ of abdominal segments at least
three times the width of the gpiraclesy setigeroas
tubercle IV extends beyond the height of the spiracle ., ¢
4, Frontal sutures teraminating in the occipital angle or
on the frong at a point approximately thres-—quarters
its helpht cecescscenvscssescsovesscsnansss Spinifers
Frontal sutures terminating on the frons a2t a point

appro:d.m&tely half its height ssssssevassoee mmo



FIG 5. SKIN GRANULES OF A. ipsilon

FIG 6. SKIN GRANULES OF A. segetum

3



During laboratory rearing of A, muscogs it was nobticed that one
culture of larvae had a different colouration and differsnt fascies
to the others, The female parent of this unusual culture, which had
besn collected in the light-trap, had colouration and markings very
aimilar to Lhose of other 4, muscosa. The moth was submitted to
Dr E.C.G. Pinhey for identification; it was named as Agrotis
(Lrgophotis) muscoss form amglura. Pinhey expressed the opinion that
ggaturg might be a distinet species.

When the male genitalla were examined, it was seea that the valva
of amatyra and gusgogg were of the sawe conforuation but the harpe of
the former was longer and more evenly pointed than the@éﬁ’.atter (Fige 7).
Also from Fig, 7 it i1s apparent that the genitalia of these two spewies
wag of a cdifferent overall conformation to those of A, gedetum,
As_ipgilon, A. longldontiferg and . gspigifera. [During observations
on larval behaviour characteristics it was noliced tha% 1st instar
larvae of agalurs and muscesa spun silk, whereas none of the other
species did so ait any stage in their life cycle, External morphology
of the moths showed that there is no antennal dimorphism in gpaturs
and gu@cogs, whereas the males of the other specles have plumose

antennae and the females have filiform antennse,

From these observations on larval behaviour and adult morphology,
it was speculated that apatura and gugscosa were distinct specles and
that they Jid not belong to the same genus as the other specics.
Bayer (1964), in describing Lhe walvae of the Agrotinae, places
Amnalura and guscqgs as separate species and also places them in the
genus Lycophotla.

Kbt



FIG7. RIGHT VALVAE OF MALE GENITALIA

Ae Agrotis spipifera H¥bn.; B. Menbtavya igndccollis Walk,;
e Ao ipsilon Wifn,; D. Aalonpgidentifers Hamp.; B. fa zgzetum

(Denis & Schiff,); F. Mg albldfrong Geyer.



Dr I.W.Be Nye confirmed the identifications of the Agrobis spp.
and also confirmed that gpatura and guscogs were distinet species.
However, the latter two species were placed within the germs lgntagva
and named as albiifrogs and jgalcollls respectively. The following
list summarises what is believed to be the present classification of
the cutworms studied in this investication,

Family ¢ Hoctuidae

Sub=family : Agrotinase

Genera t Agrotds Ochsenheimer, 1816, Schuetb. dur. 4s €6,
(Type species: [lloetus segetym (Denis & Schiffer-
n#ller), 1775, by subsequent dssignation by Curtis,
1827, Br. got. 43 165)
Meataxyg Geyer, 1837, in Hitbner, Zutrize Suaval.gxob.
Schmeibk. 5: 10,
(Type species: Mantaxva muscogg Geyer, 1837, by
subsequent designation by Viette, 1958, Lambilliones

583 41)
Species s Agrotls ipsilon Hifnagel (Ehalaspa lpsilon H¥fnagel,
(original ref- 1766, Berl. Mag. 3: 146)

arences in

Aexeida laongidentifers Hampson (Luxoa longidentifera
dampson, 1903, Gat. Lep. Phalacpae Br. Mug. 4: 168)

Agrotds segetum (Denis & Schiffermdllsr) (Neclua
segetun (Denis & Schiffermdller), 1775, spkdndung
Sysk. Werkes Schuett. Wlenergogend: 81)

Agrotis spinifers ibner (Hootus spinifera Hébner,
1808, gSamuml. eur. .Schaekb. 4: prl. 83, fig. 389)

dentaxye slbifrong Geyer (Hugraphe albifrons Geyer,
1833, in Hdtbner, Zuirdge Sawal. gyot. Schaelt.
58 pl. 148, figs., 859-8€0)

parentheses)



dentaxys ignicallis walker (Agrotis iguicollis
Walker, 1857, Lisk Specimens lepid. Inaects
Soligp. Bp. Mus. 11: 740).

Se4s Discussion
the confusion of the Agrotis-Lycophotis-Maptaxys svecies has been
clarified by Ur Nye who explains toat ggafueg is a4 junior subjeciive
synonym of glbifronss that guscogy is a good speciss but, in the
past, both gmafurs and glbifrong have veen placed as junior subjective
synonyms of it, so tinere has been a mixture of misidentification and

Synoayny .

As the relative sconocaic importance of Lhe speciss in tne gemus
Heopbaxya is low, and tney do not feature in the literature of economic
entonology, it is suggested that they should nol be regarded as pests,
Their ability to spin silk indicates that their bielogy is different,
The genus grglig is tne one of economic importance as cutuworns in

Rhodesia.



6, CCMPARISCH OF THE DuVSLOPMANT OF AGHOTIS SUGETUM AND A, IPSILON

£.1, Introductiaon

The 1ife cycles of 4, gezetum and A, ipsilagg have bean documented
in many parts of the world {for axzuple Abdel-Gawaad and Ll-Shazli,
1971; Fiedler, 1937; Harris, Mazarek and Jhite, 19€2; Mangat, 1971;
Tikoleavskil, 1930; Passos de Carvalho, 1958; Riwaay, 13064;
Zimmernan, 1918), However, it was ns2cessary to obtain data on the
local 'races! of these two species as Druzhelyubova (196¢3) found three
distinet geographical populavions of A, g@gely in the Sosiet Unian,
with each population haviag distinet reactions to climatic factars,
Literature on the cutworas of southern Africa (Jack, 1918; Smit, 1948;
Rose, 1962) did not reveal much detailed iaformabtion an the davelopaent
of the two specics, though an attempt was made by Passos de barvalho
(1968) in Angola on A, gosetup waich she reared abt throe constant tempe
eratures, A knowledge of the developmental rates of tha loosl 'races!
would enable o betier understanding of population cycles in the field;
congeguently the two specles were reared in the laboratory under

constant conditions,

It was also nocessary Lo be able to idenlify the different stages
in the cycle of the two species, su that development of field populate
ions could be studied; larval head capsules wers useG to deteruiae the

stage of growth (instar),

The problem of daining instars and stages of lusecis hes been a
topic of recent controversy (Hinton, 1971; Wigglesworth, 1073;
Hinton, 1973). Snodgrass (1935) stated that thas begianlug of an

instar should be recikoned from the Lime the o0ld cuticle is loosened



from the spidermlis. Jenkin and Hinton (1966) introduced ths term
apolysis for the detachment of the epidermal cells from the cuticle;
this was regarded as the crisis of moulting and not ecdysis (when the
cuticle is shed), Wgglesworth (1973) points out that apolysis is a
gradual process and is, therefore, not a convenient criterion for
separating the instars, Hinton (1973) agrees that for msny aspects

of physiology, behaviour, ani ecology of the insect, ecdysls is of

much greater significance than apolysis. This is particularly trus

of the dramatic change in Behaviour at the pupsleadult ecdysis of an
endopterygote insect, Since this study is not of a biochemical nature,

where apolysis is mare important than ecdysis, the classic system of

defining instars and stages of insects has been used,

Mothg obtained from a meronry-vapour light-trap situated at the
Salisbury Research Station were placed in glass preserve jars,
measuring 90 mm in diameber and 170 mm high, The mouths of the jars
were fitted with gauze, on top of which were placed quarters of filter
paper circles (110 mm in diameter) which were held in position by
sand=-fillad polythene bags., In the jars were placed small containers
with cotton wool socaked in a 20 per cent glucose solubion, to provide
nourishment for the moths, The jars, with the moths, were placed at
seven constant temperatures (150, 180, 210, 240, 270, 500, and 5363)
and the resulting eggs, larvae, and pupae were rearsd at these {emp~
sratures. lemperatures were checked by placing thermographs in each
regime for seven days at each check, The variation in temperatures

were found to be 15°% 1%, 18% 0,5%, 21% 1%, 24% 1%, 27% 0.5%,



50?; 100, 5391 1%. The course of variation was found Lo be appr 0Xee
imately equal above and below the stated temperatures, so that the

latter can be said to be tLhe mean temperatures.

Filter papers on which eggs had bsen laid usre transferred daily
te plastic pill coxes; eggs that had been deposited on the walls of
tone glass jars were transferred by imcans of a molstened, soft, camnele
hair orushe., On hatching, the larvae were placed in plastic pill
voxes (50 mm in diameter, 22 um high), having a fine-meshed gauze lid.
Approximately 60 newly-hatched larvae were placed in each pill box and
the number was decreased successively with their growth, until there
were cnly three full-gzrown larvas per container, This successive
reduction in numbers became necessary for, apart from increased space
requirements, it was found that the larvae were cannibalistic, The
larvas were provided with a semi-gynihetic diet described by Sharey

and Hale (1965), The diet consisted of the following ingredientss

Soaked beansg 23,54 per cent by mass
Driaed brewer's yeast 35453
Ascorbic acid 0.35
Methyl p-hydroxybenzoate 0.22
Sorbic acid 0.11

Formaldehyde (40% soclution) 0.22

Agar 1.41
water 7C.62
100 .00

The agar, as a waru solution, was added to the diet alter it had
been homogsnised and the mixture was poured into trays 156 mm deep and

allowed to gel. Once golled, the diet was cut into 25 mm sguares,

9



placed in polythene bags and stored in a refrigsrator until regquired,
Dsspite the three preservatives amd mould iusnibitors (mebhyl pehydroxy-
benzoate, sorbic acid, and formaldehyde), included in the diet, it was
found that the plastic pill boxes had to be disinfected in a 0.5 psr coent
solution of sodium hypochlorite to xeep fungal and bacterial contame
ination to a minimum, Larvae were given iresi food at [reguent
intervals in arder to reduce tne incidence ol contamination and %o

ensure that larval growth was not hindered.

When larvae had pupated, the pupae were removed from the diet,
sexed (see section ©,3.2. (¢)), and placed in disinfected pill boxes,
Moths emerging from the laboratory cultures were used in further lab-
orataory breeding, though moths obtained by light-trapping from 'wild'®
populations were continually introduced into the labaratory cultures.
By this cross-breeding vetween the 'wild! and labaratary populations,

the frequency of 'wild-type' genes was maintained in the gene pool,

Ubgervations and records were made betwesn 0800 h and 1200 h each
day, so that individuals were observed at approximately 24 h intervals,
The times taken for completion of each stage of developwsnt in the
life cycle were noted for each temperature, From these results the
mean periods of development were calculated together with their
standard deviationsg and standard errors. Further treatmnent of the
regults was undertaken to compute the temperature-velocity and teup=-
arature=time curves of eadh stage over the range of tlemperatures used
(Davidson, 1944). The mean developmental period in days aad their

reciprocals were plotted against temperature, A logistic curve of

K
the fm }- = m was fittai tQ the data. The fractim
y l+ef<

‘} repregsents the raciprocal of the time required for complate
J



development to be achievad at a given temperature x; and K, a and

v are constants, The constant K was obtained from the formula

‘ 2
2P P Py = P5(Py + Py) -
K= , where Pl’ P2 and P3 are values for —
P.P, - P* v
1F5 = Fp

at three equally spaced temperatures. The value of K was substituted

into the formula K -P ¢y obtain yi which was then used in the
1og10 =P

formula for linsar regression, yi = g + bx, Thus values for a and b
were calculated, and multiplied by 2.3026 to convert common to
Naperian logarithms, The values of the constants K, a and b were

then used in the equations for calculating development periods in

( 1+ e8=Dbx,
days from known constant temparatures ( y= ard
K ) |
( )
for calculating percentage development in one day ( 100 = 00K )

y 1+ea-Exg'

6oeRe2, Description of Stages in Life Cycle of A, gegetum and A, icgllon

To provide a basis for the identification of gspecies in the field,
external morphological features of sach stage in the life cycle were
examined by means of a stereomicroscope having a maximum maghification
of x100., Features that provided a means of distinguishing the two

species ware noted,

The larvae of both A, ipsilopg and A, geggitym undergo a series of
moults during the growth process. Bach stage of growth (instar) can
be determined by the width of the head capsule, which is the least
variable portion of the larva and the most durable part of the exuvium
(Satterthwait, 1933)., A population of each species was reared in

the laboratory and the moulted head capsiles were collected after each



moult, A total of 100 capsules from each instar were mounted on
slides and measurements of wvidth were made using a microneter eye-
piece in a stereanicroscope, The magnification used varied from x16

to x40, so that accurate results could be obtaimed,

€.3, Results

Cadeda. Dovelopment Periodg at Constant Temperatures
(a) _Incubatic Periels of fee

The mean periods of incubation of eggs pluaced at seven
constant temperatures are shown in Table I, The logistic curves
for the two species are shown in Figs. 8 and 9, and the equations
for determining the developmental periods in days (y) at known
constant temperatures (x) are:

1 + ¢3+7834 = 0.1709 x
A« dngilon y=

0.408737

l + 35.7655 - 0.3105 X

As_sszatun y=
0.251320

The eguations for the average development per day are tho

reciprocals of the above x100 (temperature-time curve).

It can be seen from Table I that A, ipsilon is able to
complete embryonic development in a shorter time than A, gezstum

at all the temperatures tested,

(h) _ Developmantal Pericds of the Iarvae

The means periods of developmernt of the larvae, fed an a
semi-synthetic bean diet at seven constant tenpsratures are

shown in Table II., A groundnut diet, based on the bean diet,



TABLE I.

DEVEIOPMENTAL PSRIODS OF GGS OF A. IPSIION AND

As SEGETUM AT S8VeoN CONSTANT TEMPSRATURES.

%

Mean pericd (days)

mSpecies Tamp, SaD. SeE. n
A lpsllog 15 12.9 1.08  0.03 1 289
18 7.1 0.74  0.02 1 376
21 4,9 0.80 0.02 1585
4 4,2 0.49  0.01 243
27 3.4 0.68  C.02 1 149
30 3.1 Ce4l 0401 1645
83 2.9 0.22 0.0 502
A._segetun 15 14,5 .21 0.04 914
18 8.8 0.98  0.03 1 059
21 5,7 0.76  0.02 1434
24 4,9 0.84 0,02 173
27 4.3 0.78 0,3 675
30 4,2 0.30 0.0l 1495
33 4,0 0.47  0.02 555
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TABLE II. DEVELOPMENTAL PERIODS OF LARVAE OF A, IPSILON

AND A, SEGETUM AT SEVEN CONSTANT TEMPERATURES AND RiARED

ON BoAN DIET.

Temp. %

Opecies Mean period (days) SeD, Sele n
Aa_ipsilan 15 77,7 4.96  0.65 62
18 41.3 17.25 Z.44 50
21 3548 290 0,53 30
24 2849 LetiQ 0.24 16
a4 24,8 R.26 032 50
50 Rl.4 1.21 0.40 27
353 2062 1.11 0.27 17
As_sezetup 15 128,53 4,52 | 0.87 27
18 62.8 1,61 0.18 80
P § 36,9 2,93 0,29 102
24 33,2 5.82 0.56 108
27 28,6 2.78 0.29 92
30 31.1 4,74 0.45 111
33 24,7 1.51 0015 101

At
~



was offered to the larvae bubt it was found that a very high degree of
mortality occurred., The few reosults that were obtained indicated
that larval development was almost doubled, With the high mortality
and the protracted developmental periods, the groundnut diet was
discarded as being neither suitable nor relia®le to obtain data that
could be related to ths field. The logistic curves for the larvae
reared on the bean diet are shown in Figs. 10 and 11, and the equations
used in calculating the periods in days (y) and the constant temp-
eratures (x) ares

1 + 6500475 - 0.0978 X
A ipailon y=

0.098483

1+ e7.08‘85 - 0.3825 x

Aa gagetun y=
0.056054

Again it can besseen chat A, ipsilon develops at a faster

rate than does 4, sogatum at all of the temperatures tested.

{e)l Developmental Periods of the Pupae

The mean pericds of development in the pupal stage at thne
temperatures used are shown in Table III, The developmental
pericas of both sexes have bzen tabulated separately, but the
logistic curves (Figs, 12 and 13) have teen calculated using the
combined mean periods of both males and females, IThe equations

used for the logistic curves &res

5.2900 = 0,1125 x

-

A. ipgilon y = =2
0.188609
| 1+ 039928 - 0.Z108 x
As_sedotun y =

0082676
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TABLE III. DsVELOPMENTAL PERIODS OF PUPAE OF A, IPSILON AND A, SuGeTUM
AT SEVEN CONSTANT TEMPERATURES.

Famale pupae

' Male pupae
3pecles Temp. a(: {— _
' Mean SeDe SeEe n | Mean SeDe Sebie

Ad ipsilap 15 39.9 | 1.83 | 0.46 | 17 | 38,5 1,50 0.2
18 23,4 | 0,72 | 0.20 14 @ 23,5 1.19  0.32
2, 16,3 | 0,75 | 0.25 12 | 16,0 1,08  0.43
24 1444  1.2¢ | 0,51 17 | 14.2  1.82  0.37
27 12,1 1,13 0.3 10 11,1  0.90 0,28
30 9.8 0,75 0.3 5 9.8  1.32  0.66
33 9,0 = = 1 10,0 - -

Aa_pagetun 15 44,5 1,92 0,61 11 44,0 2.65 1,00
18 27,7 | 1,13 | 0.2 25 | 26.2 1.8 0,35
21 18,8 1,32 | 0.2 28 | 17.7 l.21  0.22
24 17,4 1,61 0.28 3¢ 15,7 0.85 0,18
27 14,7 2,24 0,52 20 13,3 1.35 0.2
30 13,3 1,38 0,32 19 | 13.7 1l.24  0.25
33 32,2  0.95 0.26 16 11,6 0.62 0.18

14
15

-3

1l
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The more rapid develcpment of 4, jpsilon is again encountered

in the pupal stage.

(d) Developmanta] Perjcdg of inole Cycle

The mean period for completion of tlie imuature stages of
both gpecies ut the temperatures used are tabulated in Table IV,
and the logistic curves have bssen calculated from mean periods of
dsvelopment of <gg, larva, and of both sexes of the pupae, As
the size of sample of each stage was Jdiftferent, it was not
possible to compute the standard deviations and standard errors
for the whole cycle. The logistic curves have been calculated
using the following equations and are shown in Figs. 14 and 15,

1+ o3+1227 = 0,1107 x

0.052174

l + 950024‘1 - 002754 X

0.02192

Taking the times for completion of the whole cycle from the
deposition of eggs to the emergence of adults from pupae, it can
be clearly seen that A, ipsilon is capable of faster development

thar 4, gesetum at all teuwperatures,

Description of Stages in Life Cycle dwmﬂw

{a) iggs (Plate 1)

The freshly-deposited eggs of jgrobig iosilon 4na 4, segotum
are pure white, though there may be tinges of arown from scales
of the female's abdomen, and in shape are ovoid but compressed at
the base (anal pole). From the elevated micropylar field
(cephalic pole), ridges radiate like meridians to the points of
adhesion with the substrate. The radiating ridges give the eggs

a sculptured appearance, and it is on this basis that the eggs of

Ll



TASLE IV. DEVELOPMNTAL PEAIODS OF THE IMMATURE STAGES OF
As IPSILGN 4D A, SEGETUM AT SKVEN CONSTANT TEMPERATURES.

Species Temp., % Mean period (days)

A ipsilon 15 128,9
18 71,8
21 §4,3
24 47 .4
27 39.8
39 34,5
33 32,6
As_sszetun 15 187.1
18 38,6
2 €049
4 54,7
27 46,9
30 48.8
| 33 | 40,6 ]
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PLATE 1, KGGS OF AGROTIS SPP.
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the two species can be readily aistiuguished., The troughs
between the ridges of 4, gepetum are gensrally smooth at the
micropylar end with a few pits towards the base, whereas cross-
connecting ridges cccur in the troughs of A, jpsilon giving a

distinctly pitted appesrance.

Abcub 24 h after veing deposited, the eggs lose the white
colour. 4 red=brown spot, of irregular shepe and size, appears
around the micropylay field and an irrsgular band of the same

colour appears arocund the 'equatar' of the egg. The rest of the
egg darkens in colour to a light-grey. Laler the egg becomes
a nniform dark-grey colour and the embryo uvecumes visible within
the chorion, The darkly pigmented head capsule of the embryo

can be distinguished shortly before it is dus to hatch,

Fiodler (1936 ) found that hatching of the young larvae takes
place mainly at night. As the embryo lies in a spiral within
the chorion, the exit hole that is chewed by the larva is found
to the side of the micropylar field., After hatchning vhe larvas
feed on the chorion, starting at the exit hole, and continne until
aoout nalf is consumed. The smpty egg sac is the [irst food

source of the newly-hAatched larvae (Fiedler, 1936).

gb) larvge (rlate 2)
¥rom the measurements of larval head capsules, the mean and
range of widths of each larval instar were determinod, as shown

in Table V znd in Fig, 16,

From Table V and Fig, 1€ it can be ssen tnat g4, segebyu

I
O



TABLE V. MuAN WIDTH AND RANGE OF WIDTHS OF LARVAL HiAD CAPSULLS

Species  Instar  Mean width (mm) S.D.  Range of width (mm)

Audpsilan 1 0,30 0.01 025 = 0,33
2 0,49 0.03 0s44 = 0.54
3 0.80 0.05 0468 = 0,90
4 1.35 0.09 1,10 - 1,68
5 2,08 0.14 1.8¢ - 2,40
8 3.07 0422 .50 = 3.63
7 3.45 0,16 5,19 - 3,65

Ao pocetus 1 0432 0.01 0.26 = 0.36
2 0454 0.05 0.48 = 0,59
5 0.82 0.04 0,72 = 0.92
4 1.3 0.09 1.04 - 1.68
5 2,00 0.11 1.76 = 2,44
8 |

2.91 l 0021 2052 ) 5.%
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passed through six larval instars while seven are listed for
As_dbsilone. However, of ihe population of §, ipsilop under
observation only €, per cent underwent the extra moult; the head
capsules were ao wider than those of €th instar, so that dospite

an extra moult there appeared tc te no uppreciable growth,

First instaer larvae are about 1.5 mm in length after hatcliing
and grow to about 4 mm beforz the first moult takes place, Only
two pairs (on abdominal segments V and VI) of the full complement
of four pairg of abdorinel pseudopods are functional during the
1st instar, so that the larvae have a semi-looping gait at this

atage,

In the 2nd instar the third pair of pseudopods on abdominal
segment IV become functicinal, so that the git is somewhat loop-
ing. The length of the larvae varies from about 4 mn to & mm
when in 2nd instar, During the 3rd instar all the abdominal
pseudopais becoms functional, though the anterior pair on
abdominal segment III may be reduced, and the gzit is nearly
normal, The larvae range in length fram about 6 mm to 11 mm at
this stage. By the 4th instar, when they vary in length from
11 mm to 19 mm, the galt is completely nornal with 211 pseudo-
pods completely developed. Fifth instar varies {rom about 19 mm
to 26 mm, while €th instar ranges from about 26 mm to 38 mm though

As lpsilep usually reaches a length of about 43 mm,

The larvae of A, segeium vary somewnat in colaur, but are
mogtly a uniform dull-grey or lead coloured and frequeatly there

ig a suggestion of a reddish broad median dorsal stripe,



As dpsilog larvae uce usually darker in cclour than those of

As _gagetuym, greasier in appearance, and rather more constricted
vetween the segments, Howsver, the two species are more easily
distinguished in the larval stage oy the skin granules, and the
larval key (Blair, 1948) has becn found useful for larvae in 2nd

instar upwards (seo section 5.3.).

Wnen the larvae bacome fully grown, they cease feeding and
prepare an eurthen cocmoon in wihich %o pupate, Fiedler (1936)
found that a fluid is secreted from the salivary giands and is
mixed into the goil surrounding Lhe larva by rolling and turning
novaments, Thag2 movements =21lso enlarge and smoothe the cell in
whicff the larva is located., Once the pupzl cell is constructed,
the larva becomes inschtive ané shrinks along its longitudinal axis
undergoing a change in colouration from light- or dark-grey to a
cream or yellow, ‘Ihis stage is khown as the preepupa (Plate 2),
2 transition phagse during which the full-grown larva preparss for
the transfarmation to pupa., The pre-pupa .in Iepidoptera .oes not,
however, constitute & distinct instar (Imms, 1957)’ but includes

the pharate pupal stage.

{c)  _Pupag (Plate 2)

doer the larval skin of the pre-pupa is finally moulted
within the earthen cell, the pupzal cuticle is exposed., After a
short time the cuticle hardens and darkens to a shiny chestnut-
brown colibur, The ssexes way be distinguished at this stage by
the morphology of the posterior abiominal segments (Blair and Read,
1969), In the female there is an apparent fusion of the aperture

of the bursa copulatrix and the aperture of the oviduet to form a

Sk



longituiinal groove stretching between abdominal segments VIII
apd IX, while the male pupa bas a genital aperture on segment
IX, In both sexes there is an anal aperiture on segment X,

The sexes may be distinguished at a later stage when the moth is
about to emerge by antsennal characters, which can be discerned
through the pupal cuticle. The females have filiform antennas
and the males have plumose antennae, It was not possible to

distinguish the two species in the pupal stage.

(d) _ Adults (rFlates 3 and 4)

Ihe moths of A, ipgilop nhave a wingspan of 40 to 50 mm and
a length of' 16 to 22 mm, 'The head, thorax and abdomen are a dull-
grey at light brown in #olour., The middle of the forswings are
marked with a transverse brownish band, bardered by the antemodial
and postmedial lines, and a reniform spobt near the fore.marging
orbicular and claviform spots lie nearby towards the base of the
wing (terminology accarding to Janse, 1932). Other parts of the
fore-wing are greyish brown ﬁt\dark-brown to blackish markings.
The hind wings are white with dark vsins ani brown margins, The
above doseripticn is made clearer when read in conjunction with

Plate 3,

The moths of J, gegetun have a wingspan of 3 to 40 mm and a
length (head, tharax and ahdomen) of 15 to 20 mm, The head,
thorax and abdomen ars greyish-brown to reddish brown as ars the
fore-wings, though the lateral and fore-margins of the latter are
usually darker, i broad transverse central band of the fore-wing,
demarcated by dark undulatory antemedial and postmedial lines, has

a fairly large dark brown or grey reniform spot towards the outer



PLATE 3, MOTHS OF AGROTLS IPSLLON HUFNAGEL.
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PLATE 4, MOTHS OF AGROTLS SZGETUM (DaNIS & SOHIFFEAMULLER),

(Top - male; 3ottom - female)
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margin and a smaller, lighker coloured orbicular spot towards the
base (terminology according to Janse, 1932). The hind wings are
pearly wiite with the veins becoming dark at the outer margins

(see Plate 4).

€.4, Discussion

The results obtained from the rearing of A, segetum and 4, ipsilen
at constant tempsraturss show that for all immature stages in the cycle
and at all temperatures used, there is more rapid development by
A, ipsijon than by A, gegstum. This phenomenon is confirmed in
Bulgaria where the levelopmental rates from egg to adult for A, ipsilon
(Nbkolova, 1961) and A, segetun (8@nchev, 1968) at about 25% is 40,7
days and 45 days respectively, From this it would be expected that
Ay Jpsilon, having the capability of completing more gensrations per
year, to be the more opportunist of the two species. However, as
was shown in the chapter on economic importance, A, segetum is the

commonest and nost destructive species in Rhodesia.

Comparison of the devslopmegtal rates of the two species in
various parts of the world with those obtained in Rhodesiz reveal
interesting differences, In all cases of comparison, the relative
logistic curves of each species have been used to conpute the develop=
mental rates in Rhodesia, If the data from countries with warm
climates (1like Rhodesia) sre compared, it is seen that the development
rates are similar, For example, the period reguired from egg to
adult of 4, ipsilgs at 22°C in Egypt is 55.8 days (Abdel-Gawaad and
El-Shazli, 1971) and im Rhodesia it is 56,0 days; and the same species
in Alabama (Mangat, 1971) also develops at a similar rate to the

Rhodesian population from egg to adult, that is, 67,5 and 66,5 days



respectively at 20°C, 41.2 and 45 days rospectively at 26°C and 32.5
and 33,7 days respectively at 30°%. The development of the Angolan
population of A, gogetum (Pussos de Carvalho, 19€8) from egg to adult
at 25% takes 47 days and 39 days at 30% and are comparable with the

ad

resulis of the local population, which takes 50 diys at 25 and 45
uays ab 30%. However, il comparison of developmental rates is made
with countrias having cold climates it is apparenl that the populations
in these countries are betier adapted to low bemperaturss than the
Rhodesian population, Data given by Nikolova (1961) ou Lhe biology

of ja ipsilon in Bulgaria shows tlat larval development at 18°%C takes
24 days, whereas the local population takes 47 days at this temperalure,
Similarly wiblh 4e gegoium, larval development at 13% in Bulgaria
(Genchev, 1968) takes 132 days amd, by extrapolation of Lhe temperature-
time curve of the local population, it would take infinitely long in
Rholeyia, Druzhelyubova (19€3) found differences in responses to
temperature by nopulations of 4, segetym in the north and south of
Russia, At 50 the iamature stages of the southern population lasted
45 days, while the northern population lasted 60 days at the same

temperaturas,

The ihodesian populations of 4, gegetum and A, ipgllon would seem

to be adapted to the warmer temperacures, and no development takes

place at tempsratures below about 10%.

It is also apparent from the results that female pupae develop at
a faster rate than the male counterparts. This phenansnon has been
noted in papers on cutworms of both species (Nasr and Naguib, 1963 a;

Passos de Carvalho, 1988),



vavidson (1944) in his paper on the relationship between temperaturc
and the rate of development of insects at constant temperatures, discussed
various methods of handling data of these relationships. Of the various
methods he found that tne logistic curve best represented the trend of
speed of development of insects for 85 to 90 per cent of the camplete
range of temperature at which development can continue, As can be
secn ftvom ths rasults, the calculated logistic curves follow the trend
of the observed means, and it is only at the lower linit of the
exparinsntal ranges of wemperatures that appreciable discrepancies

oocur,

In obteining measurements on widths of larval head capsules, it
was noted that a small percantage of A, Jpgilon underuent an extra
moult, This phoncaenon of oxtra moults in A, ipsilon has deen
documented by Satterthwait (1933), who fouud that there could be a
7th instar as well as an 8th instar in north America, He found that of
those larvae reaching the adult stage, 57.4 per cent passed through six
larval insiars, 38,9 per cent required seven larval instars and 3,7
per ceat rcguired eight instars, le was ucable to explain the reason
for the extra mcults and he found that the increass in head capsule
width was reduced for stages after the €th instar, as was found in

this study,

From the capsule measuremendb it would appear that there is little
overlap in width at least up to Sth instar and that this meusurcment
can, therefore, be used with confidence to determine the stage of
growbth up to 5th instar, Some doubt may attach to a few specimens in
the zone of overlap between 5th and “th instars of A, gezefum and

slightly more doubt may apply in the case of A, ipgilon wiere the head



capsules of the larvae show overlapping widths in the 6th and 7th
ingtars, However, since only €.5 per cant exhibited the additional
instar, the head capsule width can be used to determine the stage of
larval growth of both species. Comparison of the mean capsule wiaths
of 4, segotum in khodesia with Angolan data (Passos de Carvalho, 19€8)
indicates that the Mngolan population is sligntly smaller up to the

S5th instar, but that the final instar is the same size in both countries.

Fiedler (193€) maintains that prior to the emergence of the moth,
the pupa leuves the sarthen cell and, by drilling wmovements of the
abdonen, moves bto just below the soil surface to facilitate escape of
the moth, lHowever, all evacuated cells that have been examined in
Rhodesia contain remsins of the pupal cuticle, indicating that the
pupa (pharate adult of Hinton, 1273) does not leave the cell, Nasr
and Naguib (1993 b), working on A, ipgilon, recorded that the moth has
the strength tc snable it to work its way through the scil %o the

surface.,



7, EFTECTS OF TEMPERATURE ON FERTILITY OF
AGROTIS SEGETUM AND A, IPSILON .

7.1¢ Introduction
During laboratory rearing of Agrotis segetup and 4, ipsilaop, it
was notlced that female moths emerging from imuature stages reared at
30° and 33% very raraly produced fertile eggs. This occurred daspite
the females being confined with at least one male moth of the same
species, It was of interest to determine which sex was sterile,
Raichoudhury (193 ) has shown that high temperatures retard spermatoe

gonesis and reduce the motility of sperm in the moth jphegtis
thniella.

7.2, Methods
Male and female moths that had veen reared at constant tempsratures
during their immsture lifs were confined together in glass preserve
jars (as described in section €6.2,1.), and placed at room temperature,
The female moths were dissected, after eggs had been 1aid for two days,
to determine whether they had been paired; using the presence or
absence of spermatopnores in tite bursa copulatrix as the criterion of
copulation by the male moth., The state of maturity of the female
gonads were also noted during dissection., Ftertility was measured by
he eclosion of larvae from eggs.
Resulbs
7.3. Vobweds
The fertility of moths that had been reared at various teaperatures
during their imzmature life and mated with moths of thie opposite sex,

which were also reared at various temperatures are shown in Table VI,



TABLE VI. FHRTILITY OF ZGGS LAID BY FEMALE MOTHS RBARED AT
VARIOUS TEMPHRATURES AND 4ATED WITH MALES RuARED AT

VARIOUS TEMPERATURES «

Rearing temp.ob Mean eggs Mean sperme- Mean eggs  Number
Species

Male  Female laid/ ®  atophores/ ¥  fertile £ nmatings

As segatunm 33 33 79.€ 0.11 0.00 9

33 50 7€.7 0.00 0.00 10

33 7 8l.2 0620 0.00 10

33 24 85.0 0.08 0.00 2

30 33 16,9 0623 0.00 13

30 30 39.7 0«70 2480 10

30 27 63,7 0420 G.00 10

30 24 67.4 .00 0.00 10

27 53 129.1 0440 0,00 10

2 30 191.9 0.78 35,01 9

7 27 R20,9 0.40 33400 10

27 24 21,7 0.44 28432 9

24 33 94.1 0.00 0.00 10

P 30 121.0 0.3 18420 11

4 27 141.9 0422 18,40 9

o 24 195.9 0.60 47,60 9



During laboratory rearing at 3% a gynandromorph of A. gegetum
emerged from a pupa that had been sexed as male, using the morphological
features on the terminal abdomiral segments. The moth (Plate 5)
exhibited dimorphism in the antennae, compound eyes and wings; the
left side being female and the right side male. However, the abdomen
did not show any dimorphism as both the external and internal genitalia
were iypically those of a male, The head and thorax were the only two

regions where dimorphism was manifested in a lateral plane,

Tedeo Discussion



PLATE 5, GYNANDAOMORPH MOTH OF AGRUTI3 SAGETUM.

(Left - male; Right - female)

bs



8, ASPECTS OF BFHAVIOQUR AF¢sCTING LARVAL 3ICLOGY

OF AGROTIS SEGETUX AND A, IPSILON.

8e.1s Introduction
As 1t is the larvae of A, _segetum and A,_ipgilon that cause
damage to plants, their bshaviour is an iamportant aspect in biclogical
stadies where vulnerable features are being songht to implement control
aothods, From the literabure it is apparent that very little detailed

behavioural work has been done an the larvae of jAgrotis.

Jack (1918) observed that young cutworms fed considerably during
the day on prostrate foliage., Fiedler (1936) records that Agrotis
larvae were repelled by light a few days after hatching, and that by
the 3rd instar Lney were completely photonsgative., The light reactions
of the sutworm Ipyphaeps progubs were investigated by vadge (19€4), and
of the spotted cutworm gmathes c-—pigrum by Olson and Rings (1969).

It appeared that the phototactic reactions of A, igsilon and A, segetum
have not been investigated in any detail, and since the ocbgervations
and results of the above workers show that young larvae are photo-
positive, it seemed that a knowledge of this aspect of larval behaviour

could be of great valus in population managsment,

Other aspects of larval behaviour investigated were their feeding
benaviour, their ability to survive on crop debris and weeds, depth of
pupation in the soil and their patterns of emergence from, aml entry
into, soil. Observations by myself amd other entomologists in
Rhodesia (Jack, 1918; Rose, 1962) indicated that crop residues on
agricultural lands encouraged cutworm attack on the next crop; the

larvae attacking seadlings are usually in 4th instar onwards, and the

ol



only food available far these larvae Lo have developed to this stage
of growbth is orop resiuues anu growing weods. IL was, therefore,
decided to invegtigate the survival ability of larvae on crop rasidues.
The reason for attempting to find the patterns of amergence from, and
entry Labo, soll was that a previously recommended control method of
using insecticidal baits was found to be ineffective in many cases,

It was noecessary to kaow whether larvae in ths later instars cams o

the soil surface,

8.2, Hethods

Saguada Plototactic Responsas

A wooden, light-proof, rectangular box (565 mm high and 145 mmz)
was constructed, on the lines of the apparatus used by Clson and Rings
(1969), to test the photic reactions of the two species of cutworms
under study. The interior of the apparatus was coated with matt black
paint to reduce reflection of light, The front of the bux was remove
able and an opening at tie top of the box allowed a 10 W incandescent
lamp, with a ;ondanser, to be housed.s ITwo glass plates, which aided
in eliminating most ultra-violet radiation, were situsted at different
levels in the box, The first, situated 290 mm from the base, held a
petri dish containing 30 ml of a 3 per ceat solution of ferrie ammonium
sulphate which eliminated radiant heat. The second glass plate was
gituated 140 mm from the base. On either side of the box, 80 mm fram
the basa, wore two holes which allowed a thermometer and a photocell to

ba inserted,

The lamp was supplied from a variable (0 to 6 V at 1,5 A maxioum)
stabilised power supply. The stabilised voltage for ihe photocell

measuring cireuit was also taken from this supply. The illuminance in



the lighteproof box was controlled by means of a linsar potentiometer
and the photocell., The latter was counscted to a aicroamneter, having
a togzle switch to gige a high and a low range, and tiec readings
obtained were calibrated against an isel Photometer, The elsctronic

circuii is saown in IFig 17.

ihe choice chanbers consisted of petri uishes, one 60 mm in diameter
and another 90 mn in diameter, with a layer of paraffin wax in the
bottom, The su:ller chamber was used to tsest ths responses of larvae
in lst and 2nd iastars, and the larger chamber for the last four instars,
One half of each chamber, including the lid, was covered with a matt
black paint. Ilowever, wien light from the lamp struck the paraffin
wax, it was noticed that there was reflection of light into the dark-
sned half of the chamber, The degree of darkness in the darkened Kalf
was tested by placing ciecles of photographic bromide paper in the
choice chanbers and exposing Lhea toA§?§ht soaurce for § s,  After
developing the exposed papers, it was seen thal the darxened half of
the chambers were not dark enough to provide a satisfactory choice,
The dishes were, tierefore, blackeonsd cospielely emcept for nalf the
1id, and circles of bromide paper were ggain exposed, It was found
that the reflection of light into the darkened half of the chambers
was considerably reduced and provided a aore distinet choice of light

and dark,

Twenty larvae in 1lst and 2nd instar vere used in each test, 15
larvae in 3rd instar, 10 4th instar larvae and six larvae in 5th and
6th instars, e larvae wers reared at 24°C and the tests were
conducted at 20° to 25% betwesn 0800 i and 1400 h., Iarvae of known

age were randomly distriouted in tne choice chanber and the light
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intensity was decuermined at 713,05 1x, zach test was run for 10 min,
after which time the nuwber of larvae in the light and dark halves
were noted, The tesis wer repllcated five times for sach day of age
and the mean reaction index (RI) was calculuted according to the
formuliag

RI = 1GOSL - U)

N

where L ig the numoer of larvae in the iliuminated side, D is the
cumder in the dark gide and N is the total number of larvae in the
test (Madge, 1964), A choics for the light side is thus shown as a

nogitive value, and for the dark side as a negative one.

During field observations, the number of larvae obsarved above
and below the soll surface betwsen 0200 h and 1230 h wsre noted,
Sampled individuals were brought into tne laocratory and the width of

the head capsules measured tc determline the instar of the larvas,

Satake feoding Dolaviour

{a) __Gegeral Qbseryations

Observations on the feading behaviour of the larvas vwere
carried out <uring field work at Gwebi Agricultural College,
The larvae were confined within asbestos cylinders, measuring
06 m in diameter and 0,45 m high, over young maize plants grow=
ing ig an agricultural land and tobacco seedlings growing in a
seed bed,

F 3ai Firgt on _Tobgcco
Larvae hatching on tobacco seedlings were never observed

feeding and they very scon died, Specimens of dead jgrotis larvas



were examined microscopically, and it was found that they were
held fast in the aroplets of secrstion at the distal ends of the
trichomes (Plate 6), The young larvae did not seem to have the
ability to overcome the stizkinegs of the secretion and apparently

dled from starvation.

fExperiments were carried out to investigate the cause of
death of the lst instar larvae, Newly-hatched larvae of both
gpecies were placed in plastic pill boxes containing discs of
tobacco lsaves, wiicn were treated in four ways. The firat
treatment consisted of fresh tobacco leaves, the second of fresh
leaves that were rubbed three times with a cheese=cloth to spread
the sacretion at the distal ends of the trichomes, the third
consksted of leaves that had be=n unger refrigeration and then
ruboed, and the fourth of fresh lesaves that were washed in running
water (1 litre/min) for 15 min to remove the trichounal secretion,
The foul source was renewed each day after agsessment of survival

nad been made,

4 further experiment was carried out to ascertain whethner
there were differences in the amount of trichomal scecretion
produced by toree varieties of tobacco. A Virginian toovacco
(Kutsaga El), a burley tobacco (21) and a Turkish tobacco (Samson)
were those tested. In sach case i'reﬂ,aavas wore used, and the

food source ims renewed each day.

8s8a3s __Survival of larvae og Crop Debris and deeds
Agrotis segetum larvae in 4th and €th instars that had veen reared

on bean diet were given dry maize stalks, woistened ary maize stalks



PLATE 6. AGHOTIS LARVA IMMOBILISAD BY

TRICHOMAL SECRATIONS ON TOBACCO LEAF,



and bean diet (control), and placed at a constant temperaturs of 24°C.,
Twenty—eight larvae in “th instar were used in each of the three treate
mentg, and 20 larvae in 4th instar were used in each treatment., Pupae
that resulted from fth instar larvae under the three treatments wers

weighed soon after pupation,

A lJand planted to maize at Guebi Agricultural College suffered a
cutworm attack, and provided material for observations on the survival
of larvae on wead growth., The land was irfigated in early August to
bring it to field capacity, and was then ploughed. In early !ovembsr
the land was dige-harrowed and sown to maize a week later, Counts of
larvae per length of row of maize were made in the areas with a poor

plant stand and in aress with a good stand,

Larvae that wers about Lo eater the pre-pupal stage were placed
in glass beakers containing a red-loam soil or a sand, The solls
ware at least 80 mm deep and wers drought to varying molsture levels
(10, <0, 28 and 35 per cent by masgs in the case of the red-loam soil,
and 0, 5, 10 and 18 per cent in the sand). Bean diet was placed on
the surfacze of ithe soils and the bsakers ware covered with polytuene
sheeting, to maintain the moisturs lovels in the soils, and then placed
in & dark roam at a constant 26°C. Once the larvae had pupated, the

depth of ths pupas below the soil surface was measured,
pup

BaBa5a Patterng of Riuergence from and Entry inte Soil
Before embariing on thls study, it was n2cessary to estahlish
whether photonegative larvae tunnellad through the soil in search of

food, or only burrowed to takas rafuge during daylight. Fhotonegative



larvae wero placed in pots containing moist soll and bean seedlings.
Once burrows had veen formed in the moist socil, a solution of warm
gelatin was poured into each burrow mouth and allowed to zel vy placing
the pots in a refrigerator, in this way a caste of the burrow was

obtained,

the stud¥ posed problems in recording when later-instar larvae
in the field came to the soil suriace and retreated into the soil,
since the phototactic responses are negative at this stage of growth
(see section 8,.3,1.) anmd this activity is, tvherefors, liksly to take
place at night, Apparatus was uevelopad to record tnese activity

patterns in the laboratory,

The apparatus consisted of an artificial burrow with a spring
loaded cage above, A tube, 60 mm long and 19 mm in aiameler, was
filled with Plaster-of-Paris, and then a hole 10 mm in diameter and
55 mm desp was bored Lo produce an arbtifieial burrow, 4 eclear plastic
pili box, S50 am in dlsmeter and 22 mm high, with a {ine-meshed gauze
1id and an 18 mm hole bored through the floor, constituted ihe cage.
Around the bored hole in the floor of the cage a rigid plastic collar,
20 mm in diameter, was atteched to the ventral surface and a length of
eoil-sprung curvein wire was screwed into a hols in the side of the
cage., 1he cege was suspendeq by means of the coil spring, so bhat
the rigid plastic coliar iitted over the tube of the artificial
orrow (Fig. 18)e The apparatus was elsctrically wired so that the
cage and the burrow acted as a switeh, and then comnected tc¢ ar electro-
snagnetic marker, The mainsg power gource was stabilised and rectifiied
by means of the elecironic circuit used in the light-dark ciioice

chamber apparatus (Fig. 17,. +hen a larvae moved from the artifiecial



to DC
supply

‘ smoked
drum
_ ) marker
coil spring
cage e
burrow + | Jrswitch

FIG, 18, APPARATUS TO MZASURE LARVAL ACTIVITY.



burrow intc che cige, ils mass caused the switeh te be closed and the
marker to pe uel'lecied, The warker was wpplied Lo @ smoked drum
revolving once every 43 h und the appratus was placed in a room with
a 12 h darks 12 h light oycie, with a duy temperature of 4% and

dropping ab night to 16°¢,

A larvy in 6Ch instar was placed in the cage during daylight, aud
alloweu t¢ move Inbto the burrcw. Food, in the form of dises of fresh
cabbags leaf, was placed in the cage and held fash by means of adhegive
tape; this was found to be necessary as larvae were able to draw loose
foud into the burrow and produce a false result of vhe time that would
be spent on the surface, In other cases, no food was placed in the
cages, The larvae were allowed to remain in the appuraius for two

nights, ani tne resulis are expressed as the mean per night,

8.3, Results
< nges

rhototactic responses of j, ipgilon and A, gegetum larvwee alt an
illuminance of 713,5 1x are shown graphically in Figs. 19 and 20, It
c¢an be seen that in both species the larvas have a positive pholtotaxis
in the first two instars, and that during the 3rd instar the taxis is
raversed to become negative., In 4, ipsilop the switch occurs between
the firsgt and second day during the 3rd instar and in §J, segetun
between fthe fourth and® fifth day; also in the 3rd iastar, at a tompe
erature of 24°C, The fact thai the change in reaction occurs in the
middle of an instar and not at the moult, as uight be expected, is one
of inberest. Another feature of the results is the drop in RI on the
iast duy of each instar, This can be explained by the reduction in

activity of tie larvae as they prepare for the moult into the next
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instar, The roason for tne change in phototaxis of 4, ipgilop from
negative to positive on the second day in the S5th insgtar and on the
first and second days in the €th instar is not known, [arvae of these
ages were re-tested, and the net rsaction was always found to be
positive., In interpreting the phototactic responses in Figs. 19 amd
20, it can be said that the line representing zero RI is the soil
surface, and that a positive response indicates that most of the larvae
are above the soil surface ami a negative response shows that most are

pelow the soil surface during daylight,.

QObgervations in the field have substantiated the results that were
obtained in the laboratory. The results of these observations are

shown in Table VII,

The larvae of both species are on or above the soil surface during
the day when in lst and 2und instar, and during the 3rd iastar taois
positive reaction was greatly reduced. When the larvae are in 4th,
5th and Gth instars, they are mostly in the soil during daylight hours.
From the laboratory and field experiments, A, ipsilon larvae could be
sxpected to be on the surface of the soil during daylight for about
saven days after hatching from eggs during summer (main rainy season)
in Rhodesia., In the case of 4, segotum larvae, these may De expscted
to be found on the surface for about 12 days after hatching during the

gamne gseason.

Comparison of the RIs of the two species from the fisld and lab-
oratory experiments are shoun in Table VIII, As the field results
are on a per instar basis, the per day laboratory results have been

conver®#d to means for each instar to allow a comparison to be made.



[

TABLE VII.

TOTAL NUMBER OF LARVAE FOUND ABQVE AND BELOW THE

SOIL SURFACE IN THE FIELD AND Tdx PHOTOTACTIC REAGTION INDEX (RI) LURING DAYLIGHT.

fibove soil surface | Below soil surface RI
Ingbar - . | .
Adodpailon | Aesegatin | Acdpsiln | Aesegotus | A dpsilon | Aesesotus
1l 951 834 30 16 + 23,86 + 26,24
4 562 495 10 1 + 96,50 + 95,65
3 141 167 15 154 + 1,81 + 4,06
4 20 & 60 €8 - 50.00 - 94429
§ 1 i 22 24 - 91,30 - 32,00
. 0 0 17 14 «100 400 =100 00




TABLE VIII. COMPARISON OF THi LARVAL PHOTOTACTIC REACTION

INDICES (RIs) OF FIELD AND LABORATCRY EXPLRIMENTS.

Instar . — .

Field RI | lab, R Field RI  lab, RI
1 + 96,24 + 30.00 + 93,88 + 23,33
2 + 95,65 | + 25,50 | 4 96,50  + 28,66
3 + 4.056 |+ 4,00 + 1,81 + 1.33
4 - 94.29 - 46,42 = 50.00 - 32,00
5 - 92,00 - 59,86 | « 91,30 - 16,50
6 | =100.00 - 55,27 | =100.00 - 35,33

g



In each case, oXxcept in the &rd instar, the RIs of the field
results are higher than the laboratory results. The reason for this
is thought to bs due to the lower illumination used in the laboratory
experiments than that encountered in ths field, resulting &n a stronger

field response,

SafaZa . Foodlog Sohavigur

{a) _General Obgervations

Soon after hatching from eggs and until they reach the 3rd
instar, the larvae have a positive phototaxis and it was shown
that they were found on or avove the soil surface during daylight
(section 6,3.1.)s The young larvae were observed feeding on
tender foliage, particularly prostrate foliage, during the day.
Young larvas were never seen feeding on parts of a plant higher
than 200 mm from the soil surfacey when they hatched from the
few eggs deposited on parts of a plant nigher than this level,
they moved to the lower parts befare fseding. They feed on
aither surface of a leaf, consuming the mesophyll and leaving the
further epidermis intact, Their feeding, therefors, produced an
appearance of 'windows' that were etched into the leai surface.
Wwhen veins were encountered by the larvae, thsse were not eaten
so that a skeletonised appearance was also ppoduced (Plate 7).
idost plants encountered in the field were eaten with the exception
of tobacco seedlings that had been harusneds ihe reasens for
this are dealt with in section 8.3.,2. (b). In this case it was
found that larvae, after hatching, very soon died ami fecding
marks were never observed, It woulu appear therefore that an
infestation of cutworms is not able to sstablish itself on

tobacco, but wmust rely on other plants growing nearby for food,



PLATEZ 7, £B4uING BY PHOTOPOSITIVE AGROTIS LARVAE

ON YOUNG MAIzZ LIAF,



With the change in phototaxis, there is also a change in
feeding behaviour, The larvae in 4th instar onwards shun light
during the day an: are found in concealsed situations, usually
below the soil surface, but whsn overcast conditions occur they
may be found feeding under prostrate foliage. 1In this latter
case all the tissues of the leaf are satem, resulting in s holed
or ragged-odge leaf, as opposad to the skeletonised appesarance
produced oy the youngsr larvae, The more typical feeding of
older larvae is the eutting of stems of seedlings at or near
ground level (Plate 8), and it has been obssrved that tne felled
aerhal parts may be pulled into the soil where they are consumed,.
It hag also been observed that the prop roots of maize may be
eaten and the base of the stalk may be bored; the larvae may be
found in the cavity so formed during the day (Plate 9), The
nmore developed larvae, having larger mandibles, are able to eat
fairly woody material. It has also oeen found that the larger
larvae are able to overcome the sticky trichomal secretions of

tobacco lesuves, and are able to feed on these,

(b) Feeding Behaviour of ¥irat Instar Iarvag op lobaggo

the survival of larvae on tobacco lsaves (Kutsaga El)
treated in four ways are shown in Table IX, Binomial confidence
limits at the 95 per cent level have been computed using the

n-a - . - -
X = p' and ootaining the values for &%, ¥ and B

S E)

formula

from tables given by 3urstein (1971), When nc overlap cf these
limits results between treatments, the latter cin be 3aiu to be

significantly different, that is, if two or mocre treatments have
been design=zted with diffsrent letters they are significantly

different,.



PLATE 8,  STEM-CUTTING BY PHOTON&ZGATIVE LGAQULS LaRVAR,

5.



PLATE 9. CAVITY IN MaIdm ST:M CAUSSD 3Y HGROTIP LARVAE,



TABLE IX. SURVIVAL OF FIRST INSTAR LARVAE ON VIRGINIA
TUBACGO (KUTSAGA K1) LBAVES,

Per cent survival with leaf treatment
Species Day

Fresh  Rubbeq  Refrigerated . 4.4
and rubbed

Aaipgilop 1 40.4 85,4 71.7 94 .4
(35-45) (60-70) (67-76) (90-08)

A B B D

2 0.3 2.1 5547 93,9
(0=2) (1-4) (51-61) (89-94)
A A c D
3 040 0.4 30.0 93,3
(0=) {0=2) (26-35) (89-38)

A A _ B D

n 20 @ 240 300 180
| (70=80) (95=102) (86=06) (92-101)
A B B B
2 14,2 82,7 28,9 96,7
(9=20) (78-87) (24-35) (92-101)

A c B D

3 1.7 71.3 12,2 95,0
(0=5) (67-76) (8=17) (90=99)

A ¢ B D

2 120 500 180 180

== 4 L.,

(Numbers in parenthases are the 95 per cent confidence limits)



From Table IX it is seen that significant differences in the
survival of A, jpsilaon could be demonstraied after two days, and
the same was eviuent for As sggetym. There were no significant
differences in the survival rats of 4, jpsilon larvae o fresh and
rubbed louves, but there were significantly different survival
rates betwean thase two treatments and the rubved and refrigerated
lesaves and the washed leaves., £Hach loaf treatment was signific-

antly different {rom each of the other in the case of A, gaegetusm.

In Table X the survival of 1st instar larvae of A, sggetun
and A Jjpgilon on fresh leaf dises of Lhe ithree types of tobacco

are given,

No significant differences in the survival of lst instar
larvae were found on the three lypes of tobacco, with the exception
of A, _gegetum on the third day when survival on the Turkish was
significantly different from the other two types. The possible
reason for the lack of significance in this experiment is the
small numbers of larvae used; with larger numbers of larvas, it
is felt that differences would be obtained, It appears that there
is better survival on the Turkish tobacco than on the Virginian
and burley tobaccos, and from the previous experiment, that there
i1s significantly higher survival on the washed Virginian leaves

tnan on the other treatments,

begpite the apyarent adverse affects of the irichome secretions,
a few larvae were able to survive for three or four days without
feeding, As mentioned in section €.3.2. (&), Fiedler (1936)

found that the egg sac proviied the first food source of the newly



TABLE X. SURVIVAL GF FIRST INSTAR LARVAE OF SGROTLS SEGAIUM
AND A, IPSIION ON THREE TYPES OF TORBACGO.

T
Per cent survival with tobacco variety

Buarley (21) Virginia (K El) | Turkish (Samson) L

Specles ‘Day |-

A ipsilap 1 S 72 80
(38«73) (54=87) (62-03)
A A A
2 32 40 60
(17-51) (24-59) (42+76)
A A A
S 8 16 20
(1=23) (5-33) (8-37)
A A A
4 0 12 20
(0-11) (3-28) (8=37)
A A A
5 0 8 20
(0-11) {1-23) (8=37)
A A A
n 258 b 25
Aasogetup 1 85 95 100
(65-97) (76~104) (82=107)
A A A
2 55 70 100
(35-74) (49-86) (82~107)
4 A A
3 35 £5 100
(17=56) (35-74) (82-107)
A A B
: 4 25 80 60
(17-56) (30=70) (38-79)
A A A
5 10 25 0
(2=29) (11.48) (0=14)
j A A | A
n 20 20 20

{Numbers in parehtheses are 95 per cent confldence 1imlts)



hatched larvae, The initial meal may allow a small nuaber to

survive for three or four days,

The survival of J, gegetum larvae that were ofered dry maize
stalks, moistened dry maize stalks and bean diet (control) are shown

in Fig,. 21.

It is seen that 4th instar larvae are not able to survive for
aore than 10 Jdays when the only food source is dry maize stalks,
whether moistened or dry. These results are in agreement with those
obtained by &ack (1918), However, the 6th instar larvae were able to
pupate, and the level of survival was much the same as larvae in the
control treatment, It would seem that once the larvae have reached
the final instar, they are able to witlstand adverse conditions but
the resulting pupae are smaller than those resulting {rom larvae bhaving
a fresh food supply. The mean mass of pupae produced from larvae
having dry maize stalks and moistsned dry mnaize stalks was 0,229 ¢
2 0,0118 g and 0,236 g + 0.0126 g raospectively, while the mean mass of
those produced from larvae given boan diet was 0,304 g + 0.0075 g,
Wwhen these meuns wers subjected to a student's "t" test, it was found
that the mean mass of pupae rasulting from larvae fed dry maise stalks
and moistened dry malze shalks were not gignificantly different
(P >0.5), while the latter two were sigmhficantly different from the

papae resulting from larvae fed on bean diet (P<0.01),

From this it seems that unless larvae are in the final iastar,
they are unable to survive on crop deoris, anu so must be surviving

on fresh food to be able to attack newly-emerged crop plants, 4An
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observed example of weed growth in an apgricultural land at Gwebi Agric-
ultural College showed that this provided a food source, ani allowed
larvae to survive and attack newly-smerged malze plants, There were
patches in a land which did not uilow a fine tilth to be obtained, and
also allowed weed growth to continue. fhe wseds were not greatly
affected by disc-harrowing (due to the poor penetration of the harrow
in thess patches) and were able to continue growth. With the emergence
of the maize ssedlings, it was found that there was a marked reduction
in plant stand on the weedy patches, Around the wilting seedlings were
found up to three larvae in 4th and 5th instar per plant. ‘The
deoilitating effects of larval feeding necessitated re-planting maize

in thase weedy putches. OCounts of number of larvae per length of row
showed that in the weedy patches there was a mean of 4.2 larvae per
metre of row, while in the noneweedy patches there were praectically no

larvae present.

8aSef. _Dopth of Pupaticn

The two different types of soils (sand and loam) were found to
have the following water-retention properties; the red-loam soll was
saturated at a molsture of 39.5 per cent, while the sand was saturated
at 19.8 per cent moisture, It was found that when a soil was salurated,
larvae in their later instars were unable tc burrow intc the soil and
none of 20 larvae under observation were able to pupate and succumbed,
From thig it would seem that the moisture content of the soil may
influence the depth at which full-grown larvae are able to pupate,
The results of the dJspth of plpation in soils of varying moisture

contents are shown in Figs. 22 and 23,

It is seen fram Figs. 22 and 23 that there is a tremd of increasing
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larvae were placed in pots containing moist soil and bean seedlings.
Once ourrows had Deen formed in the moist socil, a solution of warm
gelatin was poured into euach burrow mouth and allowed to zel by placing
the pots in a refrigerator, 1In this way a caste of the burrow was

Q Dtaiﬂed °

Ihe stud¥ posed problems in recording when later-instar larvae
in the field came to the soil suriace and retreated into the soil,
since the phototactic responses are negative at this stage of growth
(ses section 8,3.1,) and this activity is, thorsfore, likely to take
place at night, Apparatus was ueveloped to record tnesge activity

patterns in the iaboratory,

The apparatus consisted of an artificial burrow with a spring
loaded cage above, A tube, 0 mm long and 19 mm in diameter, was
filled with Plaster-of-paris, and then a hole 10 mm in diamster and
55 mm deep was bored to produce an artificial burrow, A clear plastic
pill box, 50 am in diameter and 22 mm high, with a fine-amcshed gauze
1id and an 18 mm hole bored through the floor, constituted the cage.
Around the bored nole in the floor of the cage a rigid plastic collar,
20 mm in diameter, wes avtuched to the ventral surface and a leugth of
coil-sprung curbein wivre was screwed into a hole in the side of the
cage., the csye was suspended by mesns of the coil spring, sc bhat
the rigid plastic coliar {itted over the tube of the artificial
burrow (Fige 18). ihe apparatus was electricaliy wired so that the
cage and the burrow acted as a switeh, and then connected tc ar electro=-
nagnetic marker, Ihe mains power source was stabilised and rectified
by means of the siectronic cirocuit used in the light-dark cuoice

chamber apparatus (Fige. 17)., when a larva moved from the artificial



depth of pupation with decreasing meoisture content of the soil,

8a8a5,  Pattorns of Imerzence from apd sptry iato Soil

It was establised from casting larval burrows that no extensive
tunnelling through the soil took place. The burrow (Fig. 24) seems
to be a site of refuge, and larvae must come to the soil surface in
search of food unless the burrow is positioned in a food source (such

as in a potato tuber or large stem of a plant),

4 e
e



FIG. 24, TYPICAL BURROWS OF AGRQTIS LARVAR
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Be4e VUiscussion

The succession of experiments described in tais section have
helped to clarify much that was either not unierstood, or at lsast only
vaguely realised, sbout the behaviour of cutworms in Rhodesia,.
Important points that seem to have esmerged are that in the absence of
growing vegetation only full-grown larvae ars likely to survive and
pupats, and young larvas certainly cananot develop on debris in the
soil. The presence of ilarvae in a field befare a crop is planted,
therefore, is clearly associated with weed growth as was confirmed by
the field records, Furtbhermore, young larvae developing on weeds or
on young plants are confined to growing vegetation above ground before
their behaviour changes at the 3rd instar, and they then 1live in
barrows in the ground during the day. It is alsc evident that they
usually only sheltar in the burrows, so they are not socil insects in
the sense Lhat most of their active 1ife is above ground level.
Experiments to try to find conditions governing time spent by Lhe jarvae
out of the burrows showed that more larvas come to the goil surface
when thers is no food present than when food is present. The
implications of these findings on devising suitable management
programmes is deferred for consideration later, with data from other

sections,

The larval pholtotactic reactions of A, gegetum and A, ipgilen in
the laborabary show differences when compared with results obtained by
HMadge (1964) for Iryphaens proguba, and oy Olson and iings (1969) for
Apatheg c-picrgp. In I. propubg lst inspar larvae were photopositive,
2nd instar were inbermediste and 3rd to 7th insiars were photonsgaiive,
First to 3rd instars of Augihgs c-nigrum were photopositive, 4tn instar

was intormediate and 5th to 7th instars were photonegative, The

A7,



photic reactions of I, propyba and 4, g—gigrym were only tested on an
instar basis and nob on each day of the larval pericd, so that the

point of changs in reaction of these species cannot &3 compared with

tho results obtained for 4, gegetum and A, ivpsilon. The fact that

As gegebug and f. lpgllaon are photopositive for the first two and a

half instars, bbth in the field and in the laboratory, reprosents a4 weak
link in the 1life cycle from the viewpoint of control and will e

discusged at a laber stage.

Since larvae are unadble to survive for any appreciable time on
crop debris but were able to survive on growing weeds, the latter will
allow the ocarry-over of larvae during the hot season. The presence
of crop dsbris will act as a mulch, thereby conserving soil moisture
resulting from light showers during the hot season, and provide suitable
conditions for the germination of weed seeds that may be present, The
gerninating weeds will thus provide a food source for young larvae that
may hatch from eggs laid by females during the hot season, The
introduction of a bare fallow, with weeds being strictly controlled,
for a period of say a month before a crop is due to be sown will
ensure that there is no resident population of larvae presant,

Should €th instar larvae be present prior to the introduction of the
bare fallow, they would probably pupate. Since the pupal period
varies from 14 to 19 days at the daily aean temperature prevailing
during the hot season, the resulting moths will have emerged before

the following crop is sown,.

Work in Egypt on As ipsilon by Willcocks and 3dahgat (1937)
indicates that full-grown larvae seek higher ground to pupate, and

that many larvae pupated in ridges dividing fieluds into hods, lNasr



and Haguib (1963 a) showed that 42 per cent of A. jpsilon larvae
selected & soil with a moisture content of 10 per cent as a pupatian
site, However, this figure of 10 per cent is of no value unless the
soil lLype is khown, since the different soll types have uifisrent

water retention properties. Cook (192€) found that soll moisture was
a factor of grest iumportance in the acology of the pule wesitern aube
woln, LORQESErelis orthiosouia Morr. (now Agrolds gribogonlsj. The
rate of incrcase or decroase of populations was found to be roughly
proportional to the excess or deficiency of rainfall, and the relatiom
was explained in three wayss too much moisture directly affecting the
ingect; moisture exposing the insect to attack by parasites; aor
moisture favoured the dewelopment of fungal and bacterial diseases,

It was observed that larvae were unable to burrow into saturated solls
(section 8.3.5,) and usually succumbed. Saturated soils would cause
nhotonegative larvas to remain on the soil surface where they would be
nore susceptible to parasitism and predation, Ullyett (1945), working
in Sohth Africa, has shown that cutworms in soils with a high moisture
content were mcre susceptible to s bacterial disease known as sirepto=

coccal septiceemia,

Thurston, Smith and Cooper (196€) found that the major constite
uvent of the trichome secretiocn in seven Nbeotisng spp. was the alkaloid
nicotine, with nornicotine and anabasine also being found in two of
the speciss tested., The concentration of nicotine, or perhaps the
physigal and chesnical condition of the nicotine, is postulated by
the authors to be the sanss of rssistance or susceptibility in tobacceo
varieties to aphids. [Ihe same postulate could well be applied to lst
instar larvae of 4, gezgbum and A, dpsilop, which were affected by the

trichomc secration of the Lobacco varisties tested. The alkaloid



Secretion uecome obvious once bthe tobacco sesedlings are 'hardened'y, so
that {rom this stuge of plant growitn onwsrds it seems that lst instar
larvee are unable bo establish on tobacco, and amust rely on other plants
(probably weeds) to undergo the first part of larval development,

Once the larvas are in the 3rd or 4th instar, they ara able to overcome
the stickiness of the tobacco and feed without being trapped. This
would indicate that it is the physical property that is causing

mortality of the young larvae.

The fact that larvae do not tunnel sxtensively through the soil is
understandable, since there is little morpholiogical adaptation in
Agrotig larvae for such activity. The only apparent adaptation to
tunnelling or burrouing is a somewhat flattened frontal area of the
head capsule; this part of the head has been observed in use as a

shovel when # larva burrows into the soil,



9. ASPEGTS OF 3ZHAVIOUR AFF:CTING ADULT BIOLOGY
OF AGROLLS SSGATIY AV Ae LPSILOI.

9ele Introductian

Three aspects of adult behavbour have been investigaied, The
Tirst of thesge was Lhe sites of oviposition, as eggs nad uol persoaally
been observed in Lhe {ield, Jack (1918) found that eggs ware laid
on the slems of plants, astomes, clods of earth, sticks, tree trunks,
or to any other stable object. The rvason for investigating ovipodit-
ion was to find the preferred site(s), so that an agg scouting Lache
nique could be developed, which eould provide a warning system of
imninent oubbreaks. This technigus has baen used very successfully
in Siming insecticide applications for the control of cotton pssts in

Rhodesia (Tunsball, idatthews and Rhodes, 1962).

Secaudly, an attempt was wade to compare the relative activilies
of Aeipgilon and A, gogetum moths, The study has su far shown that
thers are differences oetween the vwo species. These differences ars
seen in the development periods (shorter in . ibsilon), the nuumber of
lerval instars (variavle in 4, jbsilon), and the phototactic reactions
of the larvas (variable in 4, jpsidon). This would indicate Lhat
As_ipsilep is more variable than f, gegetum. Wellington (1957, 1964)
states jotgr ulla that, "populations are composed of individuals and
individuals differ, Differences in activity and beshaviour affect
rates of development and survival after eclosion. They persist in
modified form into the acult stage, when tusy appear as diffserences in
responsiveness end in flight eapacity., The level of adult activity in
turn provides a clsar indication of the kinG of progeny a female may

produce:  inactive moths will give rise to predominantly inactive



larvaqhind active moths will give rise to predominantly active larvae,.
Inactive moths oviposit near their birthplace, while active moths will

usually travel farther before they oviposit."

Thirdly, some preliminary work was carried out on the presence of
a sex pheramone in virgin females of 4, segetum, as this aspect could

also provide a tool for the management of populations,

9.2. Methods

Qakala Ovipesilicn Slieg

Sites of oviposition were determined by placing asbestos cylinders,
measuring 0.6 m in diameter and 0.45 m high, over young maize plants
growing in an agricultural land and over tobacco seedlings growing in
a seedbed, The tops of the cylinders were covered with mosguito net-
ting and vials containing a 20 per cent solution of glucose, for the
nourishment of the moths, we®e placed within the cylinders, A male
and female moth of one species, that is, either A, lpgilop or A. gegetug,
were introduced into each caged area through an opening in the netting,
The number of eggs laid on the various substrates that were available
to the moths wers recorded, though eggs deposited on the walls of the
eylinders and the netiing were ignored (amounted to 2.4 per cent of
the total eggs deposited) as these substrates were considered to be

unnatural,

An analysis of variance was carried out on the dats, which were

transformed to obtain homogeneity,

When moth numbers in the light-—trap at Salisbury were al a reason-

ably high level, the area under crops in the vicinity of the trap was



scouted for eggs tu obtain data on oviposiition sites in the field,
Once eggs wers located on any substrute, an area of 2 m< around the

ovipogition site was carefully scouted for Surther eggs.

a2ale. Gapacity for Activity

An attempt was made to compare the rslative activities of 4, gegetum
and A, ipsilop moths, Moths emerging from laboratory cultures reared
at 24°C were placed in cages meaguring 100 x 80 x 100 man and coasisting
of a pith framework with mosgquito netting sides., The cages were
suspendad on a length of wire 1 mm in diemeter, and in the wanner shouwn
in Fig. 25, As a moth moved in the cage, s0 the balance of the system
was upset and the pointer attached to the length of wire was deflected,
The pointer was gently applied to a smoked drum revolving once every
24 h or once svery 48 h, This method of measuring activity has advan-
tages over {light mills since the moths are not handled, ensuring that
no injury can eccur and that activity is purely voluntary, The
activity recorders were placed in a room having a constant tempsrature
of 24% and a dayshight cycles of 12/12 h, Only one sex was used
during a recording period so that no possible influence of the female
sex pheromone (see section 9.3.2.) on activity of the males would

result.

Moth activity was measured on the basig of periods of %0 min and
5 min continuous duration, the former providing a measure of sustained
activity and the latter of discontinuous activity (Dingle, 19€8),
Bach moth was confined in the activity recorder for a period of two
nights, and the age of the mobths under test varied fram O to 2 uays at

the onset of the recording.
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The mean number of 30 min and § min activity periods recaorded for
sach species and sex was partitioned imbo groupss the e group
containing those individuals with a mean of 0.5 to 9 periods of 30 min
activity or 0.5 to 54 pericds of § win activity psr night, and the
obher group containing individudls with a mean of over 9 periods of
30 min activity or over 54 periods of 5 min activity per night. The
former group may be termed the inactive individuals and the latter the
active moths, The individuals which showed no pericis of activity

were recarded separately.

Histograms of the frequency of activity periods wers consiructed
and an attempt made to distinguish possible bimodal distrimtions,
The zraphical method of analysis by Harding (1949) for polymodal
frequency distributions was attempted, but was found to be very sube

jective and was therefore not used,

In arder to determine whether differences in adult activity were
inherited by moths of the filial (Fl) generation, as inferred by
Wellington (19€4) and shown in Qneopelius by Dingle (1968), those
mothg of both sexes and speeies which recorded a mean of 3,5 ar more
periods of 30 uin continuous activity per night (active forms) were
confined together for the purpose of mating. The same procedure was
carried out for the inmactive moths, that is, those which recorded nine
or less 30 min periods per night, The Fl adults were then introduced
into the activity recorders, under the same conditions used for
recording the activity of the parental (Pl) moths, Due to the
difficulties in obtaining sufficient active and inactive moths of both

sexes at the same time for mating purposes, relatively few individuals

were tested, Results werse pooled, that is, males and females of each



specles, and then partitioned into an active amd inactive group as was
done for the Pl aoths. The significance of the differences between

the proportions of active and ipactive moths in the P, and Fl populate

1
ions was tested by a method approximating to a ™" test, given by

Chambers (1964, pp. 46 and 47),

Da2e3.  Sex Pharomone
Once the pheromone gland in the bterminal abdominal segrents of the

virgin female moth of A, gepetym was located, it was vivisectioned into
the solvent dichloromethane, macerated by means of a glass rod and pure
sea=cand, and then filtered, The filtrate was made up to volume, so
that the extract contained a pleramone concentration equivalent to

four females per ml (4 FME/nl) und kept at 5% over sodium sulphhte,

The laboratory test method for pheromnone achivity was adapted from
a method described by Shorey, Gaston and Fukuto (19€64). The apparatus
consisted of a Bchner funnel through which clean air was passed, at a
flow rate of about € litre/min, over impregnated filter paper., A glass
cylinder, closed at both ends with nylon gauze and containing male moths,
rosted in the funnel over the impregnated filter paper, The apparatus
was placed in front of a fume cupboard and a photographic safelight
was used for observation during the éests, A control test with solvent
only was carried out before each pheromone test., The tests were

carried out between 230 h and 0100 h,

Two virgin female moths of 4, gegetum, Lhrese days old, were kept
at 5% overnight and their pheromone glands vivBectioned into 10 ul of
dichloromethane, The glands were ground with sodium sulphate using a

glass rod, and the solution was allowed bo setile bafore being injected



into a gas~liquid chromatograph by Dr J.S. Read, The column of the
chromatograph was packed with a l:1 mixture of 10 per cent JF-l and
10 per cent X 200 on Gas Chrom 3 (100/120 mesh), A flame iocnisation
detector was used with argon at €0 ml/min as the carrier gas, The

oven temperature was IBOOG, and the detector temperature was 240°.

9.3, Rasults

Sadade  Quipesition Sites
The total number of eggs laid by female moths on ths various

substrates available to them within caged areas are shoun in Table XI,

An analysis of variance was carried out on the data, ut it was
found that there was greal heterogeneity of variance, Applieation of
transfarmations of the data still indicated heterogeneity. However,
it is interesting to note that a high percentage of eggs was deposited
on debris, varying from 50 to 71 per cent, and it wae found that ovipos~
ition on this substrate occurred in 80 per cent of the trials, Andrev=
artha (1961) quotes an experiment where oviposition by Pleris rapag was
determined in a randamised Wlock design, and which also showed great
heterogeneity in the variances, lie usas able to show, however, that
differences in the mean numbers of eggs laid on plants in the family
Brassicae and an all other sorts of plants tested were so consistent
that they were taken as being highly significant without calculating
precise probabllities, From this it would seem that the high percent-
age of eggs laid on debris by A. lpgilem and A, gegetum, whether
confined over maize plaats or tobacco, may be taken as baing real

despite variance hsterogeneity.,



TABLE XI. OVIPOSITION SITES OF As SHGEIUM AND Ae IPSILON IN CAGED AREAS.

™

Total eggs luid $ laid per substrate

Assegotul | Aebpailon | Aecogetud | Jedpallon |

Substrate =

Malze Funnal 0 a7 000 5.11
Jower leaves 190 149 15,64 £,76
Weeds 155 ! 300 12,76 17.64
Debris B66 1 148 T1eRE €7 .49
%
i i =
Tobzeco  Lower leaves 202 149 25,36 17,74
and stems
deeds 1656 135 20673 16,07
Dabris 403 546 50465 65,00
Soil 28 1¢ 3475 1.12
A Tot&ls 7% 840 | 100 .00 100 000




The few oviposition sites that were found in the field confirmed
the results obtained under caged areas, Of four batches of eggs found
in the field, all were on dry plant debris lylng on the soll surface.
A total of 5€ eggs were found in the four batches, and no eggs were
found on any other substrate within the surrounding 2 m‘e of each site.
These oviposition sites were located in plots with young maize and

groundnut plants,

2 GCa i £

Results of recording the activity of P, moths based on the arbitary

1
division of active amd inactive forms are shown in Table XII, The
histograms of the fraquency of activity periods are shown in Figs. 26

and 27,

It is seen that A, ipsilop has a higher perceatage of active moths
than does A. segetum, and if the 30 min periods are taken as a measure

of sustained activity, then it is seen that A, ipsllom is relatively

more active than j, gegetum.

The heritability of activity characteristies, bassed on the arbitary
division of active and inactive forms and on the mean number of 30 min
continuous activity periods, are shown in Table XIII, Histograms of
the frequency of activity periocds of the F. moths from either active

L
or inactive parents (Pl) are shown in Figs, 28 and 29,

The changes in the percentage of active and inactive moths in the
F, populations {rou the mean percentages (nale and Female) of active
and inactive moths in the Py populations are shown in Table XIV, The
differances betwoen the proportions of moths that were classified as

active and inactive in the Fl and Py populations are significant faor



TABLE XII .

PERCENTAGE OF ACTIVE AND INACTIVE MOTHS

Per cent of poulation active or inactive

Spoecies amd ssex

30 min pericds ' 5 min peridds B

Active | Inactive n | Active r Inactive 3 » 2

As sopetum male 38,79 61.21 116 60.61 39.359 99__
Ae sepatyn fommle 42,86 57.14 126 | 63,30 36,70 109
Ae_iasilom male 57,14 42,86 42 | 70.27 29,72 43
Asipsilaon female | 60,00 40.00 68 | 68,33 31.67 60

3R 8)
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TABLE XIIX., ©PERCENTAGE Of ACTIVE AND INAUTIVE FiILIAL MOTHS
RESULITING FROM ACTIVE ANU INACTIVm PARENTS,

% Fé population active or inactive

Svecies Parent type

Active Inactive n

Aesgalun active 54,44 45,45 55
inactive 18,87 8l.13 53
Asdpgila achive 60,00 40.00 45

| inagiioms 40.00 60.00 40




FIG, z8.
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TABLE XIV, GOMPARISON OF THE MuiN PERCSNTAGES (MAL® AND FuMALZ) OF ACTIVE AND INAGTIVE
PARENTS WITH THE PERCENTAGSS IN TiE FILIAL POPULATION.

- conBE — . -

1

( ' Mean % P,L moths % F, moths % change in

| Species o deben——  Parent type 7

| active Inactive Active Inactive F; from b,

| T o

Aecgergti| 40,82 59.12 active 54,55 45,45 13,75
inactive 18,87 8l,13 21 ,95%

| Ae. ipsilon 58,57 41,43 active 60,00 40,00 1.48
ingctive . 40,00 60,00 13,87%

| oA

% denotes that differsnces betwesn Fl and P, are significant



for the inactive moths of A, gegetum and A, ipsilap, and almost signif-
icant for the active moths of A..gggatum. The cepacity for activity
would thus appear to be a heritable trait,

The moths that did not recard any activity, as measured by periods
of 30 min and 5 min continuous activity, are shown in Table XV, In
all populations there is less than € per cent that did not show any

activity.

Dadada _Pox Phoranong

During exposure of the male moths to the pheronone sxtract of
‘As gegetum, three differcnt responses were noted whereas no response
was observed when only the solvent dichloromethane was tested, Ab
the beginning of an exposure, responding males would have alert anten-—
nae and vibrating wings, then they would take to active flight and
finally attempt to copulate with each other, It was found that male

moths would respond te 0,1 FME,

From these tests it was apparent that the virgin femals moths of
Aa sogetym possess one or more pheromones that serve to recruit a sexe
ual partner, and as a releasor of male copulatory behaviour (Shorey,
1973),

Graphic traces obtained on a gas-liquid chromatograph from pheromone
exbracts of two fa gegebum virgin female moths showed very small peaks.
Injection of standard compounds of different chiain lengths and funct-
ionalities, under the same conditions as the extracts, produced traces
for comparison with the phercuuvne extracts (Klun and Brindley, 1970)

and the retention times cobtained with a chart speed of 30,5 am per h weres



TABLE XV, radadlaGs OF MOTHS IN ALL POPULATIONS NOT

RECORDING ANY AUTIVITY.

% of population compistoly innctive

drecies Generation | 1

| 50 min perieds | § min pericds

> | —
Aa 502350 Py 3.94 0.48
Ae_ipsilen By 5,66 097
Ao_geogetyn Fl active 1.82 0.00
El inactive 5,66 0.00
de_ingidan .i?l active 2.22 0.0
| Fl_ifact'jﬂ | 0.00 | Ve




Hoth 1 3 2,76, 3,04, 4,93, 6,11 min

Moth 2 t 2.96, 3,94, 5.,22, €,70 min
Rat, cid = o 76 4,14, 1
3y a a 1 2 (614)’ 14&315) min
methyl ester
b, 3

3.15 .
(61,)* 4 43(015) nin

Tetradecanyl

, 3.94

)
)
gtandard g
| -

2.% s
(Cl4 methyl aster) ((‘14 acebate

acetate
from this preliminary work it appears that the pheromone(s)
molscule has a chain length of 14 to 15 carbon atoms, as the gas-liquid
chranavography indicates that either (i) 014 fatity acid meithyl osters
oc (ii) C,, fabiy acid methyl ester and C,, acebate, or (iii) Cqy and
c

fatby acid methyl esters and C 4 acotate are present in the gland

i5
extract of 4, segetug.

2

The pheronone gland was found to be situated in the inter-segmental
mambrane oetween abdamdpal segments VIII and IX of the female moth,
When the gland is extruded, it appears as a white ring with veantral

development.

Flaschantriger and Amin (1950) have demcnstrated that the female
moths of 4, lpgilon attract males of the same gpecied, The attractant
odour appears an hawr after eclosion and is restricted to the last
two ablominal segmenis., The pheromone can be extracied from the
abdoninal gegnents by ether, and the etheral extract shows the same
power of attraction as the living moths. The pheromone of A, ipsilon
does not appear tc have been charactergsed, so that no comparigong
with the preliminary analysis performed on that of A, gegetbum cén be

made



944 Discugsion

The biologieal significance of ovipositing on debris is not clear,
since 1t has beer showun (section 8,3.3,) that larvae are unable to
survive on this substrate for any appreciable time. Chapman (1969)
maintains that in the selection of an oviposition site by an insect,
two phases can be recognised, The initial selection is based on a
general reaction to the environunent followed by a final selection,
which depends on mors specific responses, The latter often includes
contact chemorecaptors on the antennae, tarsi, and ovipositor
(Dethier, 1947), It is felt that fertilised female moths must
initially be attracted to an area where [ood plants are growing in a
favourable condition for young larvae to develop, that is, plants in
the early stages of growth (section 7.35.2.), and then specifically
selact deposition sites. The final selection may well bs dependent
on chemorecentors as proposed by Dethier, but it is also thought that
thigmotaxis may play & role. The rcason for the latter is that the
proferred ovipositim substrate of debris, and the fairly high pro-
portion of eggs deposited on the 'unnatural! substrate of gauze (26

ner cent), are both irregularly shaped with recesses.

With the Pasults showing preferred oviposition sites to be on
debris, field observations of cutworm outbmeaks by Rose (1962) and
other entomologlsts in Rhodesia, can be explained, An accumulation
of recorda shows that outbreaks are more likely to occur where agrice
ultural lands have been treated with mamure or compost, or whero green
crops such ag dhal have been ploughed in and not completely buried,
The surface debris in these cases would provide sites for oviposition,
The adaptive sipgnificance of ovipestting on debris way be explained as

follows, The debris aets as a mulch and is able to retain soil



noigture, particularly from 1ight showers a! the beginning of the rainy
season, Weoad seeds bhat may be present in, or under, ihe muleh will
be able to germinate and provids new plant growth on which young larvae

can develop,

Wollingtan (1957) has svggested that the role of individual
differences in the population dynamics of animals has been relatively
neglected, The factors believed to regulate population requires
debailed observations of the jualities of different types of individe
uals, apart from extrinsic mortality factors, Wellington (1964) has
shown in Mglscosoma pluviale (iyar) that inactive moths oviposit near
their birthplace, and most of their offspring are also inactive, More
active moths can travel farther before they oviposit, and always have
a higher proportion of vigorovs individuals among their progeny. Such
polymorphiam allows the insect to cope with environmcntal diversity;
for example, inactive residents exploit favourable habitats and active
migrants colonise mare severe habitats, or replenish the vigour of
other populations, Bacause the most active moths uswally export the
most vigorous progeny, the population left behind hecumes less vigorous
during successive generations. This steadily decreasing vitality
eliminates looal populations that are not replenished by vigorous
immigrants, The ideas of Wellingbon would seem to be applicable to
As_sepotum and A, ipsilopn, since in both cases there is an overlapping
range of individusl diffserences in a population as opposed-to a
distinet bimodality.

Although numerous studies have suggested the importance of environ-
mental factars affecting flight in various species (Dingle, 19¢8;

Johnson, 1963), thare ic a paucity of infermation about behavicural



variation caused by genetic dillerences. So far amost evidence of
genetic variation for {light 028 veen asrived from the presence of
polymorphisms with reapect to morphometric characters, such as wing
length, Rose (1972) distinguished short and long fliers in pop-
ulations of lgasuliase spp. (Homoptera), and showed that dAiffsrznces
in £iight obehaviour weras inheritsd. The Cicacdulins populatians
could bo divided into these two fractions according to durations of
tethered flight of individuals., Clear bimodal activity curves were
not obtained for the Agrotis spp., =ad it scems more likely that
inhoritance of this trait is polygenic for 4, zegefum and A, ipsilon.
Caldwsll and Hegnann (1969) mainkain that fiight is & conbiauous
varizble, probably dependent on allelic differences at many locis
heritahility is a population-specific parameter degcribing the ratio
of the additive genetic variance to the toval wvariance for the trait,
With the curreni emphasis on the importan@e of behavioural diifferences
in migration (Kennedy, 1961), quantitative genetic analysis of such
differences muy be useful in discerning strategics of migration and

dispersioi,

As wentionsd in the introduction to this chapter, 4, ipailan
appealr's vo be more variable than A, gegafum, It was also suggested
in section €.4, that 4, lpgilopn was the more opportunist of the two

speciss. It is seen from Table XIII that the P, populations o

L
Aadpallan hove a kigher propoartion of active individuals than
As_gegetum, and that this trait is inherited in higher proportions.
Thns, from the hypothesis of vellington (1964) that active migrants
colonise more severe habitats, it would b2 expected that 4. dpsilag
could cope with a greater environmental diversity than could 4, sagatug.
This adds to the idea that A._ipsilon is the more orportunist of the

two speciss,



10. SHASONAL ASUNDANCE OF AGROTIS SuusTUM
AND As IRSIIQH .

10.1. Introduction

Insect control depends greatly on knowledge of the seasonal trends
in abundance of pests, and this is, therefore, an important aspect in
the understanding of the blology of A. sgretum and 4, ipsilon. Once
a knowledge of the seasonal trends in populations is availavle, and the
number of generations that each species is able to complete in a calen-
dar year is known, the factors causing fluctuations in aumbers can be
investigated, With this data, a beiter understanding of the factors
causing outbreaks of the pegts can be obtained, This could lead to

possible methods of forecasting such events.

10.1. Methads

The seasonal abumdance of adult A, ipgilen and 4, gegetym has been
determined by the use of Robinson light-traps (Robinson and Robinson,
1950) equipped with 125 W mercury-vapour lamps ami situated at Salisbury,
Chiredzi and Gatooma LResearch Stations, These three traps are sited
ad jacent to experimentai plots of annual crops, which are grown through-
out the year, DLuring the latter part of the study, the light-trap grid
in Rhodesia was enlargzed to form part of the Bouthern African Light-
Trap Grid (8lair, 1972 a) and data from Kariba, Mount Darwin, Victoria
Falls and Matopos was obtained. Hach calendar y»ar has been divided
into 52 weoeks befginning 1 - 7 Janmiary and ending 25 - 31 December, In
order that the weeks of any one year can be coupared with those of other
years, two adjustments are made. Week 2 (June/July) contains eight
days, that is, 1 and 2 July data are pooled; 1in a Leap year ihe data

of 29 February is pocled with that of 28 February. Sinee catches are

1
i



generally small during the cool season, and leap yesars only occur one
in every four, these adjustaents sneould not materially affect the data.
Lewis and Taylor (1967), in their standard calendar for the analysis of
annual records (such as light-trap catches), have dropped the dates of
29 February and 31 lUecember, The latter date is during the northern
winter when insect numbers are low and, therefors, not important in
recording abundance. However, 31 Yeceaber is during the southern
sumaer wien insect numbers are high; thus the date that is lost in

the southern winter is 1 July,

In attempting to explain peaks of moths from light-trapping
(section 10+3.1.), factars such as the influence of lunar phases on
flight activity, the immigration of moths on convergent wind streams,
and the successful breeding of the resident population in the latter
part of the previous year have been congsidered, The re;@ant lapar
phases, that have been thought by a number of authors to influencs
flight activity, were extracted from weteorological records for the
period embracing the first 10 weeks (1 January to 1l iarch) of each
trapping year (19€9 - 1973), This 10-week period was selscted as it
wag during this time that peak moth catches were recorded in certain
vears, The date of the height of each phase was uses as a pivot with

2+ three days on either side as the extent of sach phase,

Metoeorological reconds were consulted to ascertain the nuaber of
days that convergence lines, or areas, were present over Salisbury in
the months of January and Febrmary of sach year; these months were
selected as it is during this period that peak catches were recorded
in certain years, and to establish whether these peaks were dus to

immigration of moths,



With the difficulties involved in cbserving natural populations
of a soil-inhabiting insect such as cutworms, no field population este
Limates could be made, ilowavery, in an effort to obtain a comparative
indication of population levels prior to the moth peaks at the begin-
ning of certain years, the number of reparts received by the Plant
Protection Research Institute of larval danage by A, gogebum and
As ipsilopn were extracted for the months of Qctober, Hovember am

Lecember,

In an atteapt to ascertain whether the low numbers of moths
recorded during the eool seagon were due to the possible inhibiting
affects of low tempsrature on flight activity, or were a reflection of
the population level, the minimum temperatures recorded by the met-
eorological station adjacent to the light-trap at Salisbury were cone

sidered with moth catches during June and July (cool season).

By using the temperature-veleeity curves (logistic curves) that
were obtained f{rom laboratory studies (Figs. 8 to 13) and the moan
weekly temperatures at 3alisbury in 1969, the average per cent develop-
ment per day for each stage in the life cycle was determined. In
this way it was possible to calculate the duration of each successive
gencration through the year, There are, however, disadvantages in
using laboratory data for extrapalation to field conditions, as the
former are baged an constant temperatures and on & semi-synthetic
bean diet, Uespite the differences in meteorological secreen temp=
grature anu temperature of the insect, particularly in view of the
effects of insclation, many warkers have successfully used scresn
temperatures to predict events in field populations (for examplas,

Phelps and Surrows, 1969; Druzhelyubova and Makarova, 1963; Appls,



1952; Glen, 193i)s The year 19€9 was selected for the study since
there were discernible peaks of moths from light-trapping results
(section 10.3.1.), which could then be used for comparison with the
calculated number of generations possible per calendar year, The
starting point was taken as 1 January, with the deposition of eggs,
because the adult populations of both species were at a low level at

this time (Fig. 30).

The total rainfall recorded during the post-rainy season (March,
April, May and June) at Salisbury was plotted against the number of
mobths recorded in the light-trap, at the same site, during August or
Magust and September. Such data was taken for 10 separate years in
an effort to forecast the general trend of the local population during
this periad,

fecords of parasites and predators of A, sezetum and 4, ipsilog
were obtained from literature and from data filed by the Flant Protect-

ion fesearch Institute of the Rhodwsgian Ministry of Agriculture,

10.3. TFesults

AQa3ake  Anumal Population Cycle

The seasonal change in nunbers of 4, gegetum and 4, ipgilop moths
captured in the lightwtrap at Salisbury during 1969 to 1973 are shouwn
in Figs, 30 to 34, It can be geen that the numbers are at a low ebb
during the cool season, that is during the periocd from week 20 to week
30. With the increase in ambient temperatures from nid-fugust (hot
season) there is a corresponding increase in the moth populations,
reaching a peak at around week 35 and another at arcundl week 45, The

majob peak of the year is usually during the first 10 weeks. From the
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FIG. 32, WEEKLY CATCHES OF A, IZ3ILQN AND a, SSGEIUM MOTHS IN THE
SALISBURY LIGHT-TRAP IN 1971,
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records of the obher trapping sites in Lhodesia much the same picture

amerged, though mumbers of aoths varied from site to site.

Yrom tie lightetrapping it is seen that the 1ife cycle of A, segetum
and Aa_dpsilon continues throughout the year in Rhodesia, with seasanal
fluctuations, and that there uoes nou appear to be any time of the year
without mobhs, The exception to this is 4, ipsilop during the coul
season of 1973, when no moths were recorded for a period of 12 weeks;

a fairly severe drought was experisnced in this year and wmay be the
cause of the appareat disappearance of thls specles during the cool,
dry, season, Anobher point of interest is that in 1969 and 1972, high
numbers of both gpscies were recarded during the first 10 wseks and
that fairly distinct peaks were discernible for the remainder of the
year, The possible factors causing these peaks will be ds=alt with in
the Lfollowing seections.

20e3.2.  Influence of Lunar Phasea on Llght-Trap Catches

The mumber of wothg trapped at Salisbury in each lunar phase
during the first 10 weeks (1 January to 11 March) of each year are
shown in Table XVI,

It is seen,from the five-year means, that there is little diff-
eronce between the numbers of moths trapped at each lunar phase, From
this it would appear that the gross differences in moth numbers in the
first 10 weeks of 10¢9 and 1972 (Figs. 30 and 33), and the other three
years, would not appear to be due to any favourable lunar phase,
dowever, the influence of lunar phases on the nuabers of moths caught
in light=traps has been shown by a number of authors (4illiams, 193¢,

1937, and 1940; Williams and Singh, 1951; \illiams, Singh and El-Ziady,

)



TABLE XVI, MEAN NUMBER OF MOTHS TRAFPED PER NIGHT LDURING BACH LUNAR
PHASE IN THE FIRST T8N WEKKS OF BACH IZAR.

mean

First gquarter Fullemoon Last quarter New-moon
O e SREAMD | dni2Eiicn | AaAMMRINS | Ao A0EAlch | du NSNS | Ao iokiich | Ao ozl Ao Lasila
1069 3.9 7.9 546 748 6.2 7.9 5.8 10.0
1970 240 1.0 Isid 0.5 2,0 1.7 1.9 1.6
1971 | 1.8 1.5 2.1 049 2.9 1.1 1.5 1.5
1972 6.8 | 5.3 11.6 8.0 5.5 5.0 6.5 2.3
1975 1.6 2.9 1.9 1.2 3.0 5.5 2,0 2.5
S=FT | g2 3,7 4.1 2.9 5.9 34 3.5 35




1958; Nemee, 1971) to be reduced during periods of full-moon and be
increased during periods of new-moon (no moon). If onse takes the
views of thege authors that moonlight has an effect on nocturnal
insects and that lightetrap catches are reduced at full-moon, than
from Table XVII the following may be expected. In 1969 and 1871
there are more nights of full-moon than new-moon during the first 16
weeks, and so catches should be depressed, In 1970 and 1973, one
would expect the catches to be increased as there are more nights of
new-moon than of full-moon, whereas in 1972 no overall eff'sct would be
expected with an egual number of nights of new- and full-moon.
Despite the expechtations, it is seen from Table XVII that more moths

of both specles were trupped in 1969 and 1972 than in the other years,

3rown and Taylor (1971) found in Kenya that A, gegelum moths were
more abundant in light-traps (1l.52 m from the ground ~ a similar height
of the Rhodesian traps) during the first week after full-moon, The
numbar of nights of this lunar parameter within the period fram 1 Jan-
uary to 11 March of sach year, and the number of moths trapped, ars

sinown in Table XVIII,

From the five-ysar means of the moths trapped in the first week
after full-uoon and during the periods bebtween this lunar parameter,
it is seen that there is little difference between the two categoriss

for A, gegelius, and that slightly more 4. ipsilap were trapped during

periods cther than in the first week after full-moon,.

However, the results are in agreement with the views of Hanna and
Atries (1969) who suggest that moonlight has no effect on fiight

activity of As ipsilon, since in zgypt the largest catches are recorded



TABLE XVII. NUMBER OF NIGHTS OF NEW-MOON AND FULL-MOON

AND NUMBER OF MOTHS TRAPPED IN FIRST T&N WEsKS OF ZACH YiAR,

Number nights Number moths trapped
Pull-moon Kew-moon A, gogotus Ae dnsilen

1969 20 14 156 220
1970 14 21 56 40
1971 17 14 56 33
1972 14 14 250 134

1973 14 21 64 70




TABLE XVIII, NUMBER OF NIGHTS IN THE WhsK AFTuR FULL-MOON

WITHIN THE FIRST Tull WEEKS OF wACH YZAR, AND THE NUMBER OF MOTHS TRAPPED.

Bights in woek  Moan moths trappedin |Mean moths trapped in

a ;fafter full-noon  week after full-moon remaining period

Ae pogotun 'A. lpsilon Ao sogetun A. losilam
1969 21 3.6 4,2 5.1 7.8
1970 14 1.8 1.2 1.7 1.3
1971 14 3.4 049 1.7 1ed
1972 14 7.4 5.1 7.0 4.0
1973 14 2.7 2ul 1.9 2,6

S-year mb‘an 3.7 2.7 5.5 5.4




at new-moon in February, April and October, at first guarter in June
and ingust, at full-moon in May and September, and at last quarter in

Decenber, January, March, July and Yovember,

Thus, none of the theories pertaining to moth catches and lunar
phages appear %o hold with the data obtained in this study. As
suggested fram Table XVI, there appears to he little difference in the
number of moths trapped at each lunar nhase, and the large numbers
trapped in 1969 and 1972 appear to be a reflection of a real increase

in the population available for sampling,

20.3,3. _ Jumber of Moths in Rolation %o Convergence of Airstreans

The second factor that could account for the large number of moths
in the first 10 weeks of 1969 and 1972 is immigration, Before dealing
with the possibility of immigration, it was necessary to ascertain
whether the Lwo specles were known to be migrants, luch evicence has
been accumulated to show that 4, ipsilop is a migrant (Fletcher, 1925;
Williams, 19263 Willdéms, Cockbill, Gibbs and Downes, 1942; =Rivnay,
1964), while A, segedum is suspected as being a migrant (Williams gt al,
1942; Wiltshire, 1957), The two species are thus on record as being
nigwatory, or at least being suspected as such, -

(1?62 2 @

MM) and Rainey (1974) hav§ shoun that inbect ﬂtﬁ-.
d:jgge;;u; is greatly influenced by wind direction, the-fermer-being & el
the same general direetion as the-latter, drown, Betts and Rainey
(1969) have shown that moths are concentrated above a zone of ccnvergent
winds and are then Jeposited with rair., The number of days that con-
vergence of airstreams was recorded in Jamuary and February of each

year over Salisbury sre shown in Table XIX,.



TASLE XIX. NUMB&ER OF vAYS ON WHEMH CONVERGENCE OF AIRSTR&AMS

WAS RuCORDED OViR SALISBURY AND NUMBER OF MOTHS TRAPPED AT

SALISSURY DURING JANUARY AND FEBRUARY OF HACH YcAR.

Year iDays of vonvergence

lumber moths treapped

| Aesiogetun A._ddgllon
196¢ 5 333 451 |
1970 1 93 59
1971 4 1% 92
1972 6 481 276
1973 1 114 156

132



It is seen from Tavle XIX that most converggnee was rscoried at
Salisbury in 1999 and 1972, and that there is a corresponding trend in
the numbar of moths trapped, The correlation coefficient of the days
of coavergence and the number of L, gegetug trapped at Salisbury is
+0.88, and of 4, ipsilgg trapped it is +0.67. The degree ol &assoce
iation between these two variables is good for A, gegetum snd reason-

aoly good for Ao ipailen.

The mean number of moths trapped at Salisbury on days of converg-
ence and non-conver:ience over tne saane site during January and f'ebruary
of sach year are shown in Table XX, It is seen from the five-yecar
means that there are apprmimately five more moths trapped an converg-
ent days than on non-convergent days. lhe larger catches of moths in
1969 and 1972 could, therefore, be due to more extensive immigration of

moths into the sampling area in those years.

laB.4s  Sraeding Succesg of Regjident Populabions
i{he third factor that was proposed as causing increased moth
catches in 1969 and 1972 was the successful bPesding of the resident

population in the {ew months prior to the peak catches,

o field observations were carried cut on the natural populations
of A segetum and A, Jpsilon, due to tne difficulties involved in
ganpling the subterranean larval stages. The numoer of reports of
larval damage recorded by the Plant Protection fesearch Institute in
the last three nonths of each year may be taken ags an indication of
population levels prior to the moths emerging in January and February

of the following year. The number of reports are shown in Table XXI,



TABLE XX, MzAN MOTHS TRAPPED AT SALISBURY ON

CONVERGENT AND NON=CONVERGENT DAYS,

Mean moths trapped Mean moths trapped em!

|
Yoar on convergent days |

do_gozelun | Ae ipsilon e 2o6eiud | be lnsile

non=convergent days

1969 7.6 10,6 5.0 648
1970 2.0 2.0 1.6 1.1
1971 5.0 2.3 1.9 Ll
1972 2.2 8,5 6.7 4.2
1973 6.0 16,0 1.8 2.4
S=yT g2 7.9 3.4 3.1

mean |




TABLE XXI. NUM3HR OF REPORTS OF LARVAL DAMAGE BY A, SEGETUM
AND A, IPSILON IN OCTOBsR, NOVEMBER AND DECEMBER AND NUMBER
OF MOTHS TRAPFED IN JANUARY AND FuBRUARY OF THZ FOLLOWING YiAR.

Larval damage Moths trapped

Year RNumber reports Year | Number moths trapped

1968 10 1989 784
1969 5 1970 152
1970 4 1971 | 161
1971 5 1972 757
| 1972 73 1975 | 270

|
&




It is seen frou Table XXI that the number of reports were higher
at the end of 1968 and 1972 than in the other three years being cone
sidered. The relatively larger resident populations at the end of
1968 could, therefore, account for the larger catches of moths at the
beginning of 19¢9, However, the level of the resident populztions in
1971 would not appear to provide moths of the mumbers trapped in early
1972.

102842,  Number of Mothg jn Relation to Temperature

In ssction 10.3,1. it was seen that the lsvel of moths ceught in
the light-trap during the cool, dry, season was low, As the light-
trap catch is a function of both the activity of the moths and the
population availabls for sampling, the decrease in numbers during the

cool seagon could be attributable to a reduction of activity.

Using the method of Lewis and Taylor (1967) for deternining £light
threshnld temperatures, it was found that the geatter dingram resulting
fram plotting the moth catch against minimum temperaturs for each day
in June and July of 1969 to 1973 (cool season of each trapping year),
did not reveal any clear threshold (Figs. 35 and 36), The same pro-
cedure was carried out with temperatures recorded at 2000 h, and again
no cloar thresheold was apparent, It was, therefore, not possible %o
relate temperature with flight activity, However, it is interesting
to nohte that a total of 127 A, gegetum moths were trapped when the
minimum tenmperature was betwsen 1% arg 600, while 79 were trapped when
the temperature was between 7° and 1200, and that 39 4a jogilon moths
were trapped between 1° and 6% wnile 30 noths were trapped between 7
and 12%. The apparont inverse relation between number of nmoths and

frejuency of zero catch (Figs. 355 and 3) is explained by the distrib-
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ution of the mean minimum temperature, which for the {ive yvar pericad

0 o
is 6,3 G,

the activily of 4. seuetum and A, jpgilon moths would not appear
L0 be greatly iniiuenced Ly ilow teauperatures, and this may be explained
as follows., The daily minimum bemperature is usually recorded at
about 0600 h (J.De Torrance, 1973, personal comsunicabion), and allowing
for say 4 to 6 h before this time for the temperatures to fall below the
fligut threshold venperature, moths could possibly fly far € to 8 h per
night, [he low numbers of bobh specieg trapped during the cool season
would seem Go be a reflection of the reduced population available for

saapling, and not enbirely due to raduced activity with cobler tomp-

eratures,

From vhe calculation outlined in 10,2., and summarised in Appendix
Aele. and AsRe, it was Ifound that 4, gepetyn was able to undergo Ifour
complete generations, and Ae dpgiloc was abie to complete five., The
caloulated dates of completion of each goneration and the observed
dates of completion, as obtained fram light—trapping data, are shown

in Table XXII.

If these results are compared with the trapping data in Fig. 30,
it is seen that bobth species are at & low ebb in the adult stage on
1l Jammary. In ordsr to compare the results obtained from the logistic
curves, the next depression in mobth numbers must be located, For
Ae_ipsilon the next .epression is at weesk 9 (R0 February to 4 darch),

the third depression of the year is at week 20 (14 to 20 May), tie



TABLE XXII, CALCULATED AND OBSuRVED DATES OF GOMPLuTION OF

EACH GENERATION OF A, SEGSTUM AND A, IPSIION DURING 1969,

Calculated date of completion Observed date of completion

Generaﬁm 1
Ae_sezotinn | JAe_insilon Aesogetun | Aedpaile
1 4 Mar 3 Mar Sell Mar 26 PFebed Mar
2 27 May 12 May 14-20 May 14=20 May
3 14 Oct % Mg 25 Sep=l Oot | 17=-23 Jul gg
28 mg-3 Sep
4 10 Dee 1 Hov 25-31 Dec 2-8 Oct
5 31 Dee - =31 Vec

1 =




fourth at week 29 (17 to 23 July) or at week 35 (25 August to 3 Sept=
ember), the fifth at around week 40 (2 to & October) and the last at
weak 52 (25 to 31 Docember), It is seen that there is close agree=-
ment of the calculated dates of completion of each generation and the
observed dates of depressions in moth muimbers as sampled by light~
trapping, with the exception of the fourth generation. For 4. gozetug,
it is seen from Teble XXII that the calculsted date of completion of
the first generation iz in close agrssment with the light—trapping
rasults (observed), fairly close for the second gensration, ut those

of the third and {ourth generations do not appear to be in synchrony,.

lowever, considering that the calculations are based on weekly
mean temperatures and on the assumption thai there was no diapause at
any stage, the calculated and observed results are fairly close in
agreement, It is also possible to substantiate the calculations of
voltinism of the two species with lighti-trap data, that is, that

Ay ipsilon is quinvoltine and 4, gegetug is tetravoltine in hhodesia,

200327, Factors Ganging Qutbreaiks and a Method of Forgeagting

4s uwentioned in section 10.3.,1., large peaks of mobths reecorded
in a light-trap could possibly be attributed to the influence of lunar
pvhases on flight activity, to an influx of migrating moths, or to a
successful bresding of &he resident population, Southwood (1971)
shggests, in genaeral, that far pests of annual crops, miggation is
often the most important process whose magnitude determines whether or
not there will be an outbreax of a pest, The factors that Socuthwood
considerg will affect the gize of the initial invasion (that is,

migration) into & crop will be Ciscussed in section 10.4.

The area of land umder crops in Rhodesia is fairly small in compe



arigan with the total area of the country, so that indifencus vegetat
ion is likely to determine the general trend of the local populations.
Utilising the tochnique of Lose (1972), uas described in section 10.2.,

the results obtained are shown in Table XXIII,

the relationship of rainfall and numbers of mobhs 2t the and of
the cocl, dry, season is shown in Fig, 37, ana it is seen that there
is a fairly high correlation coefficient for each spscies (+0.65 for
Ao segetum and +0.73 for A ipallanl). It would seem that with higher
rainfall prier to the cool, dry season, the indigenous vegetation is
able to remain green for longer and aid in survival of larvae, and
more adults are able to emerge at the beginning of the hot season.
he reason for using the number of moths trapped in August, or August
and September, is that peaks of moths are recorded in light~traps at

this time (week 35 and 45), as shown in section 10.3.1.

102580 Facterg Affecting Seagona] Abundance

Factors that are likely to affect seasonal abundance of j, segetius
and A, ipgilon in Rhodesia are the availability of larval food, the
survival of larvae on crop deuris, migration of adults, pressure of
purasitism and predation, and the ambient temperatures and soil moist-

ure content,

Some 10 tachinids amd one ichneuwnonid nave oeen recolced as parae
sites of garotis in rhodesia, The tachinids include ghlgrelydalla
mgtallica Vill., Guphocera haemervhoidalis Maeq., ieolichocolon paradexum
Be8e, gxorlata fallaxy Mg., Gonja bimaculaba wWied., Ga.munrei Curr,,
Lioangonye farsalis Vill., succlngulun miatum Vili., jagaeria plerang
Heig. and Zepillis pillipss Vill. The ichneumonid recorded is



TABLE XXIII., RAINFALL FROM MARCH T0 JUNE AND NUMGERS OF MOTHS

TRAPPED IN AUGIST OR AUGUST AND SuPTEMBER.

| Log rainfall (ma) Log moths trapped
= March to June Aa sogetun (Mg) Aa dpallen (AugeSep)
1985 2.2 1.82 0.78
1964 1,45 1.45 0,60
1965 1,69 1.20 0.78
1966 2.25 1.80 1,35
1968 | 1,65 1.38 0430
1969 : 2449 1,96 1.54
1970 1,96 1.65 1.26
1971 2,16 1,51 0.85
1972 | R 36 1,40 1,08

1973 I 1,96 1,34 0.74




U9 Alipsilon

1.35 + 0,75x
0.73

H
inn

>
QO 1.C'
% T | T T 1
. C.o 1.0 1.0 240 Red
2
Log moths  August & September  x

<~
.
4y}
=

540 « A. segetum
RS ¥ = 0.62 + 0.90x
£ r = 0,65
=

2.5
[®)]
o!
=

2.0

1.5 o

1,0

O.5 l.C’ 1.5 2.0 205

Log moths August X

FIG. 37, RELATIONSHIP OF RAINFALL FAOM MARCH TO JUNE AND MOTHS

TRAPPED IN AUGUST OR AUGUST AND ScPTsMBER.

1So



Znleompliue capenais F. (= jendeospllug suxoge wilk.). Jack (1918
found tine most persisient parasite to vbe (a Dlmagulata, but unfortunst-
oly does nob umention the level of parasitism attained, No parasites
were recarded or observed during field work., The farmicids Pheidols
megacephals Fe and Canponotus rufoglaucus Jerd, race zuly Bun. were
found to important predators of eggs and young larvae, Seven cases

of predation by these farmicids were observed in which one or both
specieg were active in removing seither eggs or lst and Znd instar
larvae, when thosze predators located an ares where eggs or young
larvas were present, 100 per cent mortality occurred with the exception
of one case when 94 per cent moriality was recorded, In the latter
case 2nd instar larvae were found feeding between the leaf sheath and
stom of & maize plani or were in the soll, both situations affording
shelber frow the predators, Anbts would seem to be important natural
control agents of young cutworm populations, Spiders, spo. indet,,
were observed devouring moths confined in ashestos cylinders during

studies on ovipogition sites,

10,4, Discussion
The reliebility of light-traps as tools for sampling populations
has been doubted by a number of worksrs, dus mainly to the influences

of lunar phases and temperature on insecl{ flight activily,

Williams (1936) {irst explained the phemmmenan of reuuced catches
at full-moon by the reiative reduction in luminosity of the lamp in
competition with moonlight, Subsequently Williams and Singh (13951)
used suction traps, Lhersby removing the light souree as an atiractant,
and obbtained similar results to those from light-traps. Wllliams,

Singh and El-Ziady (1956) concluded that moonlight had a definite effect



on nocturnal insects, and that the low catches in lighi~traps at fulle
moan ars not merely due a physi®al reuuction in efficiency of the
traps, The fiva-year mcans of moth catchas in this study indicate
that there is little overall difference betwsen any of the lunar
phases (Tuble XVI), and that the influsrce of the moon 13 of iittle
conseguence, lHardwick (1972) also found that lurar phases did not
affach the uctiviby of uoctuld moths, and explains that a mercury-
vapour lamp (as was vsed in the Rhodesian iraps) has 3 great surface
brillisnce and emits & high percentage of ultra-violet light to which
nocturnal inseects are particularly sensliiive., The mercury-vapour
lamp may bherefore be less subject o vagaries of moonlight than an

incandescant lanmp, as used by Wllliams in his studies,

Wiliiems (1540, 1951, 1961, and 196R2) has cone smch analysis on
bhe capturss of insecbs in lighi-traps, e states that, "he nuamber
of insects caught in the trap in smy one night is maialy determined
by Lwo factors; (1) the actividy of the insects, and (R) the total
population available {or sampling. The aclivily varles rapidly eeees
and is debermined largely by the weather conditions of the monent,
The population chauges happen more slowly andare determined aore
by the weather conditions sane time Dprevious eeeee o 11® 2atch is
therefare proporiional to both the activity and the population of
phototropic lnsects.! By working with weekly fhobtals of jaoths caught
in the trap, the daily variations due to rapid weather changes are
largely cancelled; Selnan and Barvon (1972) assuaed that the use of
groups of days allowed sghort term wariabions in catches, caunged by
weather variubles, to be avoided, Wibh the poor assoclation of low
bsmpsratures on cabchas of A, seiebyn and A. lpsilon, aad the lact

that cabches sre representad as weekly btovals, 1t cau be said that the



data obtained is alf_?lrly reliable sample of the moth populations in the

area of the trap.

Broun (1970) and Rainey (1974) have shown that insect flight
dierction is greatly influenced by wind direction, and that the former
is generally in the same direction as the latter, 3Srown, Setts and
Rainey (1969) have shown that this downwind movement means a net movee
ment towards, and/or with, areas of convergence (defined as being an
area across whose boundaries wind directions result in a net inflow of
air), Within areas of convergence air is foarced to rise, and this
has the efisct of progressively increasing the area-density of any
airborne organisms, These are often confined to the lower limits of
the atmosgphere by the inhibiting effects, on insect flight musculature,
of the lower temperatures at higher altitudes. The rising air abovs
a zone of convergence is cooled oy expansion, resulting in due course
in condensation and precipitation., Moths that have been concentrated
above a convergent zZone are then deposited with the rain, The most
important zone in Afriea is the ITCZ (see chapter 4), It has been
shoun (3lair, 1972 b) that immigration of Spedopters exegpta (Walker)
moths can occur and they can be deposited during shart-lived converg-
ence. The imnigration of A, gezetuy and f. lpgilag moths on aire
streams and subsequent concentration in areas of convergence would
seem bto account for the peaks recorded by the lighitwtrap in 139 and

1972,

The number of generations that each species is able to complete
per annum varies tromendously in different parts of the world; for
example fA. gegetuym is uni- or bivoltine in Burope (Fiedler, 1930;
Herold, 1913), trivoltine in Soviet Central Asia (Druzhelyubova, 19€3)



and tetravoltine in Israel (Rivmay and Yathom, 1964), while Aa ipsilag
is tetravoltine in Israel (Rivnay, 1964) and trivoltine in Jilgaria
(Vikolova, 19€1) and in the southeeast of the United States of America
(Sattlerthmit, 1933).

It hag been shown by KJ. Wilson (1973, personal comaunication)
that the predatary ants ghaldole megacopnala and Canpopotus rufoglaucug
Zuly are particularly active an the soil surface fram January to June
in ocultivated lands, so that the period of highest abundance of prey
and predator would seem to colncide., The apparent synchronisation

wauld allow the predators to exercise efficient control of young
cutworm populations, Jack (1918) recorded the ant Derylusg helvolas L.
as being a frequent predator of Agrotig larvae, Broad (1966), while
working on Rhodesian groundmut pests, found that a broadeast apylicat-
ion of the insecticide dieldrin encouraged cutworm attack by eliminating
natural control agents such as ants; this underlines the impartance

of ants as predators of cutworms,

The ambient temperatures have an effect on both the growth of
food planis and on the rate of dovelopment of [, gegetum and A, losilone
In determining voltinism of the latier two species by means of the
logistic curves (section 10.3.,6.), it was seen that generations develop-
ing over the cocl season have a slower rate of development than those
during the summer period. For complete development of 4, insilon
about 106 days are required during the cool season anu about 6Q days
during the smmmar, while for A, gogetug about 140 days are required
in the cool season and 60 days in summer, The rate of reproduction
(natality) is thus slower in the cool season than in summer, and with

the scarcity of larval food through low moil moisture content, mortality



will be at a high level, Populations are, therefors, small during the
cool season and this is again borne ocut by light-trap records (section
10.5¢1e)e With the inerease in temperature the rate of reproduction
is increased, and with the start of the main rains, plants baegin to
grow actively to provide suitable larval food which will probably
decrease the rate of larval mortality and result in a greater zbundance

of the species.

It seems that local factors, such ag temperature and rainfall,
account for most psaks of moths., Although the invasion of moths fram
distant sources has nobt been shown clearly, {rom the good association
betwoen days of convergence and number of moths trapped, it would seem

that same migration does take place.



11, CONCLUDING DISCUSSIOHN
Several aspocts of the biology and behaviour of Agrotis sesetym
and A, Jpsilon have been sgtudied to obtain an understanding of the
relatiunships between the gpecies and their envircament. The purpose
of this concluding discussion is to show how the varioug facets are
interrelated in the overall biology of the speciaes, and how they can

be utilised in developing a pest manzgsment systea,

Jdoth :peclies are fairly cosmopolitan in distrdbution, and aras
found In practicully all the zoogeographic ragions of the world. They
are thus able to adapt to a wide range of climatic conditions, and the
need to determine the develonnental rates of the local tricest! was
aevident. In this regard it was found that A, ipsilon was able to
develop at a faster rale than J. _gezotum at each of the temperatures
testeds As Ja dpglilon has the abllity of completing more generations
a year, it is pelier abie to capitalise an temporarily favourable

canditions and may be said to be tho more opportunist of the two species.

In comparing the developmental rates of the two species in [hode
esia with thogse cbtained in other parts of the world, it is apparent
that the local ‘'racss! are adapted ¢ warmsr temperatures., BXtrae
poltaion of the logishic curvaes oblainad ia this study indicate that
1ittle devolopment tukos place balow about 10%C, whersas the 'races!
in countries with cold climates are able to develop below this temp=-

epature,

From the larval ochavioural studiss, certaln points have emerged
wiich could be utilised in formulating a pest management system. It

wag shown that lst and 2nd instar larvae were photopositive, that a



change took place in the 3rd instar, and that from 4th instar onwards
the larvae showed a negative phototaxis (sce section 8.3.,1l.). This
same pattern of reactions was also seen in the field, In section
8,324 it was shown that the feeding behaviour of the larvae was
related to their phototactic reactions, that is, the larvae feed on
tender foliage above the soil surface during daylight hours and from
the 4th instar they shelter in the soil during the same period, The
time that young larvae would be feeding above the soil during the day
is about 10 to 14 days during the warm summer; this has been determined
from the logistic curves obtainad from laboratory r:uaring. This
period thus represents a vulnerable part of the life cycle which could
be utilisea in exercising control of these two species, <The fecding
marks caused oy the young photopositive larvae are fairly character~
istic (section 843.2.), so that the presence of these larvae can be
discerned, With the young larvae being above the soil surface during
the day, they would be readily accessible to parasites and predators,
and to insecticides or other chemicals such as anti-teedants. With
the small size of the larvae at this stage, the gquantities of insect-
icide or of anti-fecdants necessary to obtain control would also be
snall, The possible use of anti-feedants would seem %o have the
advantage over tha use of broad spectrum insecticides as they should
not have an adverse effect on the importani natural control agents,

such as ants,

Photonegative larvae, with the exception of those in the last
instar, were shown (section 8.3.,3.) not to be able to survive on crop
dobris for longer than avout 34 days. It seems that larvae require
green plant naterial in order to develop successfully, which means Lhat

populations established prior to the main cropping season probably rely



on wead growth as a food source. The main damage to newly-ewerged
crops is caused by photonegative larvae, which are very likely to have
established themselves on weeds grouing in the lands priar to the
planting of the crop. The introduction of a bare fallow, with strict
control of weeds, for a period of say a month prior to the planting of

a crop will probably reduce the resident population through starvation.
FKepular scouting of newly-smerged crops, and any weeds growing in the
lands, should provide a uneansg of determining the presence of new infest-
ations, Scouting for the presence of eggs on crop debris, narticularly
on fibroas roots, mdy slso show the presence of a new infestation
(section 9,3.,1.)s It may be possible tec create piles of such fibrous
material in zpriculiural lande, so that gtandard samnling can be under-

taken by farmers,

With regard to the control of cutworms by the tobacco grower, it
was seen (section 8,3.2. (b)) that lst instar larvae are unable to
successfully establich on 'hardsned! tobacco plants, which secrete
alkaloid from the distal ends of the trichomes. Until the tobacco
seedlings are hardenad, the amcunt of alkaloid produced is small and
it is nossible thet infestations could become established, However,
the seedlings are growm in seedbeds of gmall area, so the scouting for
feeding marks should pose no great problem and an approprhiabe control
measure could he taken against the young lsrvae, The seedbeds are
normally fumipgated with methyl bromide to control nematodes, and any
resident cntworms ave sure to suecumb to this treatment, Invasion of
the sexibed area by photonegutive larvae may be prevented by the use
of barriers, such as steep-sided aitches or & water moat. When the
secdlings are planted out into the lands, any resident population of

cubtwormas may be reduced by the introduction of a bare failoww.



a8 puphtion does not occur at any great depth, the pupal stage
could be managed by mechanically working the soil to cause death
directly. By tilling the soil, weed growth would also be checked and
would probably render the area unattrzctive to ovipositing females (it
was suggested in section 3.4, that female moths are initially attracted
to areas where young, green, foliage was present), An area of bdare

fallouw would also be unable to support a population of larvaas,.

It vas suggested in section 10.4. that A, gegetum and A, jpsilen
moths are migratory, Southwood (1971) and Fletcher (1925) aaintain
that migration is a most important factor in the invasion of pests into
annual crops. This type of dispersal need not involve leong distances,
but as a high proportion of aoths in a population arc capable of
sustained activity (section 9.3.2.), dispersal flights over long
distances are {easible, Many of the economic host plants of j, segetum
and j. ipsilaon ars anmual craps, and so tine invasion of these crops by

digpersing moths is worthy of diseussion,

Southwood (1371) enumeratad four factors that affect the size of
the initial invasion (migration) into a crops
(1) Huwabers of potential invaders;
(2) Distance of source of invaders;
(3) Conditions for invasion and settling;

(4) Attractiveness of the crop.

The number cf potential invaderg will depend on the availability
of food plants during the cool, dry season ami cince cutworms are poly=-
phagous, practically any growing plant may be considered as food.

With the increasing area of winter crops, such as wheat, being grown



under irrigation in Rhodegia, aml the trend of planting crops such as
maize earlier each year (from the beginning of August), mare food is
becoming available for the winter and spring generations of cutworise
The more favourabls conditions are likely to increase the number of
potential invaders into the main rain-planted crops. fram the
increased numbers resulting from winter cultivation, and from the early
planted summer crops, it would be necessary to know tie migratory
potential of the moths sc that the number of potential invaders could
be determined, The propcrtion of moths in the laboratory populations
designated as being 'active! has boen determined (section 0.3.2.), and
although the proportions of the active and inactive morphs arc likely
to change with environmental and intra-population faclors, un’ approxe
imate number of potentdal invaders could be related to catches of

aoths in light-trape,

The identification of the crigin of the immigrants would provide
sites four sampling the numoers of potential invaders, on a longer term,
and also provide information on distances over which uwigration can
occur, No work has been undertaken on this aspect dwring the present

study.

The number of potential invaders that actually settle on and
invade a crop will depend on metesorological conditions, and on the
attractiqgss of thne ecrop. Winds have been shoun by srown (1970) to
be important for the transport of moths over long distances, and that
these aigrants ars concentrated in zones of convergence and finally
deposited with rainfall. In order that young larvae can develop
unhindered, an ample supply of young tender foliage near ground level

is necessary. In other words, the craop or other plants must be in the



sarly stages of growth at about the time of oviposition. With the
present trend of oxtending the cropping ssason in Rhodesia oy irrigate
ion, there is a corresponding extension of the period uuring which crops
will provide {foad for unhindered development of young larvae, and also
atitract female moths for ovipesition., These favourable conditions
should increase the chances of survival of larvae hatching from sggs
lald by moths during the winter and spring, so that the local populat-
ions should expand, probably exponentially, by ithe time the main raine
planted crops germinate, It is only during the rainy season thatl
imnigration of moths from distant sources will be of any conseguence
(see/cnapter 4) in reinfarcing loecal populations, bui these invaders

will nevertheless be of significance in potential outbreaks.

The outbreaks of cutworms prior to the introduction of methods
for extending the cropping season, tnerefors, were probably due to
suitable meteorological conditions bringing invaders into localitiaes
having a favourable environment of young plants, With the extension
of the cropping season, bLie chances of establishment of an infestation

are increasing and more outbreaks can be expected than in the past.

It was shown that the total rainfall in MYarch, April, May and
June can bs utilised to forecast the number of potential invaders into

arsas under early-planted crops (section 1043.7.).

The availability of larval food, Lhe survival of larvas on crop
debris, dispersal of adults, pressures of parasitisam and predation, and
the ambient teapsratures and soil moisture content are factors that are

likely to aflect seasonal abundance of the two species.



the first two factors are interrelated and may be considered
together, Newly-hatched larvae require tender foliuage to survive, and
if prevented from feeding Lhrough mechanical means (such as stieky
tovacco) tnen high wortality results in a few days. Fourth instar
larvae were shoun (section 8,3.,3.) to be unable to survive on crop
debris ror longer thun about 14 days, indicating that older larvae also
require green plant material to undergo satisfactory Jevelopasnt, In
areas wiere irrigation is not carried out, tho condition of the vegee
vation is dependent on rainfall in the rainy and post-rainy seasons,
The amount of suitable food during the cool, dry, seuson will therefare
e scarce, and cutwarm populations would be expected to be at a lou
level., This is clearly ssen in the light-trap catches of mbths
(section 1043,1.). However, as was imdicated earlier in this discuss-
ion, tine increasing area being brought under irrigation during the dry
seagon should provide a suitable habitat for continued development of

Agrobis populations,

With suitablc winds and zones of convergence, adults having the
potential of prolonged activity are able to migz®ate into favourable
habitats. This was indicated by light-trap catches of uoths in 1969
and 1972 (section 10.3.1l.), and since migration is of great importance
in the colonisation of annual crops, this phenomenon would seem to be
fundamental in the abundance of the species. Areas of convergence are
only of consequence during the rainy season, so it is at tnis time that
long distance migration can be expected to take place. Again, this
is borane out by light-trapping. Large peaks of moths were recorded
in Jamary and Febmary of 1999 ani 1972; these two months represent
the height of the main rains in Rholesia, The arrival of imaigrants
servas to augnent the resident populations, and increase the abundance

and vigour of the species.



12,  SUMMARY

ie. Six species of cutworms have been ifound in Rhodesia, These are
Agrotls sezetum (Benis & Sciff.), Ao ipsilon #4fn., Ae spinilers
H¥bn., A. longldentifers Hampson, Mentaxya albifrong Yeyer, and
Yo dgndeollls Valk.

ii, 7The most important species economically are A, secetup and Al ipailan.

111. The developmental perlods at constant temperatures for the two
species, Aa.dpsilon and A, gepetum, have besn shown to be diff-
erent. Aa . ipsilog develops faster than A, secetup ;t each of
the temperatures tested between 15° and 33%, kquations have
been caleulated for the logistic curves which express the rate

of developmeat for eggs, larvae, and pupae.

iv, deans of distinguishing the two species in all stages of develop-

ment, except the pupa, have been found.

ve Laboratory observations were made on the influence of rearing

temperature on ths fecundity and fertility of moths,

vi. Phototaxis of both species of larvae has been investigated; the
larvae are photopositive for the first two and a half instars,

and then become nsgatively phototactic,

vii. Larval feeding behaviour was found to be related to their photo=
tactic reactions, hen photopositive, the larvae feed on or

above the soil surface during daylight and once they become



photonegative, they feed below the surface during daylight and

on the surface at night,

viii. Trichanal secretions from tobacco leaves were found to be effect-

ive in trapping lst instar larvae, and causing ap reciable mortality.

ix., Larvae in 4th instar were unable to survive on crop debris,
whether moistened or dry, for longer than 14 days at a temperature
of 24%. Sixth instar larvas were able to pupate, though the
resulting pupae were significantly smaller than those resulting

from larvae given fresh food.

%o The depths at which larvae pupated were found to be within the
top 25 mm of soil, and that the higher the soil moisture content,

the shallower the depth of pupation,

xi, Patterns of smergence of photonegative larvae from burrows and

of re-entry into burrows were elucidated,

xii. Preferred oviposition sites by moths in caged areas were found
to be on plant debris, and this was verified in the field, The
preferred substrate would geem to be one with crovices and uneven

surfaces,

xiii., The capacity of moth activity was studied. s ipsilon moths
ware generally more active than A, gegeiug. The characteristioes
of activity seem to be inherited, with active moths giving rise
to a population with a greater proportion of active individuals,

and viece varsa,



xiv, Virgin female molhs of j, gegetuy were found to possess a

pheromone(s) that serves to recruit & sexual partner and to be a

releasor of male copulatory beshaviour,

Tha seascnal abundance of moths of 4, segetug and A, jpsilop were
monitared by light-trapping, and showed that moths were present
throughout the ysar. The influences of lunar phases and low

temperature on f1light aetivity appear to be minimal,

xvi, doths of both species ars belisved to be migratory.

xvile 4a dpsilon was found to be quinveltine, while A, gegelym was

Xﬂiio

Kixe

tetravoltine, Voltinism was determined by calculations based on
the logistic curvss and mean weekly temperatures, and also comp-

ared with light-trap catches,

Major factors causing outbreaks of cutworms are tnought to be due
to influxes of migratory moths, good late-seasan rainfall, and a

supply of tender foliage for larval foad.

A good correlation has been obtained between the total numbers of
moths captured in a light-trap during August, or August and Septe
gnter, and the total rainfall recorded at the end of the rainy

season, This is useful in predicting the populakbken levels that

can invade early-planted summer crops.

The predatory foraicids, Pheidele megacepbala F. and Cagponotug
mfoglaneus Jerd, zyly En., were found to be eifficient predators

of Agrobis eggs and young larvas,
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APPENDIX

Calculated Development of AL segatuy in 1969 at Salisbury

Month Detes Mean temp.OC Stage ¢ development Cumulative %

Jan

Feb

Apr

1- 7
B=ld

i2-18
19«20
26 1

2= 8

Jmld
16=22
23=%
&7 =29
350- 6

713
14-20

21=27

200
20.7
Led
dl.l
PARRE
AR
a.1
1.1
et
Tled
0,9
2.0
20,6
19.€
R0e2
19.9
0.4
1840

i8.8

.

Lgg

Larva

Pupa

Egg

Larva

Pupa

105,00 105,00
17450 17490
19,256 X .75
18.%0 54,906
19,60 74455
18,0 9275

7480 100455
20 .00 20 .00
40.60 60.60
36 440 97,00

102,00 102,00

2,60 2,60
16,80 19,40
14,70 54,10
16,10 50420
14,98 65,18
1€ ,66 8l.84
11,20 95,04

€440 Q044
16,40 1€ .40
26,60 43400
19.80 624860
16,10 78,70
. 00 99470

continmied eeee/



Month Dates Mean temp,C Stage ¢ developmernt Cumulative %

day 8= 3 14,9 Bgg 42,00 42400
Jun 410 14,0 31450 75450
11-14 15.4 26,40 99490
15w17 15,4 Larva 2.10 2.10
18-24 12,7 2,24 7
2= 1 15,6 5,18 9,52
Jul 2= 8 14.6 4,48 14,00
915 15,7 5422 1722
16=22 13,7 3422 20 o4 4
R5=29 12,6 2424 22.68
50= 5 1640 6,72 25 .40
mg 6wl 15.8 €.72 % .12
15-19 TRE 5.6 41,30
2026 16.3 756 46,86
K B 17,9 11.20 60,06
Sep 3= 9 18.5 12,04 72410
10-16 19.1 13,44 8E 54
17-25 17.5 9450 95,34
245 21,5 5,56 100,490
B30 2 o6 Pupa 26 400 26,00
Oct 1-7 2146 35,00 61400
Gumld 2542 40.€0 101,60
15-19 2,7 Egg 92450 92450
20w 2,7 larva 19.46 19.46
2228 20.4 I2 .66 g
29 4 19.€ 14.70 50,82
Hov  Bell 21,5 19,32 70,14

continued .ooo./



Manth Dates dean tamp.oi} Staege % development Cumulacive %

Nov 1218 A2 Larva 15,24 86,38
19-22 2349 12.80 99.18
RBmD 2349 Bapa 13,30 18,30
L= 2 2343 4.3 59450
Dec G G 0.5 32480 92,50
10 22.8 5.70 98,20
11-15 RZ.8 Bgg 10000 10G 400
16 2% ¢8 Larva 3.04 3.04
1723 207 17,08 20.12

2430 20.0 15,68 35,80




As2. Calculated Development of Aa ipailon in 1969 at Salisbury

Month Dates Mean temp.OC Stage % development Cumulative %

Jan 1~ 6 20.0 Egg 102,00 102,00
7 20,0 larva 2440 2,40
8eld 20,7 17.00 19440
15-21 21,3 18.90 38430
2228 21.1 18.55 56 .85
29w 4 21,6 19.25 7€..10
Feb  5-11 21.2 16.55 94.65
1213 21,1 5,30 99.95
14=18 2.1 Pupa 28,00 28400
19=25 2144 38,50 €350
B~ 3 213 32,40 98,90
Mar 4 21,3 Bgg 18,60 18,60
5~ 8 2049 7380 92420
9-11 2049 Larva 7,95 7.95
12-18 20,5 17.85 25,80
19-25 19.6 16,80 42,60
2Ba 1 2042 17..50 60,10
Apr 28 19,9 17.15 77025
9e15 20.4 17.50 94,75
16~18 1840 6430 161,05
19-22 18,0 Pupa 16 .40 16,40
23-29 18.8 5080 47420
50— 6 18.2 30,10 77.30
Mey  7-12 15.9 21,00 98,30
13 15.9 Egg 1020 10.20

continued ..ees/



. s

Month Dates iean tamp.”c obage 4 uoevelopmcnb Cunulabive 3

May 14-20 14,6 Bgg 60,20 76440
2123 1€ .4 52440 102460
J ST 16 .4 Larva 7 420 7.20
28w 3 14.9 11.55 15475
Jun  4-10 14.0 10.50 29325
1117 15,4 11.90 41,15
18-24 32.7 9.45 50460
25= 1 15.0 11,55 62,15
Jul  2-8 14,6 11.20 75435
9-15 13,7 10.15 83450
16=22 13,7 10450 94,00
25-27 12.6 8,75 100,75
28-89 12,6 Pupa 5,00 5,00
30~ 5 18,0 24,50 29,50
mg  6-12 15.8 23,80 55430
15=19 15,1 22,40 75,70
20-26 18,3 25420 100,90
27- 2 17.9 Egg 92,40 92,40
Sep =9 15,3 Larva 15,05 15,05
10=16 1.1 15,75 30480
17-23 17.3 14,00 44,80
24=30 21,5 10,28 €4,05
Oct 1~ 7 21,0 13455 32460
8-13 2542 13,30 108,90
14 2342 Pupa € 040 6440
15-21 21,7 39420 &5 ,60
2:a23 20,4 35,70 81,30
29— 1 19.6 18,80 100,10

continued ..eee/



Month Dates idean temp.(“C Stage ¢ development Cumulative %

Nov 2 4 13,6 kge 47 ,40 47,40
S 7 2145 $7.60 105,00

Geell 21,5 Larva 11.0¢ 11,00

12=18 ek 17.50 Rd 450

1925 23.9 &R.75 81,25

e 2 23,5 2L,585 72,60

Dec 3= 9 2.5 17,50 20.10
10-12 22.8 9400 92,10

15=16 2.8 Pupa 24.80 24,80

R VE2 W7 .40 €1,20

2430 2040 8.350 98,50

51 &40 5.80 101,50




