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SUMMARY

' The cowpea aphid, Aphi.s craccivora l(och j-s .ln anholocycJ-j-c

species anct the principal. vector of subterraneôn clc¡t¡er stut'r1-- virus,

in te:rperate legume pastures j-rr South Bastern i\ustral-ia- It- occur!ì

in sntal.l ntunbers j-n late autirmn and spring and so is not a- pest i"n

South Australi.a. The v/ork descrilced in this thesi.s was L'-tldertakË:tl

to j-nvestj.gate ttre possible causes of its non-pest sta'tuf-+, to mt--asure

i't-ss ern-ì-gration potenti-al , and also ho study the effects of gr".,wing

brcacl beaus ou its populatiou levels in the South Atrstr:alj-atr

eri,vi:f onlnent.

Three phases of fie.l<l biotogy of À. ctaccivota were studied:

migrant-. prorJuction, f.tight behaviour and col-oniz¿rtion

Fíe]d cage ev'periments on the growth of. A" ct:¿tccit'ora

colonj-es on broad beans indicateC apterous dispersal as a colìsistent

ancl fa-c;ultati-ve behavioural inechanism. There Ís no evidence of red-uced

fecundity of ap'l-er:ae with iricreasing population clensity cf a co1-ony,

prior Èo the start of clispersal. Reduced production of young n)¡I¡ìilhs wa-sj

associated with apterous dispersal.

The rate of prodr:cticn of migrant alatae varied between 75 and

9'ls¿ ín colonies with 550 to o.¿er /rrOOO aphi<ls. The tc¡tal number of

al.atae w?rich clisperse<l from a broad bean pl.ant varied betv¿c:en 3r300 anci

7 r7AO, ,I'he p::oport.ion of apteïae amonq the aciult emJ-grants r¡aried- front

5 +-o l-52. parasit.ization soon after coloni.zat.i-on frequently pr:eveni-ed

the est¡¡blishnrcnt of a coJ-onY"
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I'he capacity to pro<luLce e.migr:ants differs ir-r host- plani-

species. I{ore ala'Lae dis¡:ersed from }:¡:oacl bea.ns than fr:om. comlìlon

burr nedj-c and s'¿b|-.e::rarteart olover¡:lant.s of ttre same age" Apter:ae

begarr to disperse earlier: fi:om cofiìmcn ]ruri: medj-c and subter:rauea¡r

clover than fr:om bro¡.rd beans; the tittr.e lag was appÏox:Lmat:ely one

general--ion time. Inj-tial rlu-obers of col-onizing a-l-at'ae inf Ìuenced the

l:ates apcl patterns of al¿rta <Lispersal . rtì.thout influencirrg 1;he alata

output from a cofony. HosL plarlts on whj-ch colon-ies had been j-nitiat-ed

with 4 arrd B alatae, collapsecr earl-ier than those \"'ith I and 2 al-¿rtae '

The resul-ts def,-ine.<l the concept cf finite carrying capacity of host

plants r^?hich are tra¡sient resouÏces for A. craccivo¡:a.

.Ihere is no evidence of l¡ehar¡ioural polymorphism among

A. ctaccivota alatae and it is probable that they are pre-l:eprocuctive

oblj-gatory mi-grants, However, Lemperatures below t6oc do inhibit

take-off in the field" Rains, clelv, and excess honey dew, may aJ-so

recluce the extent of alata d.ispersal in the field because of t'heir

wing clistortion effects. The influence of prevail-ing environntenLal

factors appears to determine ihe extelì'E of long dista.nce al.ata

dispersal despÍte their: innate rrtigratorj-ness '

Field experi-rnents and observat-ions indicate that broad bean

is a suitabie crop for colonization by A. ctaacivota in south Australia'

Two peaks c.:f colonizing alatae were recorcled, one sp¿rll peak ìn late

May ancl a major peak in micl-october or earl'y November' The rate of

primary infest-ation of a 4 week okl broaif bean cr:op was ver)¡ low i'e" '

O.O4 a.tata per stem. Two featul:es of cc¡l-onization w<:re observeclt
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interpJ.anL movenenl: and aggregative behavionr of coloniz-iIrg alatae.

The significance of these aspects is discussecl in relation to the

success of colonization anrl establj-shment of the aphid in a new area.

The resu-l.ts have been discussed with reference to the

deterministic population mo<lel (Gutierrez et a7. 7974¿i) of. ;q" craccivorat

and the role of migrat-i-on in its entirety is cr.efined in rel-atj.on to the

survival and the abundance of Lhis aphid" It is conclu<led that

A. cracciì¡ora is not adapt.ed to reach pest proportions itr tc-:m¡:erate

Iegr.rme pastures and it is predicted that Ít has a potential of at1:aiirint¡

pest status if broari beans eïe gïovrn cn a J.arge scal.e in Soirth Austr:al-i¿¡"
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SECTTON I

INTRODUCTION

The covrpea aphid, Aphis craacivora I(ochf lB54 (Aph"idj.¿-ì.¿re:

HomopLeïa) is an important pe:st of plants of the fam-ily Legum-ì-nosae,

but inf ests other dicotyleclons as v¡elI " Tt is a cosnìopol j.t-¿rn ¿.rrrcl

polyphagous insect ancl as sr-rch ís the sr.i-bject of coltsir-ierabit; econc¡mic

literature (I3odenhej-mer and Sl.Iirsk-ì- 195?; Eastop 1966) '

I.I: Svnonomv of APhis craccivota

A. ctacciyora Koch, has oft.en been confused \r'ith other black

aphids and various names have been applied to it- A. tohiniae Macchj'atj'

A. legumi.nosae Theobal<1 , I9l5 (Hille Ris Lannbers 1948) ancL ¿ri '' J'oLi

Kaltenbach (Gair and Tayror 1957) aÏe synonlzms of A' craccirzora Koch'

A. Laburni Kaltenbach, 1843, and Ä. medicaginis Kocht 1854' are dj.stinct

European species whose names have been appiied to.4. cracc:lr¡ora in

Aust-ralia (Hille Rj-s Lanrbers 1948 ; Dyce 1951; Bastop 1966 ; Carver

Lg74, personal conununication). This aphicl has also been de-scribecl

as A. medicaginis in New Zealancl (Cottier' l-953), Hawaii (Zimmerntan

1948) and the U.S.A. (Anon 1962).

various comtnon names have aLso been applieci to ttris aphi-d

in different ¡:arts of the wol-l-d, i.e. the corvpea aphid in tlte u.s.A'

(Huffaker and. Messenger 1976) and Australia (Gutierrez et aL- 1971'

L974a, Ig'l1]b; Behncken and Maleevsky Lg11), the groundnut aphi<l in

Indj-a (Patel ancl Fatel l97l¡ Pa.bel et af . L976) ancl Africa- (Jones

Lg67), the black bean aphicl in the PhíIippi¡es (Be::nadc L969) and the

orj-ental pea aphid in Japan (Kawacla L973) -
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L.2: Di-stribul--ícn a."ncì hc sjt Ðlô_ntS cÍ 1i. eracC:i\7t)I.ti

The origirl of thi s specj-es is uncertain and probdr-l-y sor'.rer'¿here

in the steppe areas of the Palc:ar:ctics (stary 1963) " This aPllid is

t::ue1y cosüropol-i-'t--an -tn its clistribut"ion and oocurs pr:e<ltrminantly i'n the

nedj"terranean, subtropical- alrd tropj-ca1- regions'

ln the Micì<]le East, it accurs i.ri Íigypt (IT¿rs-'alreir¡ et aL. I97L¡

Sal-elr et ¿tf . Lg72.) , Lsrael, Joi'rlatl , Lel¡artort' Traqt 'Ìt.trJcey and lra'rr

(Roclenhe:Lmer ancl Swirski l-95'ii Scþal.k 1973; Kaiser L9i2, 19'73) ' In

the Afri.can con'Li-nent it has been :cecordecl i¡r No.r-t-h Afric':a (tLeal 1955),

Congo (Jepson Lg48), I(enya (EasLop 1953; Jones 1.967), Sucian (Cl-.j-nt-on

Lg62), NigJeria (IrtBr-ook L964, l95B; ilooker 1963) . Ethiopi.a (Ea-:;top

Lg66), Tanzania (Evans Ig54), LTganda (Davj.es 1972), Ma-lawi (Adams

1961 ¡ Farrel.l 1976) and South Africa (van <fer l{er:r'ire I93I; Iqüller and

scholl lg5g). In Europe, j-t occurs in Gennany (r'alk Io'57, 1958), Bulgarria

(Grj.gorov 1960) , Czechslo.'¿Ort (Stary l-968a) , tl-ie U.S.S.R. (Stary 1968)

and southern Engl-and (Eastop f966). In /\sia, it occtrrs in Afqhanistan

(stolyarov ei al. Lg74), Pal<istan (Ghani 1971), chiua (Eastop 1966) '

India (PateJ. atrd Patel- I97I) ' Japan (I(a-wacla L973), ancl Ceylon (Eastop

f966). In South Ea-st Asia-, .4. craccivot-r has -þeen r:ecorcle<f in t-he

Plril.ippines (Ber¡ral¡e L972¡ Bernado 1969) n Java, Bcrneo (Uastop 1966) ,

Ir{aiays-ia (Poh and Lim 1972) and Nev¿ Gujnea (Eas'Lop i966) ' Tn the South

Pacific, it has beel foutrcl ín New ZeaLand (Cott-ier 1953; Lowe 1966) ,

Fiji, Sarnoa, Tahitj- (Eastop 1966) and alsc irr ÏIarvaij, (Zín¡merman 1948;

I{iga and Nanb 1970). Ïn the tuno::icas, it occurs irr Canada (lllvans

1973) , the U,S"A. (Lecnarcl I9l3¡ Ra<1ke ef a-l . L9-13; Iluffaker an'd

Messenger f976), I.{exico, Ar:genti"na, Cìuyarrao Chile, Colomb-ia, Sr¡ririam

(Il;rstop 1.966) ancl Bol-ivia- (Squire L972). Itr the Caziirberan, it occurs
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in Jamaica arid Tl:jnidacl (Bastop 1966¡ Flaglle and Che¡ul-v L972;

see afso CotTrno:rr\n/eal-'Eh l.nsti.t-u'te of Entolrrology rnap 4.99, l-959) '

A. craccivora _is an ini-,roduced species in Aul,;tra-[.ía (EasLop

1966; Carver ancl Stary Lgl 4) and <¡ccurs :l n Qtreenslancl (Passlor'J 1969) ,

Irrew South trrTales (Dyce l-951; Johnson L9r-i1., l-951 ; Grylls L912'), Victor-ia

(O'Loughlin 1963; Nanca.rrow 1976) , Tasmani.a (i.lartl¡n and Nliiler 1963),

South Aust.z'aIia (Edwards 1953). Cetrtral Australia (i"Jhite I9(;7) ancl

t7e:+tern Australía (Carver 1.9'1 4.- personal coïûrnuliication) .

Legr-rntes are principar hosts of this sr;ecies in rnarry regions'

Besides legumes, it ha.s l¡een for:nd to attack cotton ìn Eg'ypt (HassaDein

et al-. 1971), Afghanistan (Stolyarov et aI . 1914) and the U.S.A'

(Smitfr and Falcon 1973) ; citrus in Israel (}3oclenl-reimer ¡trrd Srvirski

L957¡ Stroyan 1961.); graín crops in Bot.'¡--¿ia (Sqrrire i972.) and forest

trees in Turkey (Canakcioglu L912).

In Australia it has l¡een ïecorcled ou 67 plants bcionging t-c f9

different families (uyce 1.951). Pasture legumes (Gutierrez et a7. l97L) ,

field beans and peas (Anon 1955, L91L; Edwards 1953; Martyn and

Mifler 1963; Saunders 1968; Martyn et af. 1969; Passlorv- 1969;

Gryl-Is Ig72) are mainfy attacked. The a-phj-cl has also been found on

many endemic plants j-n Central Australia (White 1967) and North Vlest

New South tritaleis (Johnsorr L95I , L957).

1"3: Bcononric impo:rtance of Ä " ctaccivata

A. craccivora is economically ínrportant for two reasons.

Fírstly it is a pest on cl:ops like broad i:ea¡s (Saleh ei a7. L9'Ì2i
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GlryJ--Ls Ig72J, french beans. cowpeas, pulses (Bernabe )-9'l 2¡ iniagi:rLur:e

and Pokharkar L974) aird grouncl;:uts (Passlow 1969; PaLeI atld Patel

1971-; FarreII 7.c)76) in different part.s of the v¡orl-<l.

secorrdly, and more ímportantl-y, it is a mobil-e species and

¿rrr efficienl': vector of many '¡ir¿Ll pathoge-ns such as ]:o:let'i.e virtrs of

grounclnuts in the African contilrr-:nt (Evans 1954¡ Mütl-e.r and Scholl

1958; Bool<er l-963; AlBrook 1964) and fndia (Kousaly¿r el: a.1.. 1.971);

peanut mottle virus in East Africa (Bock L973) ancl l,Ìrc: LI .S"4. (Kurh:n

and Demski 1975) i groundnut rnosaic virus j-n l4alaysia (Poli anci Li¡n

J"g12) i colypea rnosaic vims in Trinidad (llaque and Cherlutu 1.972) , -[ran

,yi (Kaiser et a7. 197L) and Australia (Bencken arld MaleevsY-y 'Jtf-l'l) i broad
I

bean yellow ¡nosaic virus in Iran (Kaiser et: af. 1971) , Egypt (Ai¡u Sal-ih

et a7. Lg73; EI-Kady and Sa1em L97¿t), Ind.ia (Naga.icir and. VashisLir l-965)

and Canada (Evans 1973); pea leaf r<¡ll vir:us il: fran (Kaiser and Schal-k

1,g73) ? subterranean clover stunt vi¡us (Gryl-Is ancL ilutl-et 1956¡

Srnith L966¡ Gutierrez et af . L97L¡ Gry-IIs 1912¡ Nancan:ow L976)

and sugarcane mosaic vir:us in Australia (Teakle ancl. Gr¡ylls I973) i papaya

mosaic virus in Hawaj.i (Higa and lfie¡nb f970) and India (Khuran¿r and

Bhargava l-}Tl-) i watermel-on rnosaic virus in l--Lori-da (ad-lerz -1972' 1974) ?

cucrrmber mosaic virus in Ïndia (Singh 1969) and Iran (f'aiscr et aL ' L9'tI)7

and 'Iristeza virus of citrus in India (Ver:ma et aL - l-965) .

L.Az Life cycle of A. ctacci-vora

As an aphid of worLcl.v¿ide <listrikrucion, A" ctaccivota has

successfully adapted j-Èsel-f to d-iffe¡:ent clitnates. fn nort-hern aird

ter.rr¡>erate zones v¡here w.inters are sevet:e' it.s life cycle is holocyclic
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i.e., it over:u'inter:s in the egg stage .i-n sorrthern Germauy (lräl-k L95'li

Uütter 1;966, t9'il-) and BulEariei (Grigor:ov 196C) on lucerne (Medicago

sativa) anrL on colnmon vel-cÏ, (CoroniLl-a varia) in the North Easter:n

United S1-ates of America (Radke et ¿tL" L973). Ala'ca-e frcm thcse

{ primar:y hosts migrate to beans" I{ovreve::, in the sur}:'-tropics ¿rn<l

tropi-cs, th-is apir-ì-d is excl.usiveì-y anholocycl:Lc, j-'e', it rep:roduce:;

parthenogerre'i:ically artd viviparous.ly 't-hroughout tÏie 1'€ì¿¡ on a wide lange

of host pfa-tlts. Detailed sturlies on its b-iology in North Afric.r

(ReaI 1955), Eas1.. Afr-'r-ca (Erzans 1954), Sorrt-h Africa (van cier ¡4eTwen 193I),

the I,{jddle East (Boelenheirner au<l Sv¡irski L957), India (pa'bel antl P¿rtel

197f) and. Aust-ral-ia (Dyce 1951; Johnson 1951; Gi":,1-ierrez ei al-. I97L¡

Carver Tg74, personal- cornmunicatiori) revealed its a¡rholocyclic life-cycle'

Basu et aL. (f968) recorrfed serxuales of .4. craccivora i.n Iirdía- Their

findingi may, however, be regarded as an exceT:tj'on'

The fact, thai'- A . cracci.vora su:rvives i¡r different climatic

zones by a change of its life cycle, has led aphid Ì:iologisbs to specul-at"e

about the probable evolutio¡ary pathways teading to such an adaptat-ion'

Uüff.t and Scholl (f958) maintain that this species consists of several

biological races throughout i.ts range. ¡lJ-f:-er (1966) reEarcls Ä' craccivora

(in tTre sub-tropícs and tropics) as an anholocyclic population cf the

holocycJ-ic European species. !-urther experirnents ly Uülter: (l97L) '

revealecl that, after five years crf excl-usi're parthenogenetic reproduÇtiont

A. ctaccivora hafl not Iost the- abil-it1z to produce sexuafes in East- Gernanv

and this led 't-Tre author to concl-u<1e that anholocyclic populat--ions of

this aphid evolved by rnutati.on ratt.te:: than by graclual physio.Iogical-

changes "



6

I.5: P;¡st wo::l'; on 'Fhc 3r-:r-rf gr;y af A" cracc:i-\rar-'a i-¡: Af r::i-c¡r

a,nc1 I¡rc.1i,a

Despi.te numerc.)Lls oir:ierva.tions on the cccri-:rrence of.

A. ctacci.l./ol:ä in cii.fferont parts of tire r,'orlil , ít i,s sll.r:pl:irì-ing that;r

fev¡ detai-tecÍ studies h¿r've been ma<Ie on its ecoloç¡1.. Corn¡'>r;e1ìeirsi-ve

stuclries; c;n the eco.logy oJ: Á. cra-cr.:ivc¡re. -ln Af::ir;¿r inel.ucic thc'se of

van der Mer:\^re (l-93f), ÌÌeal. (1955), Ilv¿rrìs (1954) , ¡:ìavies (L972 ) rnd Fa.r.re-[.l.

(1S,76) " Ti'rese stuciÍes; do províde a wealth of-' basíc f-i.el.ci cì:;.'l-a cn

the infestal-iotr of Erounclnr;{-s in re-iafíon to sp+rcing aitr<} }ricti'L densi'Ly'

r,ean aphid nrinùre::s per pI;rn.t or unit a.l:ear morph cotni:osit-iol'l ar:'ã size

of aphid colonies, inciclcrrce of natural enemjes a;:r.C off-sieason hr:s;is

for the erphírt. The majn interest evokíng tliese sbuclies h¡rs bee¡r the

r:elationshÍ-p betrveen l1 . cz'accivota anri t:he spr:ead of ::r¡se'ct:e clj-sea.se

ín groundrruts;. With tlie. exception of the stud.-¡' by F¿r¡e]-I (1.976).

none of these sturlies bcts a+-tempte-d to ex¡plore - \'ühy dc':es this aphÍd

attain low popuJ-ations per unit area' and rçhat are the causiefl v¡hich

6etermine chcìnÇes in its populations in groundnut molìocul,tu::es within

the pex.spect-ive of a su¡tropical or tropícai c.liniate. Tn otJrer wo::ds,

in tTre tropics, the ecolog-y of .4. craccivora häsj rrÐt heen studied in

-its own ríght within the framewo::k of any con\¡ertt:ic-.nal rrrodel of insect

population <lynamics (e.9. l\ndrewartha ancl Bireh 1954; Ctark ct al-"

7.967; Varley alC GradwelL lgSOn 1970), as i.s the case with rnany

aphid species in tenç'rerate climat-es such as, t-he cabbage aphi.d (llafez

1961; Hughes L963i Lanùr and Lowe 1961 , !967), the gree.n peach aL¡:hid

(Bl-ackman L914; Tamalci Lg|4; Barbagal.io et a-]. 1972), the bl-¿ick bean

aphid (vfay 1967; Wa)' and tsanks 1967), t:he r''rainut aphid (Siuss L967) anc'l

the rose aphj.d (¡4ae1zer 1-9"Ì'7).
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Farrell (1.976) concludes 'Ltrat emigraticrl: regula.tes A' ctaccivc¡r¿t

populations at a 1or¡r density on grouncl.n¡-rts ' He concl-udecl also that

closer spacj-ng or hj.gh dens-itíes of grounCntrt plants, adversel]¡ affected

the rate of increase of tlie aphì.d. His study dernonstrated der:isiiy

d.epenclent builcl*irp of syrphid and coccinellid preoators of d. craccivora

on ground¡ruts in a tropical cl-imate, as did Htighes (1963) clemt)nst-'rate

the bgild-up of predators of the cabba.ge aphid in Canberra, Atrstr'¿Iia..

However, I'arrell (Ig7ö coulrl not demonstrate conc.l,usivellz 1t¡ua,

emigr:ation was the nnin cause of low poputation densj-ties (150 ¡rp1ii.c1s,/lr',2¡

oÎ A. craccívota on groundnuts in Malawi. The percenr-Ìage oÏl fourrh

instar: alatiform nyrnphs in his samples varÍed mostly bi:trveen 5 ¿incl 55"

Nor did he present any empirical evid,ence regardi.ng the foi^¡er levels of

uutrit-ion in clense grounclnut plants, which he thouc¡Ïrt, h¿¡cl ¿rl'lersell

affected the rate of increase of the aphj-d in his experiments ' His

studyf nevertheless, has the clistinction of elucidating the ce'uses c'f

changes in the nunbers of A. craccivora on grounclnrrts in a tropicai

climate.

Studies by patel and l¡atel (197I) prov5.de useful informaticn

on the flight perioclicj-ty, build-up of .4. craccivota populatic'ns on

groundnuts and the off-season survíval of this aphid iri Gujrat State

of India. The authors fa.i-ied to interpret their dat-a a¡.d coulC not

clraw any meanl'-ngful conclusion about the poputatign dynarn'ics of the

aphicl . The same critícism holds true for t-.he stuclies by saleh et al "

(1.972\ in Eg'yPt.



I

1.6: Past work on the ecolc> .f,v of Ä" cracc:ivoz'a i-rr Aust.ral-i a

Detail.ed studies on t-he morphol.ogy, biology and host Tange

of A. craccivora were maCe by L-ryce (1951), follorn'j.nq the slarms of

bl-ack aphids observed- in syclney in 1948 and 1950. Johnson (1951)

also sttrdiecl the b-iology and ho¡st relatiorrs of A. craccivot:¿¿ in

New south wales, with emphasis on the origin of aphid svnarnìs antl the:

disbriÌ¡ution of aphid infest¿rtj-ons over Frn area oÎ 26,000 sq'kIri in No::th

ülest New South l¡Iales. His observations (il-oirnsoir )'95'7) ar:e v¡ortli

mentionj-rrg here. A. ctaccivota was breeding on klurr r'ted'ic (iledi'cago

his.oirla -;ar. clenticulata) , a comrlon legume in pa-<ttlres, and ShepÌrer:dts

purse (Capsefla bursapastotist a widespread weed j.n New Sou.th r^7ales'

The aphids \,vere nllmerous on spinclly pla-nts growing under: noisture sLl:ess

anrJ, plants v¡:Lth l.u-xurj-ous grovøl-Ïr had relatively few or no aphios' 'l'Lte

natural enernies of the aphid we::e absent. Johnson (r95r) Leported al*qo

that an experimental plot of broad beans at Sydney University h?d-s

irrfested. by A. craccivota. The aphid pcpulations glev¡ for 3 rueeks

and thereafter natural enemies , i. e. , the Aphid|id parasites , coccirre.il ids ,

sj,rphicls and chamaemyiids ex.Lerminated the aphids withi-n 2 vqeeks in ]at-e

spring.

O'Loughlin (1963) .n¿ ¡1r-r.ghe s et a7. (1964, 1965 ) pr:ovicle-'

data on the ftight periodicity of Ä. cracci-vota in d'iffei:ent states'

Carver a¡cJ Randles (1961 - peysoilal communication) ¿iso r:e-cord'ed

A.craccivoraflightsbylzeltowtraytrapsatl{aitelnsLitutearrd'Adelaj.ole

Hil-ts. Thelz observecl two peak-s r-'f alaiae; a najor peak in Septenùêr'tcr

October and a minor Peak in MaY.
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Gï)¡fls (L972) stti,l:Led the infestat:Lcr¡r of beans aricl perrs by

A. cracc.ívora on the- CentraL 'fabl-el-ands of Nerv South Wal'es' Experimeiltal

plots .were pl.lnte<l in .La.'Le ocLober. late NOvenrber and mid Jeinuary.

the nr¡rrrÏ¡erS of a.ohicls arid natuua-L e¡remies \¡/ere recorded every tr^¡o v¡er:ks;"

The a'erage nurnber of aphids per plant for tire first tvro pla'nti-ngs were

l_o to 2'1O ott peas, 90 to 150 on Phaseol-us beans anc 50 to 250 on

broacl beans. Negiiqible aphj-cl populations developed on peas ancl'

phageol.us beans on the third pJ-ant-ì-ng, but heavy populatic-'ns of ¡tp to

lIr0Oó apliids per Jr1ant were oJrserveci on Lrroad beaus in earl'y April"

Thereafter, rraturel enernies cf the aphid, especially cocci"ne-l-licis

inc::eased j.n nunbe::s and exEerminated the aphicls by the end of May"

The build-up of A. cracciyo-ra pcpulat-ions was observecl on broad beans

despj-te frecluent lovr temperatuïes of < l.BoC during April ancl l4ay.

In the discussion of iij-s reEiul-l:s, Gr:y1-Is (L972) colnmented that, the

presence of sui.ta,ble hc¡st pJ.ant.s \^¡aS aS rnuch a lirniting factcr: as

climate, for the buj-Irl-up of '4' craccivora populations'

Gu'b,ier:ree et a-L - (]rg7l', I91 4a, Ig74b) prepared a determ'inísi-i-c

model of .A. craccivora populatíons in the temperate legtme pastures of:

New South l,lales. Their objectives vrelîe to uDderstancl the ecology

of thj-s irrsect and to use that understancling in investigating the

epidemiologry of subterranean clotrer stìJnt vi.r:us (scsv), rvhich j-s

transn¡-j-tted by A. craccivoÏa. A. ctaccj.rzora is a pest in tenrper:ate

legr.une past1.lreÊ becau.ie it is an effj.cíenÈ "'/ector of SCIì\z' n'lt l¡eca-use

j-t can attain darnaqing population levels (Gutierrez et aL' L977') ' The

cov¡pea aphi.J nroclel (Gutierre z et al-. :!97 ¡-tá) is a-n improvertent over ot'lier

aphid m.odels (Iîrrghes and Gi-l-bert- 1968; G:Llbert ancl Gutierrez l-913j

as it incorporates ef f ect-.s of t.emper.rt'ure, rainf a]-I and' so:Ll inoj-s1-'ur:e

on Lhe growt-h of host plants cf the aphid also on a regiolral basj-:; '
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Various compouetrts of the hiology of t-:he aiphi-C, j-"e- ::ate:s cll

development and age-specífic fecundit-.y cln principal llr-¡si:: I:J.an1:s

on a physioJ_ogical time scal-e, relatiolship l¡etwee¡ popul-;rt-i-on

rtensi-ty and al¿rta procìuction, effects of crow<lirìg ot-ì 1:ot-eiitial r-'.rte

of increase an<l effecbs of ahioLic and biot-i-c iiror:tali"t-i':[a¿:l,orrs ç¡i

aphid populations, ma.l.\e the n¡odeI tnore .¡:eal-isj:-Lc" Tlie ¿tu{:ho:i:s ttsed

bhe model to examj,ne the aphid-host plant relatt-i cr:rs?ril-) (on J:¡ilt::r' iile,:l-j-¡::

anct subl-erraneatì clover) in the tempera+ce envi::onrLrent of Soili:h lias:-i:e,''::"i.

Iiustral-i-a and concluded f-hat ,å. cra-ccirloì'a \{as ncrt a-'1¿}-'te.:<f i:'.o th<=l

tenrper-'ate climate cf the regf.rron, as they believed i-hat th:i,s:l a.F:hi.<l r'¡¿'r,;

prina:rily a vrarm r,+eather speci-es.

Gutierrez et al-. (197f , L9'74a) put forrt'ar:d also f-he !ri'poli-re;-:j ii

that .4. cracci.vora survives in tÌre vast at'id ephemerai habität c)f

South Easterr Australia becau-se oÍ its tnigratory abil--i.ty" Be$(-rü ,.J!-l

tireir records of yeltorv.iuray trap catches (197 in) of thj-s aphir{ ;rric! j.:1.:::

biology, especially its erbj-ì-ity to produce migrant ala-tae at i-r:w

populaticn densiti es j,n a short time (1974a) . f-he aut-.ho::s reg;u:cied

A. craccivora as a srrper-m-i-grant species as well.

The author:s a-Iso used the model- to examine the potenli-;"1l of

various biotíc mortality factors to control /1 " craccit¡otL-J rìwnJ:,r:::rs iì-!t'iz;.';)

and conc-l-uded thai: a suitable Aphidi-i-d parasite fror'; thr-: I'4:i-rl.Í.i-e ilas:T-:

mi.ght be a potential agent for this aphid in S<¡uth Ea-st-ern !lr¡.stt:a1i-¿r.

the work of Gutierrez et aJ. (r9?1 , L974a, J-9741:) is the f,'ii.:it:

systernacic attempL to unde-rs1:and' the eco'l-oc1z of A ' c:'¿tcci't''c't'a -i-n a

temperate environment" Despite tLre apparent realjsm cf t-ira rc.o<lt'.ri-,
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a tirorough s Ludy of tireir work indica-'t-es that the conclrrsíons .frawn

from iÈ may Ìre regarded as either misleading or atl over.'-simplification.

Thj-s criticísm is based on threej reasorìs 3 l) i--he moCel j-s based on

the field clata of one year onty; 2.) some of the iurportant ,ta-r'ameters

regarcij-rrg the biology and behaviour of the aphid are ej-thei: lacking

or poorly worked out and Lhat too in laboratory w-i-thout sup¡rorbing

evidence fron the field; and 3) the atrthors did not- cornpare their

results with those of other \^¡orkers, Ïroth in Australia and al¡::oarl"

r.7 Preliminarv ohservati-ons on tlie f:ield biol.oclv of /1 " cr:acc:i.vora

in Adelaicle in summer )974-75

Init-ial observations in Brownhi.l-L Creek Natioual Park in

late Octobet: L974 revealed n¿r.tur:al infestations of .4. cracci'¡cta an

vetch plants (Vicia sativa L.) which wer:e growing i¡ smail patches

)(I-3 m') mixed with sweet peas (tisum sp") along 1!, Km" roaclside.

Of the 4 patches 3 had aphids, Each infested patch had one ol: two

heavity infested plants surrounded by rnany lightly j-11f s.st:ed orres.

The aphids were aggregated on growing tips. Syrphid and coccinellid

larvae were al-so present. Black ants were also attertclirtg the infestecl

plants, The pea plants were free of aphids.

These observations prompted tv¡o questi-ons, i"e- f ) how do

the infestations of th.is aphid grow and spread, and 2) how cio they

decline? The answers to these quest-j-orìs wet:e sought by a pilot s+'üd-y"

The following f:Letd study was, therefort:, undertake¡r in Alverstoke

Orchard of lrla.ite fnstitute in November: - Decenber -t974.
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Ilroa-<l beans (Vi.cia faba cultj-var Seville Long Jlod) .encl gr:een

peas (P-r|suln sa.tivum cultj-var Green Feast) ì,lere sowrì ¿¿t inter:t'ais of

2 v¡eeks in two smal-l acljacent ploL.s (5 x 4.5 m) " .P' s¡>aci:l.g t"if 6C cm

betrreen and I0 cnr v¡ithin a rovr was follorved" 'I'hese plots ere

::eferred to as Plot I ¿¡nd Il in the text" Due to lioor 9e.L'rù'irration

pJ-ots I and -tT had 33 and 35 broad bean p-lants. The ¡:lant$ were rvatered

by furrow irrigation rvirenever necessary" No fertiliz:et': ap¡iJ,ic.¡Lions

were made and weeds \^rere removed. as ¡recessary.

North of the plots, a KaJ-e crop i^tas heaviJ-y infest-ed t';j.th t-.he

cabbage aphid and the green pearch aphid" Lf ifty pol-tec1 cit-r'us pia.n'!:s

were also pr--esent near the plo'bs.

A1I the plants in both the plots were observed for Ã. ctaccilQra

at j-rregular j-nterva-t.s (J--5 clays) for 6 weeks. The init-iation of

A. cracci¡zora infestations, their progress and t-he incj.clen+e and irçar:t

of natural enernies on infested plants wel:e recorded" The r,'-Lsual

observations may have underestimated the actual aphid- rturrl¡ers on pJ-ant-st

nevertheless, thelz ¡sp¡esented a nearly accurate picture of chançJes

associated with the development of infestations.

Newly germinate<1 seedlings v¡ere exposed io colonizat.i<¡r' in ploLs

I and II from i3th Novemlcer and 5th December. SJhe pea pl.;rilts vrere

not irrfested to any great extent. Coloniz-ì-ng /l . cracc-ivara alatae

setl:l-ed invar-iabty on the growing tips or crownÊ of b::oacl bean seedJ-irlgs.

All aphicìs on an infesteci crown \¡/ere regarded as a. coìony" IrtCividuel

colonies had ej-ther alatae with nyrphs or o!Ìe or lnore nymphs only "

The colonj-es with i.solated nymphs were incl-i catj-ve of the loss or
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movernent of colonj.zLng al¿rtae" Not aI.1. "ilatae wereì seen reprocluci-irq

on the saine plants for the rerst of thej-r reproductive ]i'ues (Tal¡l e

I.f). Ini.tiation of a colony did noi- nece-';sav-'-i1y ensur.e its

establ-j-shment (Tal¡l.e -1 .2) bec-'ause of prec'lation of .i-sol-ated nlan¡:hs and

als<¡ thej-r probab.le ¡rrovement off t-he colcnizr:d cr:owns. The col-on.i-zation

bl' incoming alatae vras regarcled as pr:i-mary infestati-on.,

Following primary i.nfestatior¡, the first ma'turing nymphs

J:ecame apterae. These apt<:rae settleC elrrcl reprocluced on upper.'

ir:ternoiles , Ieaves and crorrns of broad bean stems " As the riu.mbe:r" c¡f-=

apterae increased subsequ.entJ-y, many settled on middle a¡ici .lcrver

irrterriodes and leaves. A few apterae initiated nel'¡ colonies by

settlirrg on young cror^rns of basal axillary stems. As apterae reclciled

a certain number in a colony (70-90) , a few rvalked off the ¡ri anis and

initiat-.ed new colonies in the vicj-nity of parent col,onies. An inci:ease

in the to'tal col-onized stems in Plot I from l9th to 23rd Decemf..,ei:

(Tab1e 1.1) inclicated dispersal and recolonizati.on by apterae. TÌris

col-o¡-rization by apterae vlas regarded as secondary irtfestal--ir¡n.

No ^4. craccivora alatae vJere recorded in Plot I from l¿lth to

23rd December (raUte t.I). Alata production in PIot f was observr:cl

on 29th December and I8 teneral alatae were reÇorded in a colony.

Simultaneously, A. craccivota alatae vrere recorded on 5 other plants

algo -j-n Plot- I" It is probable that the alatae on l:hese 5 plants

Ìrad r,rovetf f:rom the only col.ony wh-ich vras p::odr-rcing a.La-trfe in Plot I-

This ïecolonization by a1a't-ae v¿hi.ch wer:e produced v¡itilin the plotr was

also regarded as secondary itrfesta-bion.



TabJ-e 7 - 7. Observations on the ¿rrrival of A. craccivora al-at¡te
on broad bean plants in the ploLs ^ 1914.

Plot T Plot fI

No. of plants No" of alatae
with alatae per plant

Nov 19 1974

30

Dec 3

9

IO

11

L2

L4

L7

18

19

2L

23

29

Jan 6 L975

tg/,t,1,3,2,2

I
0

0

0

2

1

t

2

0

2

0

I

2

2

3

2

2

2

0

0

0

0

0

0

6

I'l
lrr
IrIr3

1' 1*

1, 1*'

I, 1*

0

0

0

0

0

c

z

0

o

0

2rL

I
1, 1.*

1, l*
0

1r1

o

I

- No observations made.

* Alatae recorded on t-he same plants"

I Plant with teneral alatae.



'lla.bl.e f .,2 " Pattern of infestat-,ion of broacl bean plants by
Aphis cï'accivora in thc pl-cts - 1974"

Pl.ot I** Pl-ot fl.**
Date

No. of i.¡lfested
plants

Tot.al-
colonized-

stems

No. of Ínfested
plants

To k.al.

colc::i.zeil
steins

Ila.¡ 23 L914

Irec -?

1

9

10

I1
L2

T4

L7

I8
19

2T

23

29

30

Jan 6 L975

Õ

B

o

8

5

f)

6

'7

(,

7

I
5

5

5

5

4

2

2

2

B

I
I

r2/
L4/

l.

7

7

6

1

4*

4*

4*

12/*

13/*

Lsy'*
J

261

30/

7

l
6

6

3

4

5

7

6

5

_t
gl t6/

- Nc> oì>servations rnade.

* llo alat.ae recordeci.
** Total plants in Pl-ots I and- Tf = 3-l ancl 35.

I íìecondary'infestations l:'y aptr:r:ae alrd aLa'L-ae, whj ch were
procluced in Picts I ancl Ll-.
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A. ctaec:iyora- infestations were at't-acleeci b1' tire 'FolJ-owing

speci,es of natural. enemi.es v¡irich are polylchagous in South Aus'tr:alia"

1)

2)

3)

4)

si

6¡)

Aphidius cofemdní viereck (Aphidiidae : Hlzmeiropter:a)

l,eucopis sp. (uhamaernyii<1ae : Di-pter:a)

Simosgrphus Erandiccrmjs (Syrph"iCae : Diptera)

Stethntu,.; (scgrnnus) lTotescens (Coccinel'l-i<1ae : Coleoptera)

Coccineffa. repanda (Coccínellidae : Coleop'Le::a)

Chrgsopa sp. (Chr:)'sopiCae : Neuroptera)

The A¡rhidiicl parasi.t.es v¡ere not actj.'¿e ancl only 3 aphids wr::r.e

parasitized. No hyi:er-para,sites \dere recorcleC fr:om aphi<1 tnrir'rni'es"

Chamaemyiid ancl syr¡rhid larvae v¡ere observed j-n colonies t-v;o çteeks ¡fter

primary infesta'h-ion whereas,9tei:horus gr:ubs appeared- later'' coct:ine-'i'la

tepancTe and Chrysopa sp. wQre record.ed occasj-orlally. 6Ù-B0s¡ of

colonies had chamaemyj-id eç¡gs (Figure r.I). Pr:eda'tion by larvae of

both syrphj,ds and chamaemyiids not only exterminatecl sme.l 1 colollj-es

(up t-o 50-60 aphids/colony) but also delayed the cleveloprneut of the

established colc¡rr.i es "

Decline cr collapse of a cc)l-ony was cLepenrlent- on the age of the

seeclling at co].onízatiori. colonization of 2-3 week old seedu-ngs

uncheckec by pr:edators resulted in l,ooo-1r20o aphids/pl"r-nL ìri

4-5 v¡eeks. cc¡nseqrrently, the plants 'wiIted. Merny aphids v¡':lktjtl off

a wiltinq plant prior to its death anrJ probably sett-ted ou aLc-] acerrt

plan'ts. Ol<ìer seerllings sustainecl l,ooo-3,ooo aphi<ls '¿j-thou1- wi lt'i¡lÜ'

Emigration by atatae and apterae and pre<latiou c¿rrisecl, decij'ne of

coloníes with t'OCC-3,O00 aPhids'



l¡:i qur-r: I "i. l.nr-; j clerr,--:e o:[ li¡rl'ri cì-r; (i)phj s c'racc:i'vo:t.z) sy:rpì:r-i-d-s

(er1gs/1a¡'va..r) a¡rJ. <:hanaemyiids (eggs/larvat:) i'l.r

Plo i- .r- in Tilver- s t<>k:¡ Or. cha::d -' I)ecen'ber l9'l 4.
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The following conclus j ons were ma<le from t--Lre ¡¡bove

observat-.i-ons .

I) Thr:ee i:1pes of behaviour, i.e. 'bhe behar¡j-our o:E colonizing

A. craccivo¡:a alal--ae and. recolonizati-on by both the apterae and alatae,

determined the lrumber of inf ested broad bean sterns;.

2) The predators (syrph-ids and chamaenyiids) successfuìIy

exterrn-inated newly estab-tished smal-l colonies (up to 50 aphids) "

3) Population levels of 1,000-3,0C0 aphids developecl on a

broad bean plant in summer"

4) Emigration hry alatae and. apterae was the ra'ost intpo::tant

cause of <lecline of A" craccivora population ot: a brcacl bean pla-n1--..

5) The build-up of predators followecl t-he aphi"d population

build*up and the impact of predat"ion in reducj.ng apliid nu¡bers on a

broad. bean plant was complementary to emirTration.

1. B: The esent s

After going through the a-bove review of the past work on

the ecology of A. craccivora (Sections 1.5 and 1"6) one lnight wonder

what i.nitiated another study on this sr:bject. There are t:wo aspect-s

to an answer of this question; the fi.r:st would be a practical uti-lity

of such a prcject in South Australia; ar¡cl the secon,i, an acaderiic

exercise for testíng a ne\^/ idea to unders'Land air<1 explair: the abu¡rc1¿r:lcc-:

of this aphid in general..
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Nothinq v¡as krro'vrn ¿rbout t-.he slatus c,f -A . craccitror¿¿ -i-rr th-i.s

state except- the fliqht periodicit¡,' ¡s.r.tat (Carve:: and Ranrlles -196I -

personal communj-cation) and a few ::er:ords of infestations on differerlt

host plants (Carver Lgl 4 - personal cormrrnication). The p::actical

questions which gave ïise tc the preselll- study \^¡eire: why is this

aphid not a pest in soqth Austra-l.io,; -if it is rro'; a pest-, lr.orv d,:es

it survive; and. could this insect hecr¡me a- thre.rt: to the crult-jrr¿lt-i<>n

of broad beans in this stater etc. ' etc?

A critical rev-iev¡ of the lite::a-ture revealed a fel ê.1)41o9:Lcìs ¿tnd

cont-rovet:sies about the ecology of this i.r.rr.;ect. Ttrì-s aphid attains low

rlensities (I5O- 5OOl'm2 or peï: pl-ant) on closely spacerJ. grounclr[ics :'r-rr

Africa (Ëarrell 1976) and India (Patel and Patel 1971-), ers is erlsc:

tl.re case in dense legume pastures (I,OOO/'45 siems) -in Soilth Bashern

Aus.tralia (Guti errez et ai-. L97L). This aphid attains hj-r¡h num'ne:rs;

on broad beans in Egypt (Saleh et aL. I9l2) and Ausa":raii-a (Gry-l-l-s

Lg72) ancl on other broad leaved grain legr-uÌ3= in rncia (InIagìima're arid

pokharkar Lg74). If this species is adapted to only v/arrr(Jr cl:i-irLates

(Gutierrez et aL. I974a), one rnight expect its hiqh populat--ions perl

unit area on groundnuts in Africa and In<1j.a. Conrzersel¡2, its¡ irj-gh

populat-i-ons cannot be e:;pected in a temperate envirorrment as Gryl J-s

(Ig72) and the prelirninary obserrzations (Secl-j-o¡ l-'7) þave demolstr:a'cerl'

What becomes obvious from the prececlj-ng i-ines is t-hat the type of ho'sL

plant is also in¡3o1't-ant in d.etermj-ni¡rg the regiona.L äbun<jance of this

aphj-d. The sj.ze ancl sLructure of a hc:st pJ-ant ultirnal.el-'r' del--ertnine

t.he upper size cf a colorri' of apl-rids (see Sect:-on 2). .I.lrer,e are mally

examples in the l-iterattrre 1:o support this eirgtunent, f or example; tbe

cabbage aphicl nruah,err: can ï'cìa(:h tìp to IO,OOO o¡r a l(a-l.e pl,rnt" (i{[ghes
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196:j) i APhiE; fabae c¿rti devel-op its l)uflb€-rrs u¡-t to l5'C00 on a

br:oad beau stem (I{ay 1967); and cl- rosê bucl can sup¡rorh < 500

l,Iactosiphum -¿'osae (tr{aeL-zer I911) -

The cçncept of a cciony of aphicìs on a plant as an inclependeilt

and biologj-catly fr¡nctional rrnit, coine<1 by Vlay (196[J, '-l-9'73) i.s,

t1ìc=rer'ore, ftrndamentaf to thei present stucly. Ar-rco::ding t'o lVay (1973) '

Lhe rate of c:rnigratiorl of a colony \'ro]-llcl be deperi'åent upol] its size

and age-structure. ÀS t-he st¡ucture, surface area ancl s;ize of a hos;'t-

pJ-.ant- j-nflue¡ce t-he int-.eraction a-roorìgi the aphids -i¡r a colon'/ (Jotinson

1965; Shaw lgTO ) r'Lhe time arrd Iates cf ernigr:atj.ot': can be expected t-o

vâïy accor:ding to the host plant cha-ract'e:ristics; i'e' r pl-'lnts wit"h a

smaller: Surface area woulcl stimulate migl:ant produr:'Lion ¿:nd d'ispersal

at an earlier time after colony inception ancl at- sualler ¡:opulatiou

densities (oer plant), Lhan pla-nts with a lar:ger su::fa-cr: area' on t'iie

other hald, the total ¡r-uriber of emigrants dispessgd frr:ln !:f;rirts v¡ith

a small er car:rying capacl.ty would be fev¡er than f:ron the plants v"l:ic:h

can sustain a hígher popuiatj-on of apÌ'rids. And, since the r:eccrlonization

of suitable crops in an area by emigrants of an aphj.d spe<:ies j-s arr

important factor for the build-up of its populations (IJr-rgiies 1963),

the level of productiorr of emig:rants from a crop ni.ght be a cmc-ial

factor in tl-re regiorral- .abundanc;e of an aphicl'

Accord!.ngtoGut.ierrezet'aJ-.(1974a),A.craccivaraLsa

super-migranL species" The relat--ionshj.p bet:ween popuJ-ation density

per stem ancl the a-lata producticrr on subterr¿lnean cJ-over, as given by- thr:

authors (Fj.qure 3) , does not srrpp<;rt their thesis' If this aphid
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is a supe::-migrant, it oughb t'¡ be able t-o.proCuce a high<:r' not e

smaller pr:r:porl-ion of ernigrant afa-tae at a higher: popula.tion Ievel-

I.b is prob,able that t'-he au'¿hors <lid not work orrt this j-m¡-:o:r:tant

rel-ationship properl.y.. ancL if this is so, t-he ouLputs of their rnodei

an<l the concl.usíoDs arriver.l at frotn it, are griestionab-l-e.

The ideas cutl-ined in the preceding par:agraplrs ga''¡e rise to

a ne\,f hypothesì-s to be l-ested in the present study. This w.rs t-hat,

ttre ajrnnda¡rce of A. craccivora ín a crop can be explainec-1 by Lhe

reqr-rlatíng inf luence of emigratiou at an upper size of its colonies '

¿rs cletermí¡ed by the structure and surface area of the hast plants"

Th-is hypothesis is testabl-e an<l brcad enough bo explai¡r the abul-Id¿ucc

of t-his cosmopolitan aphi<l in general , pr:ovid.ecl that t--he weather

and natur:al. enernies do not a-ct as limiting factors to the aphicl

popr-r-lation increase.

The p::esent study is an a'Ëtempt to test the pri ncipal componen-LÊ

of t-.his hypothesis" A systematic study to quantify ti:e eilìigraticil

potentj-al of this aphid irr relation to size of il;s col-onies on dj-fferent

host plant species, was the principal compo¡rent of this p::oject" This

ínformation is lackir,g in the l-iterature and it can be usef"rl in

understanoi.nE the abundairce and population dynarnics of tìrj-s aptrÍ<1 '

becarrse the previous sturLies by Farrell. (1976) an<l Gut-ierTe¿ ex el-'

(1971-, :.:9'l  aJ and the pilot study (Section 1.7) have r:evealed emigrat'i'ç;'i

aS thci most .important cause of decline in .A . cta.ccivora colonies '

Cotnplementary studies on the fliqht ancl colonj.z¿ition behaviour of núr¡rant

alatae couLd compJ-ete the pi.cture of enrigrui:icÐ carìC recol'-rnizaiiovr, t-he

twc¡ inte-r-c1epe¡¡ds¡t aspects of the biotogy of A" ctaccivota.,
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Thisthesisconsistsofthreemairrsections.Section2

describes field experiments on the growth of colonies of å' craccivora

and rates of migrant production in relation to different host plant

species and irritial colonization densíties. section 3 consists of

experiments and observations on the flight behaviour of alatae'

secÈion 4 describes er¿:eriments and observations on the colonization

of broad beans by A. ctaccivoza in the South Australiarl environmertt"

À discussion of the resu]-ts ín relation to the ecology of this ;rphid

is presented in Section 5-
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S!;CTTON 2

COLOT{Y GROI'íTH AND rYIGRÃNT PRODUCTÏON

2.1 Introducti"cn

Aphid species feeding on herbaceous plants are regardec-t as highly

effi.cient in converLing plant energy into -i-rrsect biomass Lhrough thei.r

hig¡ly evolved parasitic mode of tiving (Kennedy and l¡osbrooke¡ l-973) .

This is so beca.!ìse t-hey are free from the constraints of r.cal:ing ancl

fertiLj-zation due to parthenogenesis and vi.¡ipari-ty, and al,so l¡ecause

of tl-reir: high fecurid.ity, short developmeritaL period, snall size, lar:vipos-ition

on food s,ubstrate, and their aþitity to produce <linorpllic o:r: ¡-roiymc,rphic adul'!:s'

capable of exploiting local as well as di.start h¿¡-bitaf-s. As a consecluence of

this parasitic mode of feeding anrl reproclucti.otr, aphiCs fornt iLggregat-es on

their host plants and because of their aggr:egat-ive feedirrÇ, ll:.e1e cð-use eccnr¡m-i.c

damage to cultivated crop Plants.

The advantages of the highly evolvecl adaptations of feecìing an<1

reproduction j-n the herbaceous aphids are, however, lír¡ited i-ry the

d.iscontinuity of their habitats in time and space. The t--emporary nature of

habj-ta.t suitakriliiy dema¡c1s constraints on the r:ealizatiorr of reprociucti-vr:

potential to a fuller extent on one harncl , and al.so the ¡rece:ssi-ty of evolving

mechanísms for short and l-ong range mob-ility on the other:; t-.irus effici-ent

use of the avaj.lable and patchily d.istriL.utecl habj-tats can be ¡nad'e antj. the

continuj-ty of regional survival of a species can be ensu:;ed (Way 19?3) .

Aphìcls achieve these goals through their aggregaiive behavioltr.
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In fj-el<l , aphiiis }ive j-rr aggregates of varyrtrg sizes aiici cLif:Ferj-ng

age-structr-r::es. Varj.¿rt--ions in r-ire ra'tes of depos:-tj,on of coJ-onizi.ng al-atae

or apterae, in the time of colc>ní:zaLion, in Lhe extent of movenient- of

colonizer:s and- theír progeny duriug the j-nitial phases of colonj-satj-on ancL

inte¡sity of natural erreiny activ.i-ty'¡ ntay al J- contribui-e to the s j ze of an

aggregate on a planL. l,iL'ble attention has s<¡ f¡rr been pa.irl to the study

of biological prope::t-ie..; cf aphiCs j..n relatj-<>n to size of thej"r agg::egates'

and the congept of etggregate or colony of aph.ids on a plant as arr

indepe¡dent anrf bioiog;Lcally functj-onal uni-t, as dist:inc't f::oro arrcLher such

aggregate crr a cofony on a clj.fferenl: plant¡ is a fail:J-y recent one (Wa-y

1968, I973). The intraspecifjc; inechanisms oper:ati.ve in an agc¡regale

may control the extent of food utilízation (VJay 1968; VIay and Canrmell

LglO), sLze ancl fecundj-1,y c.f adults (Dixon and 'rlratten 1971; Taylcr

1975) and rnorph dete::mir.ration (Johnson 1965; Shaw 1970) , and Lherefore,

signify the selective anC sur:vival value of colony as a biofogical-l-y

functional unit. In thÍs context, it is reasonabl.e to ex'pect varying

rates of etnigration fror-n colorries of dif f.ering aqes aud s.izes.

In AustraLia Aphis craccívot:a is an airholocyclic and di.rno::phì-c

aphid (Gutier:.rez et aJ-. I91 7, L9'74a). Its winged ancl wingless nrorphs

differ not only morphologically, but also in thei.r: clevelopmental L'iology

(Johnson arrcl llirlis 1960; Gutj"erx'ez et aI . Jg'lL, I974a), behar.'iou'r,

maturation of enrbryos, :reproductíve age ancl fecunrlity (El-liot and ¡utcoonal-d

1;976). The differences in the developrrental- arnd repr:odirc;tir¡e bi.c>logy cf

the two morplìs prokrabll' suEgest thej-r <listinct functj.ons in this aphicl-

It is, therefore¡ reasonable tc e.v¡¡ect that the'primitive'winged adu-Its

(alatae) are prorlr-r-cecl 1:or inigrat-ì-on and colonisatic,n elsewhere and the

tadvanced, wingJ-ess adrr.l.ts (altterae) for ntainterrance of the local popu.Lations
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degree of facu-1r-'.ative migratory behaviour: among the wi:rgec1 aduÌl-s of: thi.s

a.pltid may be degenerative, as j"b. would, greatly reduce the er¡o.lut-ionat:y

anC functional value of dimorphism" My experr-iments on mig:;at-.iry u::'.¿e oL-"

alatae of this species have shov¡rr tiiat th-is ís rir¡t the cl¿ìFt(ì' es tÌìe

results strongly suppolt Lhe idea that the alatae are j-ndeed ohligat-.or:y

rrri"grants (see Section 3.5"2) .

Once Lhe functional valrre of rlimorphisln is cong:i.,leretf , .ii:, r'"orr-tcL

be reasol-¡able 'bo expect l-hat arrholocyclic anci cr.into::phic ;Lph-i-cl spe:cics, sttcì:

as 1I . ctaccivora wcluld responC tcl changing envil:onmental Íactors in 'i:lle

field by producing varying proÞortions of wi.ngecl ancl rr':Lngless progeuies.

A quantitative measure of these proportions should, therefore, provi.cle L}¡c

poten'bial rate of emigr:ation of a colony in relation to its age a.nd s¡--ì-ze.

The poterrtial rate of em-igra'bion of a coJ.ony wor:Id, therefo::e,

relrresent- ttre speciesr physiologicaf response to the environrnent. Iícwever,

the actua.l or realised capacity for emigr:aiion in a colotìy ancl LJ:e range of

dispe::sal of alatae are largely determíned by the prevai.Ling environrili¡nLal

factors, especially temperature, light intensity and wind velocitlz (.lohnsc.¡n

eä a7. , L951 ¡ Taylor 1958 , 1963; Lewis and Taylor 1965. l'ìre wÍnçiecl

adult-s, therefore, may aplrear to J¡ehave as íf they were facrrJ-i:"ativÉ1 ìlj-gÌî¡lïIts

in the field. The *nvjfpÀ-t*ent thus i,nfluences the extent of etnigratiorr

potential as wel..l. ¿'r-s its ::ealisat-i-on in an aphid colony.

Detailecl laboratory st-u<1ies concertring the mechan-ism (Joh¡rs<¡n an,f,

Bjrr:lcs 1960) and the eff..ects cf various enr¡i.roffnental facto::s on niorph

determination ín A. cracc:Lvor,? hav€ì been made (Johrrson i965, L966a, 1966b).

Laboratory studir.:s on nror:ph dete::minat-icn in aphids Co provicle a Ì:asic

understanclinq of t-he uude¡:lying ¡rhysicl,ogica.l mech,anisms, i:ut are of
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l.imited- val¡e in the field Jrecause aphj-<ls live in aggregates cf cti:ifei:-irlç1

size,s oi: pþysicì-ogically cti f fering plant ;rarts , at:d j,n'ceract v¡ith a

multitude of changing climat-j-c factors. Neve::'t-heJ-ess, from a.n eco.l.cgical

point of viel.,', :tt v,¡oul.d J:e '¡aluabJe l-o assess to what extent the findings

of these laborato:ry sbuc-lies are t:::acea.bl-e in apìrici- pollulations j-n tire fj-el,C..

Despite many uese¿r::ches on t-he ecoloqy of anholocyclic A. craccivot'a in

differe¡-rt parts of Lhe world, (see Sections 1"5 ancl 1.6) this aphi-d remeit-rs

an effj-cien't vector of many v:'-ral pathogens in cultivated crops ancl

pastr.rres (see Sectj-on l-"3). Th:Ls fact just-ífies a sil¡stetnat-i-c study aimeC'

at u¡rder:s'b-anding -i.ts emii¡.r:at-j.on potentiai ancl clispe:rsive beb¡iviour"

Further, none of the stud-ies menbioned above prov-ides any enrpir-Lc¿'r,l- data

olt the production of the two morphs cf this insect in relation to the

sj-ze ancL agc+ing of j-ts cofc.:nies ir: the field with r:eference to different

host plant species and seasons. I, therefore, d.ecided to fiII this i.rnporcanr¿

gap irr our knolvledge of this annoJ.ocyclic aphicl in the South Australj.an

envir:onment,. I clesign<>d- an er,periment to quantify thre potent-ia.I ancl

real-isecl capacities f,or ern.'i.gration in tliis aphid, j-n rel-atiou to the gr:owt'h

and size of its colonies on broad bean ¡rlarrts in field cages. Also,

I studied the influence of initj.al colonization clensity (alatae per plant)

orr the size of its colonj-es and Èheir real-ised capacities for emigi:ati-on

in field cagesf on coffiïnoïi burr rnedj-c, subterranean clover cr.nd -Lu(:erner which

are the cofiìmon p.l-ani $pecíçls in the South Australian -Legume pastu.res "

2.22 Exper:iment I : Growth an<l alata production -in colonies r¡f

A. craccivota, inj-tiated bv one aiata on l¡roacl beans

2.2.I: Introcluction

The object-ives c¡f thj-s experiment v¡ere:

in fiel<l cages
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l. to uncl-erstand the pcrpulatioir growth in cc-rlonies of L. cracr:-ivoïa

ancl especially, to identify factors that limi{; ultimatel.y t!.:e pcprtlation

growth and deto:rmine the upper size of its colonies in -Lhe at-'Ëêïir:e of-

uatura-L enemies; ancl

2. to quantify ther enrigration potentÍaf an<ì real.j-secl ctliraciLies

enúgration j.n reiation t-o the growth of its colcnj-es on hroa¿1 hearrs "

for:

The broacj bean - À. craccivor:a systetn was selec'tod fol' this

experiflrent because of the reasons menticrrecl in Secf,ion I.8. The t:xpt:r.i-i'rrentatl"

col.onies were star.ted on 2 week o1d potted brr-racl be:airs wj.th one (Irre-¡:s'F'r:oC.ut:i-:it¿e)

A. craccìrzora alaLa on each plant. l'hj-s was in the light, of the obt:er-'vat.ir:ns

on'tlre colonization L¡ehaviour of this aphid (see Sectiotr4-2.?-C), a-s

colonisation de¡sities of I alata per broad t¡ean stem vrere fr€iLluerlt in tÌre

field. The experímental colonies were kept in fietcl cages j-n .l-at-e èçri-L

1977 and the observations continued un'til m-id-July.

The selection of late autumn-winter for this experj-nient rvas in

accordance ¡¡¡ith the autumn infestation fliqhts of A " ctacci-van:a and t-.he

coLonisation of newly germinated pasture legumes in South Easi-ern Aust-ral-ia

(cutierrez et al.. I97L, l-974a) -

2.2.1l-: Methods

Cul-Eur:es of Ä. cracci.vora v¡ere maintainecl on 2-: rn¡eelc o.'l-ci poLterl

broad bean seedrings i-n ¿rn insectary roon wibh natr:ral- rla-]'-1igh't' where

.Lemperature fluct-uatcd betrveen 18 ancl 25o(i. t¡light maLure alatae were

collected in a gl,ass tube (5 cm x 2.5 cm) after their firsr; flight f::crm

the seed.lings to tJre glass rvall of the insectar)/ roorn. Thelr wqr.

anaest-hes:zed wi'Lh CO
2

for releasing theiï' set-tling t'esponse (J'ohtrsc¡n 1958) 
'



before thc:y were usecl to initiate experj-merrtal colo¡r,ies"

Broad beaus (c'"tltir¡ar

of California po'cting mixture

plastl.c pots" The pots were

the plants !üere t8-20 cm tall

18 days old at colonization.

The caqes were set uP

of Ì,faite fnstitute. A Lotal

al.ata, on each pl.ant in one of

colonizerf plants were kept in

four pl.alts each aird the rest

rqaterecl r.;'henever necessary.

Crete 136) were sown singly in thc IJn.i versit-12

(50% sand * 50e¡ peat) ir: 15 cm <J.iamet".e:r:

kept- in a weJ l'-verrt-i.lated glasshc¡use utrtil

with 6-8 operrecl leaves. The plants were:

I to 1"5 m apart in t-he Afverstol..e Orchard

of 62 plants was colcnized ley placirig one

the top half opened (whorled) leaflets " The

the cages. Of the 20 cages, 14 cont-ained

(6) one plant each. The caged plan'ts lvere

I,{ooden field cages were userf to protect t'.he cofot'ies fr:'om

irnmigrat-inE aphicls and natural enemies a¡id tc¡ confine eníc;rating arpÌiids äìlsr:,

so that they could be counted ani.::emoved. f:cecluently" Tbe cages measureC

45 x 45 x 65 crn hígh. The sides and roofs wer:e of fine tery-'l-ene net" The

cages s+-ood on flat sheets of galvanize<l iron (50 x 50 crn) and wer:e Ìrelc1

dorvi-r by 30 cm el-astic luggage straps between two pegs in the ground. A

ptastic foarn strip on the base of the cages ensured a close fit onto the

me'Lal ]:ases.

A thermohygrograph rvas kept 30 cm abol'e ground in the sha<le to record-

the air temperature and relative humidity near the cages. The termperatures

irrsicle the cages were not recorclecl"

The cages with single ptanbs w<;re lef,t urr,lj-sLurt¡ed r:¡:til the start

of dispersal by apterae or alatae. Eìmigrating apterae and al,atae v¡hích



:¿.(, "

r'¿¡¡-llied av¡ay or :ill eru f:r'o¡t bhe plants ín these 6 caçJes uTer'o c.runted and

removed rvith a battery operated pooter at frequent i¡:t¡-::r'r'a1s, until i:he

col-onies peri.shed or t'"hey were 72 days o1d. These fi5:;u::e:s pro.øideci

a measure of actual- car,Ë)acity fcr emigrat-.ion rvhich a crolon.lz foirttrleci by

one alata on a bean plant coul<1 realise du::ing its life"

Grc¡ivth of the col¡r¡ie¡; and their pcterrLial rates of erniqratiorr

were sturli-ed by frequent:. sanpiing c.rf the co;l.onies witliout replacenent-,

Samples <¡f tile colonized plarrts were drawrr from the <;ages -t--ha-t'. conta,j.ned

4 p.l.ant--s. Initial-ii'iì: vras plannecl tq take samples of 4 col.onj.es each.

selectc+c1 at ra¡rilont fr:orn clifferenl- cages. HorveveLo as the expe::-i.iccnl-

progressed, 16 colorries in four cages were para,-s.i-tized by the ltpi:iriiid

parasite , Aphi.dius co-Iennni r,./iereck, rvit-hin a week of their ini't-:í-at-j.on.,

arrd were rendered. urrfiL for sampling. Sarn¡'rl 6s af 2-3 colonies \rere,

therefore, taken at interva.l-s of 3 days until the col-onj-es \,verc 33 ciays

ol.<1 , and thereafter aL: 39 o 45, 52 and 60 days. Apter¿re and al:lt¿ie wlli*h

walked away rrî flew frotn t-.he plants ínside t-he-ee cages v¡r:lr:e rêûìovecl

periodically, so that they could not contribute to popul¿rtíon of tÌre

colclníes "

I'or each si:;npied c;o-l-ony, l-he patt-ern and extent of aphi<1

infestation ín r:elation to size and gror.rth of the host" plant'wer:e recorded.

The plants werÊ Lhen washed in luke-want water contain.i.ng a l:i.t:tle del:.e::ç-ent

and the apLridsi -r¡rere removed with a Jrrush" Tlie aphids were stored ii¡ floe¿.

alcohol and courit-erl later, ho determine tohal- populati-on and age-s1:rr:c--'Lu.:re

of the saropled colon:i-es " The .iphid i.nstar:s rvere d-ist-.ingu"i-sht:d on thc

basis of the rtunluer of ante.nnal segm.ents and their r:c:lai:.ive ir.:rr<-;Llrs,

cornicle lengÈh and tlic shape aird lengt-h of cauda (ss:e F+rpendix I). The

n',:rnber of apìrids il:l each .inst-a:: jnclucl-irrq ,al-atiforrn an,1 arpter'iforln mo::¡>hs;

in the thi-r:d ¿rncl- foirrt--h inst-ar:,s v.'e.r:e recorded.
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For sampi-es v¡ith ap¡:rox5,mately 2r000 or more at¡hi,1s' 1-Ìre

'Eotal population and i.'Ls age-'strtrcttr.re was deterrnj-ned by a sub-'sample

of 50% aphids. The aphíds v¡i-th alcohol rtere trans;ferred to a 9 cm

diame.ter Petri clish narlced intr-¡ B radials ald sti.rred wit-h a brush

to spreacl thc'm- evenl)¡. After +-he aphícls settled irl the Þe1-.rj. dish,

excess alcohoi vrð.s T€)moved with a pipette and the aphi.ds in fr-rur

alternate r:aclial-s trarrsferrecl to ¿rnother Pet::i dish for countj-ng.

The alatae and a¡:t-erae.i.n al-l the sirmples were <:ounted without

sub-sa:npliug" The percentage of al.atiform nymphs in t-hel thj"rd instar

in a satnpl-ec1 coÌon1z 1.ri:o*ri.ded a measiure of i'bs potent-i-al rate of

eurig:latic>n.

2 "2.2:'I'einpç1'atr-rre,' rel.rL:Lve humiditv and photope¡:i-od

Fi gu.re 2.I0 shows temperatu,re and relative hum.iciity at 30 cln

above g;:or,rnd near the experinìental. cages. The mean clai-l.)/ tempel:êtu:r.'es

'mj'nimum 
-r'rna'ximum - 8.3 to r9.8oc in May and fiom B to 13oo(:--*_ ) rdngecl tl.om

in Ju¡e and July L977 " The mean dait.y relatj.ve humidj-ty <lur:ing tÌ:e

sanne perioa variecl beLween 60 and 80fà. Day-lengths during bhe

experimeni: rlecreasecl from 11 to 1.0 hours.

2.2."3: Results

2.2.3L: Grorvt-h of {:he e)rperimenta-l co.ì.onies

1hc 'Ler:m o c:oJ-ony' in the context of this experimetrt appl-ie:s tr>

all aplri<1s on a pottecl b.r:cacL b,ean p.Iant on which one alal-a of A. Çr.tcc-ívara

was placed'Lo j-nj-tiatc an infestation at the k,eginiring of the e:<perirnent"



t¡i-gure 2. " l-O: Dail-)¡ t-etrrpe:;aLure atìd tleö.n rel aL:i.ve hrim.Lii.i. l':.y

30 r,:rri ¿L"bclve gr ounrJ nearltre expe:cimeirtal cages

jn .Alverstcrke O¡:cha.rd- - Apr:iI*i[i.r"-i y |u9'1 7.
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Tjris secl:"ior.r d.e.sc::.ibes t-he ¡-'.roEress of infest-atior.ìs' t,h.eiil

s:ize and arge-'s'L-rucLure Curing course of the c:x¡>er-iment"

r , ?l-^" Þ ss; of i¡rf est-at.ions of A. craccivora an l¡::oacl t-,c-:an pla.nts

A detailecl cìescri.pLiorr of the growth of broad bean plant:;

and tlre prücjrLlss of inferstat,ic:rs o-f á. cracci.vora during t,he ez'L.e::irn:-:rrt¿'rl

period are pïeserrteci.in Appenrlix Il.. The colcr:rizinq aial:ae \,ù(:r:e. prL on

the crowns of nain slloots; as they larv.iposited, their nyrçhs stayeci cn

top l-eaves of the ma:i-n s}root, urrtil the colon.tes wer:e 21. ctays o-ld ¿inr.i

the total pc¡ruiLatj-on in the colonies reachc:,3 bet-.ween 300 a-nd 300 a¡;h:i.d.s "

Tl-:e plants \,{el:e p::oCuc:lirg floral pr:irnorrlia durj'ng this p,eriocl and t:he

aphids usuall,y congregate..f on perJ.r.-cels and calices of the urrcl:enecJ flower

l:uds. Petiol-es of fulJ-y o_peneC lea¡ves on upper one-thi,rd r.¡f the nia.ì-t',

shoot ancl uirdersurÍ-.aces cf st.ípules were +-hen co]-onizerd iry llre first

ger-reration ap'L--erae and thej-r nirmphs. lvleanwhi.l-e. each pl;urt Trad prodi-r.cecl

3-4 axi-l.l-ary Jrasal shocts also. Crowns of ihese axi1.l-ary basal sho¡rt:s

r,¡íth their yonng and fol-d<:d leaves were a]-so colon,ized by the apterae,

ancl their n,ymplrs. Tlie nricldle and lot¿'er i,nternodes <¡f tire mai,n shcct:

and the leaves on it were the last to be colonized, proba'Lr.Jy because

they were ful.ì, of horley dew, excreted by t-he aphids abr¡ve. At tlie .las:t

sampling when the colcnies we::e.60 clays oJ-d, ail- tìr.e shoots nf a plant

were ful.l-y coJ-oni.zed- ancl the nraximurr number of aphíds a- slioot containecl

was 7 t2OO-

2.2.3L-B: Íiize of the s;rmp.l- e<l col<¡nj,es ín re-Latíon to age

Figure 2.1-l shows tota-l- aphid popul¿rtion in the sairçled

colonj-es j.n relation tc age of inf estations, It took 15 to i'7 days ror

the col-onj-es t'.o reacir a poprrlatJ-on q>f 100 aphi-ds and 24 t"o 127 da.ys t<:

reach a population of l-,000. The p,cpr-rl-.rt-ion in tire seimp-Le:d coionies



Figure 2 "Ll-: T'ch¿il aph:i-d po¡ru1ai:ion j-n the samPlec--ì coionr'-er.j

irt r:elat-'ron to aqe" (Each bar reprcs;elrt-s a.

colouy " )
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Íncreased until- the colonies r-¿ere 39 day...: old. Hor,¿ever, :'-n truo cclon:Lcs

sampJ-ecl at 45 days, aphid ¡:opulations vüere decU-ning (see Section 2.2"31--C) "

Ilot all- the colonies samplecl a-l- 52 and 60 days had decl.j"nj-ng aphÍd

populat-.ions. Insteacl , the popu.lations of these coionies varied. between

3,000 and 15,000 aphl-ds. The va::iati-on in respect cf 'b.otal aphid

populatiorr among these colonies was 2 t-o S-fold.

2"2-3I-C: Age-structu::e i.n the sarnpled colonies
i

A detail.ed descr.i.ptic¡n of age-structure :'-n aphid populaiiol:s

of the satnpled, c,¡lonies is presented in Apperrdix III "

The first generation apt,erae appeared in 12 Lo 15 ctay old colonies.

The nurnber of apterae increased with the total aphid populatJ-on in tÏ:e

colonies and Figure 2.I2 shows a posiLive correlaLion regaraS-ng thÍs

aspect. The 3 low points on the corr:elation represent the decli-n.ing

populations. Figu::e 2.1.3 shows t-he number of .epterae.j-n rei-ation to tire

age of the col-onies. Reduced nurnber of apterae j-n a few cr¡l-onies s.r:npled

at 45, 52 and 60 <iays \das characteristic of their <leclining a.phid

populations.

Al.atae firs'b appeared v¡T¡en the colonies v¿e::e 24 Lo 27 days ol d"

Their numbers aLso increased sulrsequently with the age of the colonies.

First and second in.star nymphs accounted for 40 to 85% of 'tot;;-l r:phid

population in the sanrpled coloriies. Flowever, colonies sanplecl at 45 ancl

52 days w-ì-th declining aphid populations had 15 to 37e; n¡,rmphs j-n firsl- and

second insta::s. Another feat--ure of l-hese clccliningr aphíd popu)at.i-ons

was their: j-ncreaseC proportion of fourth instar alatiform nltnphs lvhich

var-ied between 26 ancl 50% (Fiqur:e 2..1¿tr).
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: )..'?=, R<:-ì a-ti.cnshi-p J-:etvreen tot:al, aphi-d pcr¡rrr1.artion ancì

nuilú:er: of aptei:ae .i-n the salrrpl-ed cc>l-o¡'ries 
"

Iì =,0"92A5, P'= 0.0i-"
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Figure 2"1.3: Number of apÌ:erae :-n :--elai--j-cln uo agt: cf ";he

sanpled co.l-onj.es. (llach bar reprel:ìr.rnt"s a

colorry. )
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F'iqu:r.e 2" f4 A(lÈì.- !.1'c:f uc Lu.r:e j. n tbe sarrçrl.ed colorìj.esj .
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2 " 2 " 3l-D: Ef f ect of parasit j-:-z¡¿tj-on on c:olcnl¡ i.)-.;ta-lll--ir¡hmenl:

Tr,vo paras-i-t-ized co-l-on-ies, sailpl-ecl at l8 and" 30 d.;:.ys

respectj-ve1y, show hr¡w the tim-i.ng of parasitizat:Lon can be cruc-i,al- for

the f,rte of a popul-atio¡r (see ?\ppendix IIÌ) " The forme¡: colony hacl a

tot¿rl. of: 9 aphids, of wh-ich 6 were rntrnunifie<f j.nclrrdintl 't-he colo:rizing

al.atae. It had only 2 apteroi.rs acLi-r1ts and one-fou::tir -i.ristar a.pterifc,r:iir

rrymph alive" Absence of fi::st and second-i.nstar r:1,rnphi-r s;r"rg9-estecÍ. l-hat ì:he

<:olo:ry Tra.il been lrarasitj-zed jr.rst after the coionizi.nil a-l,aLa had sL.ar:ted

to larv'iposit.. Tt is probabÌe that the lj"ve apt-.erËre vrere pa::asil-izecl.

at- a l-ater stage or that they harl escapecl paraslt--izat--i<;n aird wei:e st-:i-j-I

pre--rcproductive aphj"<1s. In e-ithe:: case, the prob.rbility of est.abli;ilrle.l:.'i::

of i:hi.s colony v¿as low. It is important t-o note that tv¡r¡ par;rs;ite--fr:ee

colonies sampled simultaneously at 18 days Lrad 3BE aricl 394 apÌrì-ds"

The other colonyo sampJ-ed at lJO days, Ìia.d a pc;pt,IatJ-orr of 541- *phicìs,

of which 1.8 were mummified. Aphids cf all- ages an<l nrorphs were pi:'ese:ni"

The stnall numbers of mummifi.ed aphids pointed out that ihe colony had been

parasitized approxirnately two weeks ago. The probabitity of dç.:abir of this

coJ-ony was fairly low, as it coul-d survive parasitizat-i-on because cf its;

size and age-structure.

All the caged col-onies were checkecl fc¡r parasit-.e incj-dence

following the sa:npling of the parasitized co.ì-ony at l-3 clays ar'ó 8 o{:her'

col.o:ries in 2 cages h¿rd been destroyed by par:asites.

2"2.32: Pot-entía-l i:ate of j-ncrease (eÀ) in rr,:latiorl to size of the

sampJ.ed col-c'¡nies

A measure of the potential rate of j ncrease of aphid ¡rcpulatio¡rs j-n

'the fie.ld can be worked out by Flr.rghes' nret-i'rr:<ì (L962), provìded the

eiurations of first ttrr:ee in-etars are equa.L ¿rid the ratio I'¡etv¡een trrrc¡ rtr¡rLl:-.e:re
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of aphicls in Èh.ese instars, approximates to a geomet:::Lc se-r:-'Les.

The durations of fj-rst. seconcl and thi::d :i.nst¡rr:s in ¡i. craccivora ar.e

equal on broacl beans (Jcturson 1959), on medics and su]:terran,ean clover

(Gutierrez et ai. L97L, 1.974a) and on groundnrrLs (t-a::rell f976) in the

laborat-ory at. constant terperatnres. Bxpected insiar fregu.encies

v¡ere calculated by the method of Willia¡rs (1961). His par:a-ineter '¡_r

was calculated as foll-ows:

No. of nqmplis in second and I:hi.rd irrsta:'
No- of ngmphs in first ancl secotrd -insûar

Accordi.ng to Farrell- (1976), the c.rfcula.tion of ll b1' 1r¡t= mel:horl ,

i.e., as reciprocal- of eÀ, gave a close approximatio¡r to the val-tre oÌ:bairred

by the iterative method of lrli.lliams (196I) for:.samples of A. c:rec:c'í -¡or¿

on groundnuts. The expected frequenci.es of nltrrphs in first, second arrd

thi.r:d instars were then calculated by multipllzing the total. :ryrnphs

(r + rr + rrr) by l )) and ,rr2 respectirrely.
1+p+¡t2 7+p+p2 J.+¡s+p2

Of 39 colonies, 17 had sta]¡le instar: dístribut-ions (see .þ¡renrlix

TV) and their potential rate of increase was calculated by Èluglies' (L9ç:2j

method as follows:

eÀ
lVo. of n1;mphs in first and seccnd instar
No" of ngmphs in second and third instaz'

Figure 2.15 shows values of eÀ in relation'bo the tc¡ta-l aphiC

population of the sampled colonies. The highest value of 3.07 was

recorde<l in a colony with a total populaticrn of 60 aphj-ds, In col.onies

with higher aphid poputations the val-ues of e). ranged from 0.9 to 1.6"

u
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jrgLr,.rrj: 
,? " 15 : lìotent:i-a -1 r.ìte of iircrea-E;e (e

t-o sizc of bhe s:atnplec1 ctllr-rnj-es
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The highest v¿ìlue of 3.07 arp.pear:s'Lo he du.e Lo rna*¿ui:atic,n ol:

apterae in a strort period in a colony r.ihereir:l p::eviously onJ.y one

al-ata vras repr-'odt-tcing" Ilowever, var-ia,tiorrs ö-rnor-rq tLre colonj"es in

respect of poterrt:ial. rate of incr:ease are so greaL tha-t. it :ì-s nof-

possible to establ-ish any meani.ngful ::el¿rtionship betwç.:en 'thcse val-u-es

and the aphid populah.ions of the cololr.ies" The díff-erences ¡i-n the val-ue:s;

of etr are probably a result of variati-ons in their rat.es of J-al:i'iposition

as affected by their: numlcers in a coiony" Lt j-s, horvc:ver:, i.irteresLing

to note that the potential raLe of itrcrease varied w.i,<lely evrtrÌ in col.on:les

whj.ch were initiated simultatreousJ-y with one alata a:,:ld whj-clì Çrê!t, unrier

identical conditi-ons in the absence of natural enernies "

2.2.33: Population grcwth in the colonies u¡r tc; 30 cia.¿s

Populat-ion growth of aphid colonj-es in the field- is influe¡rc:r:r1

by many factors, no'i:.rbJ-¡7 tenperature, condi.tion <¡f i¡ogt -ui-o-tl-, rrr-rnú".r::: of

reproducing adults, int-.raspecj-fic competi.tion ancl naLura.l- enemy' acti,vit-..'"

Since natural- enemies were excl.uded and the host: pi-ant-s we::e irr

good condition at least untíl the al-atae and apterae st-a.,:Lecl to dispe.rse

from the colonies, t-hese tv¡o factol:s can be reqar<led as liavinq had rnini-m¡.I

influence on the growth of the experimental colonies. 'Ihe colonies vrerc:

protecte<l fronr irnm-igrating aphj-ds arrd few aphicis le-l-t t-Ìre co.l-on:Les before

the +-irirtieth clay" IÈ is, therefore, r:easona.bie -i.o attem¡rt i'-o in1-ilrpreL

the popuJ-atj-on growth of the colonies in relabion tc; t--wo other f act--ors 
"

namely ternperaLure a-nd the number of reprocl.uci.ng ap't.erae"
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2.2.33-A: Relatio¡rship bet-ween 'Lenperaht:r'e anci pcpul.atic>n groi,.rth

Numerical chauc;es in aphict populat.ions; in the fj.el.cl can

best l:e J-nterpreted in relation to f.Luc'tuating fi.el-d temperatru:es by

usÍ-ng a physiologícal time scal-e of day-clegrees (Ilrighes 1.973) and rRan;'

w<¡rkers have used this physio]-ogi çs.l tj-me j,n the dr:vel.opment- of deter:mj-nisLic

nrodels of aphìo populations (Hughes 1963; Hughes airrl- Gil.bert 1968; Gil-l¡ert

and Gutierrez L973; Gutierrez et a.l-- J.974a¡ Maelzer 1917) " TLre th:¿eshol-d

tetrrperat-.ure for rlevelopment of the South East hustralian biotype c.L

A. craccivora is 8"3oC (cu'tierl'ez et aJ-. irglL, I974a). Day-<legireesj

abcve this temperature were ascumulate<ì from 2-hor.irLy mean tenrper:-itr"rres

recorrfed by a thermchygrograph lt'hich rvas kept in shad.e near the cages.

Figure 2.16 shows a sígnificant relations;,'ri-¡: betlveen 
"he

cumulative day-degrees above 8. 3oC and the total aphid popula'bion in t:he

colonies satnpJ-ed. up t-o 30 days. It is evident frorn this refa+;ionshi.¡>

that 44 day-clegrees were nee<1ed for a lO-fold incrc:ase in the apirirl

populations cf the colonies and 58 to 60 day-degrees were needed fo:l t-lie

deveJ-opment of each generation.

It is essential to point out here that the tenrperatures insj-de

the cages were not recorded cluring this e>,periment. The tempeÌrat[re

records of Experiment IT (see Section 2.3.3) indicate higrire:r temper:a.i-.ures

inside t-he cages cluring sunny periods (an -incr:ease of 2 tc' Aoc). ResuJ-ts

of Experiment If also suggest that 72 clay-c1egr.'ees (aÌ-.ove g.:oC) were

neeCed for the devel.opment of orìe generation. A difference of 12-14

day-deqrees may, therefore, be due to under-estimation of temperatu::es

inside the cages during this experiment.
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2 "2.33^B: Rq.Ljlç.f 9¡-i:1þiL'- l:e1-rveen the ntrnrber of apte:r:ae' alrcl total-

aplue-eg¡.lgls!¿q1

1i'igrire 2.17 shovrs a significarrt refatj.onship between i-he

numbe:: çf apterae arrd total aphid popuJ-ati-on in the cr¡Ionies (v¡j-th

apterous adults) o sam¡.rled up 'Lo 3C days. The total aphid poiruJ-ation

in t-he co.lonies increasecl L1 .4"Ì ti¡nes for erach lO-fol.d increase in

the nulrber of apt;:rae. flhe nìrrnber of ap1.--erae in a co.Lony rûay' Lhereforeo

be a useful -i.nder of t.he si.z:e of fietd colonies rr'here reproducillgi ala¿ae

are al:-,sent and no apliiils: are cl.lspersing.

2.2.33-C; Re la tions?rip be1--v¡een tire nunrber cf apt--erae and f-i.::st and

second i nstar nvinphs

Figure 2.18 shovøs a signi-fic¿Lnt relab-j-onshi¡,' between the

number of apterae and first and, second instar nyinphs in the colonies;

withapterousadull-S,Sarrrpledup'uo30c}ai.s"Thenumberoffj.rstarLd

second i¡star nynphs in the colonies increased 10"7 tirnes for each

IO-fo1,l irrcrease in the ngnùer of apterae. This relationsirip, ho\nlever,

does n6t give any -information regardi.ng the intraspeci,fic competition'

if any, among the apt-erae aild its adverse effect on thej.r reproducbj-r'e

rate.

2.2.33-D: Rat-ì-os of fj-rst -instar nymphs and apeer ae in 't-he colorri.es,

sarnpl ed unLil 33 days

Figure 2.19 sht>ws ratios of f-irst insta-r: nyniphs and

apterae in tlre colonies u.ntíI the start of apt-erous dispersal . 'Ihere

is no evidence of redr-rcl:ion of fecundity of apt--erae with irtcreasi.ng

population of ccl-onies, anrl the numkrer of first j-nstar nynrphs per

apt-erîa remainerL more ol: l.esjs const-ant (B) (see also Tabie 2"f) "



Ïl:Lgrir:e 2 .I'i : L,oij. t--ot.al pcpul¿ri-:;-.Jns of i-Ìre sanç1.e cl col,c¡rr j-r:s;

as funct:Lorr cf i-o91 , i,rp't:e::ee, until t-jrer st¡r::'L of:'

aptel:ous aild al.at¿'r rlispe-rsal .

iì == 0"9785, P - 0"00_1 .
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I':lgurr: 2 . .l-B frt)g. firs'L anrf second -r-nstar nyrnphs in the
s¿ri.rpi.(ìC coi<:nies a.s frrnction of ]-og. aptclae,
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Tabl-e 2.f . A compa-rison of the numl:ers of first instar nyn"phs er¡d

apterae a:L Aphi.s craccivora in the experimental coLor¡ies
(sampJ-ecl up to 33 days) on l¡road beans " 7.977 "

Age of
colony in

days

Plant
No.

No. of first
instar nymphs

No. of
apterous adults

TotaI
aphids

12

I5

9
4

2
3

5
2

32
2,O

6
I

6

I
2

3

35
t4
60

6l-
34
97

3BB
394

314
84.8
361

loo5
764
393

L375
573

L225

l_936
2503

542

34-tA
2l-11.

18 I
2

222
185

136
2L5
T2L

297
230
133

413
L2I
406

687
885
169

L269
5r4

l9
20

I4
34
L4

2T

27

30

33

I
2
3

z+ 42
23
19

I
2

3

I
a

3

I
2

3

74
32
58

99
100

77
96
48

1
2
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2."2"34: potential rate of er..rigratiLrn in t-he sanrpled coloni-es

Both alatae ancl. apterare di-sperse f::r:m coLonies in the fielci"

Recent id.eas on insect nLigratiorr (Johnson 1960, Keunedy l-961, 1975)

class alatae as migrants; aIal:e^c= a-re cbligaLo::y fl-iels (see Section 3);

they leave the host plant in a. pre--repr-'ocluct-j.r'e phase of thej.r biology,

i::r:espective of the hc¡st's suitability fr:r fuL:i-her fr:ed-in-c1 r..n<l reproduct-ion

and, most ímporLal'rtly, they _qo beyoncl their h¿rbite.ts eind n:lay::each d.-i-st-ant

patclres of suj-table habitats (cutierv:ez et aL. L974a¡ Johrrson 195'Ì) ,

so that continuity in the survival- of the species uia.lz þs er:sr:.red on a-

regional l¡asis (Way 1973) .

A. craccivora apterae, though, disperse f rom colc¡nj-es, sornetirnes

in, Iarge nunbers over a long pericd (see /\ppenclix VI); ne¿ver:theless,

they do not move beyond loca1 p.Lant patches " Tliey certai-r:.ly do not ensure

the continuitlz in the survival oÌ: bhe specicrs on a r:egicn¿ri basis as

alatae do. It is also important to note t,hat *,he first matu::-ing apt--erae

in a colony never move out of the colony (see Appenclix Ifl), whereas those

ma,turing at a later time dis¡ierse" VJI:ether the moveirrenf- of the clispersi-ng

apterae is in response to crowding ilnorrg themselves or ís a response to

the qr-ral.i-t1z of host- plant, or is an adaptation, is nct ktrovrn at the prr:slelri-.

and experiments in this direction v¡ill cl-ar.ify thi-s aspect.

It is also ì.rnportant to not-e tl¡at sur:rrival- of the a-nholocyc.ì-ic

A" craccirzorc? j.fl the epTremeral Àustralian en.¡ironment is pr:ob'ably

accomplishecl by the exister¡ce of uLarry indíviclua-l colonies, s¡tread over: a

'¡ast a.rea (J'ohnson 1957¡ l,ühite L961 ). Each of these color--'.ies ma.y ire

contrfüuting to regional survj.val of this species by producing varirincl

number of al-atae for varyinq pL-:rj.ods r so that a sontinuous aeri.al

po.pulati-on of flyingr alatae is rn;¡-.j-irta-ineC. Because of tìrjs i-nport-ant role
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playecl by alatae, f would reEarfl them äs i:rue rnigrants. As poJ.n-Lc-d ouL

earlj-er: (see Scctiorr 2 " I) , co.Lonies respond to chaugj-ug ertvíroninent-. b1r

proCucing varyj-ng proportions of alata pl:ogeny an<1 a measttt:e of- tiresc:

;:.r:oportions could, therefclre, rep::eserrt the 1::cten'tia.l l'¿¡te of emjclrat:i-oit

of a colc¡rry in rel-at-iorr to i-ts age and size.

2.2.34-A: Ra'bional-e for using i:hr: i:i<¡n of e.Latifc¡rm nym¡rhs j.u

the ihirit instar as a meast"re úf potenti-al rate cf emi-qrarion

of a colony

It ís a convention to use t--he proportJ.on of -fourt-h -i-,nst¿rr

a-latiforln ¡yrnphs as a measurc of rate of emigration (iìughes L963¡

Gu.tierr-'ez et al-, 1çr?1 , L9'l 4a; Farrel-l L91 6¡ Maelzer 1.9i7) " One

ïeason for tliís is probably the ease with v¡irich fou::th instar al-ar¿-ifcirnt

nirmphs can be differentiated in aphicl sartples because of- t,heir v¡e-'l-1^'tie'¿<;l-c.pec1

i^ring pads " Anoth.er Leason is that the number r:f ernigrating alaÌ-:ae in an

instar pe::iod in a poputation can be deterrnined indj-re-:<:LJ-y f::om th.t:

nu¡riber of fourth i.nstar alatiform nymphs -in a sampÌe by Huçfhes' methocl

(f963). However, in doing so the pararneter (r) has to I¡e d-etenn:irrect iti

laboratory beforehand, s-ince 'Kt represents the extTa derteloprnental- t-ime

taken by alatifornÌ fourth instar nytLphs j-n relation tc st.a:rdard dura-tion

crf prececìing ttiree ínstars in Brevjcorgne brassicae (Hughes f963) , and.

A. cracci'voza (Johnson L959¡ Gutierrez et aL. L97I, L9'l 4a) "

Tlie developrnent,;rl period of fourth Ínstar alatiforn n1'ntphs in

A" craccivot:a :Ln l-aboratory is i-.3 (Gutierrez et af . 1971) to 1"5

(Johnson 1959) times lorrger: than the develo¡rmental perir.:i1 of fourth

ínstar apt-erif,)rm rrymphs on medics and brr:ad beans respect:i'rely" Becaus,te

of this difference in developmental period of the t-wo morphs, counts

based on alatiform nympÌìs in t-he fr-,urth ínstar woul.d" over:'-e.stimate the
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percentaçe of a-lat-ifc.r;:rn pr:ogeny a¡rd unc-ler'^esti,:nat'.e tLre percentagc-: of

apteriforins " To avoid this erL:or: in c-leterminati-on of potential rate

of emigrati-on, it is necessar:y to determine t-he pr:oporLl-ì otì oi: aläLifoL:m

pi:ogeny v¡ittrin a cohort of aphj-cls w5-th equa1. developmental period.

I have used third instar nlzrnphs for thi¡; purpc)se, as the developm:-:ntaJ-

periocl of both the morphs in this ínstar i,s equal on br:oatf be.ans

(.tohnson 1959) as well as on medics a,nd subterlîaneall clot¡er (Gutierre:z

et al-. 1971).

I¡r ,4. ctacc-ivora, pcst*natal morph determination talçes I)-l ace j"n the

first instar (Johnson and Birks l-960) . But it is not possible to l;elrarate

alat:Lfor¡n and apter:-form nynpir.s in the second instar, arrd l-he1r g¿¡ 1r.

distingui.shed at the earliest in the third i¡rstar (after thei.r s€corrr.l

moult). Hence, another advantage of using third j-nstar for the ptî.ìsent

puïpose i¡; that the effects of changing aphi<l populatíon on the poi-errtial

rat-e of enj,gration of a colony, as reflected in the prcportion of ihiL:cl

instar al-a.tiform nymphs, can be detected at the earliest possibl"e staqe.

2.2"34-B: Potent--ia1 rate of emigration in relation to aqe of 
"Ïre

sampled colonies

Figure 2"20 shows the potential rate of smìgrati.on in

relation t--o the age of sampled. colonies; it was calculated as follows:

Potential raie of
emigration %

No" of flL aLatiform ngntphs in a colonlt x 100

No. of fI.T alatiform + III aptetifo.rn ngmphs

No alati.form +-hir:d inst:.ar n1'mphs were recor:ded in the col-ol:Lies

sampì-ed at'. l-2 and l-5 days. This meant bhat the first- nymphs to matur'e

in the colonies became apter:ae" A,la+-iform third instar iryrnphs rver:e

first seen in 18 day ol-d colonies; in the colouies rvhich v,re::e sarnp-'r-ed



I'igtr::e 2 .2O : Potonb-ia,ì- .ra1-e of errtigration (c'x}>:cessr.:<1 as

percerrtage of a-l-ai:.j.fc-:rms arrìong 1-lr:i-rci inst-ar

nynrph,.;) jn ::elation to age of tth(: sempled

colouic:s "

Lines f itted by eye "
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su.bscìqllently at 21 and 24 da.ys,,t-,he pro¡ror:b.ion c;f: Lhir:d instar

ala-tiforrris var.ie<l bet--ween'78 ancl 96%. ft is j-nì:er.esting to note that

thj-s high propcrrt-.ion of alatj-forms (85 to 97s¿) was maintaj,netl lry 1--h<:

colonies until /t5 days . The decline in thì s percenta-qe -i-r the coloniesi

which were sanpl-ed at 52 arrcl 60 days qan ]¡e attribut-ed +-o reproduction

b1z alatae on the under-surf aces of l-ear¡es, and it is ¡trobairle t-hat th.e

n1'rnphs laj-ct by these alatae \^rere -ì:-ncreas-irig ther p::o¡;o.r'bions of

apteriform nymphs.

2.2..34-C: Potenbial rate of emigtration in refaticrn to size of the

samp lec.l coloni-es

Figure 2.21 shows the potential rate of emi.graticri in r:elat'.ic.n

to total aphid population in the sampled colonies. No a1a'¿ifolm prollerly

was observed in colonies w-ì-th. up to 100 apTri.ds" A.ì-atiforni 1-hircl i.nstar

nympl-rs were first seen in the Çolonies r,¡ith more ti-r¿rn 30O aptrj-os anCL

their proportion varied beLween 78 ancl 97>" in the col,onies witli 550 to

4f000 aphids. In colonies v¡ith 5,000 to l-5,500 apJrids, the percentaEe

of thjrd instar al-atiforms declined from '75 to 52ea. The nigh

poterrtial for alata productj-on by ,A . craccivota at high populatiorr

densities on broad bean plants is evídent rrom tliese results.

2.2.34-D: Relationship betwee n state of crowdinq alrC al.at;.

determir.rati.on irr colonies 
"

sarnpl-ed prior to clisporsal

by alatae and apter:ae

The relatiorrship l:etween state of crowd,ing (j-.e., t-c¡ial-

populat-i.on of a coJ-ony at 'Lhe birth of a cohort of nymphs) and .¡.l.at,a

determination (i.e., the- ext-ent of alateness irr thaL cohort) in colorries

samplecl prior to distr,ersal by alatae and a-pteräer $/as wotkecl out by



1i'i c¡ur:<: 2. " 21,: P<¡{--ent:i.rl :r'ai:e of er,-Lqri,r'ti-on (e:<pressed as

per:centacy<: cl- aJ,¿rt-i:r'cly-'nis atnong i:h-i rcl j rrst-ar

nyrn¡,:hri) i,n r:el,al-i.r¡n 'to size r¡:f tÌ:re san¡rled

col-on.ies "

Curve f itte<l l>)' eye.
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t-.wo rne'l-hods " In each cerìe, L'.ire ¡runrbers of f irst ancl second inst-ar

n'l,urphs we¡:e exclucled frorn the tot¿rl apìrid populatj-ol'r of sanpl.ed

colc-¡nies, becausr: mr¡st of 1-hesr-: trymphs wer:e proÌ:ably ¿¿¿*d to Lhe aphia

po¡rulation ¿:.fter the thircl j,nstar: nyrnphs l'ùere br--lrrL, i.e", they were

abserìl:- unti]. the last çf the t--hird irrstar nymphs wasbo::n" The percentage

of .¡I;rij forrn nlrurphs in 'Li:e iliÍr<l insta:r was tlten plo'bte<l agairist the

remai.ning aphicl popuJ-atir-rn (lll- + IV + ¿rdults) of the colonit:s and

Figtrr:e 2..22 shcrws t-hj-s re1.at-i-onship" The 'Lhreshold densii:y- per colony

for 50e¡ ¿rlata de:termination, as ::ead off this girapir i.s 92 aphi.cls i..e., in

a cclony <tf 92 a¡:hid.s. j,t is probable t-hat 50e" of j-ts first- j-nstar nlnnphs

woulcl become a-l-abifcr:m.

The same reJ-ationsÏrip vras \,\rorked out by linear regressj-on of

percentage of thj.rrl insta.r al.at-ifor:m nymphs over 1og-aphi-d Pr¡Pulation

of sampled colon:Les al-so.;-rfter exclucling the fi::st and seconcl .i-rrstar

nymphs, and I'igure 2.2-? slicws bhís; relatior-rship. t¡rom thj-s regr:ession,

the threshold density per colony for 50% a-Later deterrnj-nation is I08 aphids,

wh|clr is not very different f.rom 92 aphids per colon)' as del:erminecl by

the graphic method.

It is interesl--inq Lct note that threshold densitj-es of 92 to

lO8 aphids per colony for: al"rta determination correspoitd wel-1. q'i-th th-e

observations that nc¡ alatiforrn nyrrphs in third ínsl-ar v/et'e obirerv'ecl

in colonies witir up to l0O aphj-ds, and that Lhey were first recorded in

colonies with rnore: than 300 a.¡.lfrids (see Sec'l-.ion 2 "2.34-C and A-openclix II-I) .

It is apparent that by the tirne the fÌrst. inr;tar uynphs in the colonies

with .LOO aphids bec¿une thi:rd insbars,;, an a'Cdi.tionaL 2OO nyryphs (I + If)

were add.ed to the poprriation of these cofonies cluring the two instar

perio,ls.



Fiqu.ce 2"2.2 r{e.l-¿r'L;i-or..Lship l>etrvoen colot'iy sì.ze (at the l-¡j,l:th

of la.st thj-rd j-llsb,¿rr i'ryl'çir) and pe:rcent-,a,.çJe of
.rlat-.:Lfc¡r:nisì ¿unorìq l-.hird j.r.rst.r.r r-rynphs j-n tlie

sanìp-'l-ed- c:o-].onies, ¡rr:i-cr 'b,o the stai:t of o.pte::<tus

and a-l-a,'r-a di-s;.s:¡s31- (until- 27 days) . T,lrresho.l-d

densil-12 ¡rer colony for 50tà a-l.a'terress : 92 aphicls"

Cur-'ve-: Í,'i-t-teci by eye.
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I"i grrre .2 " 23: lìelati.crr,sÌij t¡ bc:tv¡een l-og" coJ-orr;- :-,ize (a-t ttre

Ì:-trt-.h of fasl- t-hird insi:a:: nymph) arrcl perce¡to-ger

<-:il a-l-atjf<.rrins anroìlg 'l.hircl j-nst-a:¡ nyrnplr,r in t-.he

san,pJ-...:d col.c-,iij cs priÐr Lo the start of apteroils

anci. alata cÌj.s¡-'s¡t.t1- (rl-rti1 27 da1.5) . Threshol.ct

clensíty pel cc,-lorry for: 50e¿ al-ateness = Log" 2.O3

=, -l-08 apii:Lds;" R: 0"8617, P : C.01.
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2.2.35: RÉ)al:i-sec1 capacitie:i -f or em-ì- cJrat-.ic¡r-1.

2 . 2 . 35-A: Cumul-a'iL ive numJ:e:: of dispers ec1 al-atae froin a. col.ony

as a measur:e of i.ts rea-iised c;:çacity for emigrarìion

It j-s reasonable to regard the L-LÌmulative nun]:er of

dispersed alatae frc¡n a colony as a measrr.re of j-ts real.ised capacity

for emigraJ:ion. Tab.l-e 2.2 and.Appendix V present- these data from s;ix

singJ-e-caged colonies kept- for tl-ris purpcise. It i,s evident f:rorn

Table 2.2 that ind.i¡¡i-dual co.lonies dif fered in t-hei-r capacì.ties to

pr:oduce emigrant al-at-ae "

The cumulatj-ve curves for di-spersecl alatae ancl apterae for

sj-x coloníes have been presented in Figures 2"24 to 2.29. It is

interesting to note tha'b al.atae started to d-isperse in these col-ouies

at 2l to 30 days, whereas the al-atiform third insL.a:: nymphs were first

foun<L -in the colonies sampled at 18 days (Section 2"2.34-B). This

rneanL tirat tirere r^/as a t-ime lag of 9-12 days for the real-isation of

potential for etnigration in the colonies.

Of six plants sr:udied for realised capacity for emigrabion,

2 died at 67 and 75 d-ays followinç¡ their col-onisation; t.he rest were

still prod.ucinq al-atae when the <¡Jrservations were stopped. The Èot-al

output of alatae from these 4 plants would certainly be higher than

their recorded numbers" It appears from these results (Table 2.2)

that the tobal numbe:: of alatae rvhich a colony can prociuce may be

rel-ated to the peak aphid populat"ion reached in that colony.

Vühat these results indi-cate is Èhat A. craccirzo-ra has a

potential- for producing at least 3,2OO Lo 7,500 emigrarrt alatae l-lîom

one alata, if that al-a,ta happens to colonize a 2 weel< oJ-d broad bean

plant, and if the colony gro\a/s in the aÌ:sence of natural enemiep.



Tabfe 2.2 Cumufative numbers of alatae and apterae nf Aphis cracci.vora
rvhich dispersed fr:om single-caged colonies on broad
beans - 1977.

Period of
alata dís-persal

in days

Peri,od. of
apterous di spe.ral-

in days

2*

3

5

7

16*

20t

45

45

46

49

5754

4859

3842

3245

3636

7536

42

37-D

42-D

42

45

46

139

213

lBB

L29

77

7]'7

D Death of host plant.

* Parasitized colonÍes,



F j-ç¡ur:c 2 .2,4: Cunm l ¿tir¡-r íÌlurún-rers of d-ì-s;peÌ:seC ala-l-¿r.r.: and ap'L--er: ac:

fr:om ;r par;rsí1:e:*fr-ee co.Lotiy j-n relat-ì.on t-o agt2 of
the colony (cagc: 7), Ar:¡ov¡s inc|-ca'l:e the si:a::t of
di-spe::sal ,
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I'i<1 itlc: 2 . ?,5 : Clr:rnula.i--i-vc nlÌnÌJer- i-'ì of d-ì.sper- rreC ala l:-ae ¡¡ rrd

ap'i-erae from ¿i par:asit-ized co.lony ili ::elal-ion

to t-lrer et-o,e of. 1-Tre coJ-,rr-r1' (c--.rge lí:r) .

j] - F¿::îr-sit- i- z:ecl aplii-d s scler-ì "

Àrrovs i-niiic¿i-te i-be=: star't cf di.spersal .
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Fj-c¡ure: 2 . 26 Cn;r¡.:lat:Lve r'ìumJl.jrs of dispo.rsed a-l.aL¿re airrf

apl-er:a-e f.r-om a parasite*free co-Lt¡ny i,rr i:e1a-1-.it,¡l-i

t--o age of col-ony (cage 5).
Alîl:o'¡rs inclicat'.e +;he sta::t of dispersal.
D Death of hosL pl-aut.
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F j cJnr:e 2. . 21 '" CurLiu-l.a-t-ive n-Llrrrbells of dj,.;pei:sed a1;t.tae and

a.¡:rf,crr:ae-: fr:orn a parasi:i-Le"-f;:ee colony in l:el-aticn
to a-gc of tlie colony (<:arc¡e 3) .

Arrows -indj-r:¡rte the st-a.i:1. c,f tlispersal"

D De"Ltli of host r>].ant-."
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ri-ç¡r¿r_219 C..r'nul-¿ri:j-v<-¡ t:\.Lntl:r-:rs of dispel:sed al-.,i'l-ae and-

.-rptenae frotn a pa:':as;j-ti-zed col,ony .j-ir rel-aticn
t--o age of i--he coJ-ony (çage 2).
P : Para.;itizecl. aphi.ds ,seen.

Al:l:orvs j-ridíca-t-e the st-ar1-- of dispersaJ-"



F-igure 2 "29: Crinr.¡fa bive nrrmbe:r:s; of clj-s¡rr3.¡¡;6¡¡- a.'!-atae a-nc1

aplerae fro¡r a po-i:a,si-tized col-c>ny in i:el-¿rt--j-orr

1:o age of the cololy (cage 20) "

P - Pa-r.lsi-tized aphids seell .

.Arrows.; indica.be tlle s.i:art oir' dispersal.
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4.1

llhe iurpor:tarLce of t:Le procluct-.ior.-r of mig.ranr: alatae ¿rs ¡ealisecl through

the framework of colony/ is e:r¡i<1ent from 'these resul-t¡;.

2.2.35-rl: Range of variatic¡r iu the rates of dispersal cf a]-atae

enorìg six col.r>nies

To get an iclea of the range of variation j-n the rates of

disper:sal of alalae arnong the six col-onies, cuntulatj-ve nr:mber:s of

dispersed a.Latae Þ"elre plotted separately for all i:he col-onícls -ì-n

relation to their .Jispersal per-iods, regarCing day 1 a¡; the day on v¿hich

alat-.ae star:l-ed, to dispe::se f::orn a colorry. From these gra¡:hs t--he maximum

arrcl mini-nrulrr cürrrüfative numbers of dispe::serf alatae were::ead off at

I0, 20,3[)¡ 40 and 48 clays. T]re rates of dispersal cluring the precec,lirrg

l0 or I day periods were calculated on a per day basis by Civíding the

net incr:ease i-n the cu¡nulatir¡e val-ues hy the number of cìays (I0 or B) .

Figu..re 2.30 shows Èhe range of varj-ation in the rat--es of clj.sperseri

of a.latae among the si.x colo¡ries for 48 days, follou'ingthe st"art- of

dispersal" 1\^/o aspects are evident. Fj-rstly, variat-.iorrs in the rates

of dispersal were 2 to 4-fold. SecondJ-y, the rates of dispersal were

positively related t<¡ the age of t-he colonies. The differ:ences between

the maxi.muni and minirnun rates of di.spersal inply that the alata production

and alat-a clispersaJ- in,1 . cracçitora is related to the population level

of a colon¡¡; colonies witli higher populat.ions wil.l produce alatae al- a

fast-er rate than those with lov¡er ,oopulations"

2.2"36: Dj.spersaÌ by a-nterae

2.2.36-Az Cumulative nuniber of apteraerdispersed from six col-ouies

Table 2.2 shols the cumu.l-ative number of apterae whÍch

dj-spersed frcm six colonj-es. No apterac: dispersecl untj-l the colonies



I'-Lgr:-r'-'e 2"30; Ììange of var:iätioì1 in t-he ra1-es of clispersal crl--

alat-ae (per co1-ony per da-12) amonq s;ix col-onj.es; .in

rel.etion 'tc dispersal period" (Rates calcuJ-at-ec1

for eve::y l-0 c1ays. )
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were 30 t-o 31 Cays 61d. Excjept one colony wherej-n 7'l'7 apterae

dis¡-rersed, the uumber rvhich díspersed v¿rrj-ed betv;ç:etr '7'l a'nd 2'L3'

There seems t-o be no relatj-onship betv.¡een the curnn-Lative rluûú:er of

afatae anrl Lhe cr.rmu]ative ltumber of apterae rvhj.cir. cli.s;perse<L fr:otil a

colony.

2 - 2. 36^l): Variation in the pattern of aPterous d-ispersal j.n

relatíon to disy->ersal perícd-

Figures 2.24 to 2.29 show the pattern of apteïous cl;i-spersal

in the six colonies. fndividual col-onies dif fer:ecl in tl-re patì-"e:cn of

apterous dispersal (see also Appendix vf ). T¡r r:r:cl patternf rùally

apterae dispersed aE the beginnj-ng of dispersal prsi:i.¿t \'"'hereas in the

otirer, only a few apterae dJ.spersed a.t the beginnir:g but- many ci.j-spersed

during tþe l-ater ha-lf of dispersal periÕLl . I)ue to lack <¡f a u-nj-fort¡ity,

apterous clispersal nay be :reqarclecl as ir.regular. The i.rregular:ities'

neverthei.ess, point towa::cls tire probalrle facultative natur:e of apterous

dispersal as inf|.renced. by the specifi.c conditions v¡ithin a colony'

2.2 "3-l : Ratios of tol-a'l erlacae to total apterae which di-spersed

from six co-l,otries

Table 2. 2 shours the total numbers of a-l.atae arncl aptc:rae

which dispersed from six sinl¡le-caged col-on-ies. The ratios of tota.l-

dispersecl alatae to totat d:i-spersed a¡>terae in parasite-fr:ee cc1onies

va-ried froin 20:l to 25:l aird in the parasitizecl col.oiries'Ll-iese ratic-¡s

varied from l-o:1 to 45:I. It appears from these r:¿tios that

par:asitizatiorr probaþly ¡:educecl the nulùrc-rrs of aispersi-ng apteLae"
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2.2.4; Sumrnary

'Ihe resufts of Experiment f can be sum:nari-secl as

fcl.l-or.vs

observatj-ons on the pattelln of infestation of broacl beans

by A. craccivoz-a inclj.cate that this a-phici is well adapted to the

growth habits of-- its legumi.nous host plan'bs. Paras-itizat:Lon by ttre

i.rph.idjid para.si-te (Aphidjus cofetnani) soc¡n after colonizat'ion u'as

de-:t-rimeirtal to the estalclislrrnent of a colon¡¡. Popr:.lations rauging

f:<¡m 3rO0O to 15,500 aphids, developed ori a b::oacl bean pl-ar¡t cltrri-irr-T

5 to I vleeks in early winter in field cages'

First a¡r<l second instar riymphs accountecl fot 40 to B5e¿ of t-otal

popu.lations a¡rf sLable dist-ributj-ons antotrg fj-rst, secor:cl ancl t-h-i-::d

-instar nymphs, approxima-ting to a geometric progression' T¿7ere a cçriìmar:

occut'rence in growing colonies " The val.ueu of aÀ \/ar j-ed between O ' 9

ancl 3,I. Recluced proportions of young nyniphs (I5 to 37%) and incr+:ase<l

proportions o-f fourth instar alatiform nyttphs (26 to 502") were characterj-stj-t:

of decl-ining populations, follorving the dispersal by apterae and alatae'

Populatj-on growth in A. cîa-ccivora colonies is clependeut npon

the number of rept:oducinq aptel'ae and the prevailing temperattrres ' The

rat-ios of f irst ins har nyn¡ohs to apterae rem.¿:'iuecl unaf fected in r:elati crn

to iircreasing popi.riati-ons of the colonies untíl the sÈart of a¡:tc:rotrs

dispersal.

Theproport-ionofa].atíformsamongthirdinstarnymphswa.s

regarded as the best nLeasu-re of poter-rtial rate of emigra-tion of a colony"

These ra'tes varied from 75 to 9]% in colon-ies with 550 to 4,00C aphids
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an,f decreasecl fr.on¡ 75 t-o 52r" i.n colonies with 51000 to -15'500

aphicls. .Ilie thresholcl density per colony for Sos¡ alata. determination

v¡as 92*'108 aPhids"

Alataeappear:edatnongthesecond.getlerationaph.icls"The

total nuinber of alatae rvi-rich tlispersed from a colonized broad lrean

plairt" ranged fr:or,r 3,2OO Lo 7.500 and the total d-ispersed apterae varicJd

fronr 77 to '7'7'1 
"

Apterousl dispersal j.s a consistent but irreguJ-ar and

facul.tatir¡e beharr.ioural mech,anism in À" craccivora. Parasit-izatiou

apparently redrrced t--he nunbers of dj-spersing a-pterae, ín old colonies'

Alaf:a prod',rction in ,4 - CTACCA vora coLonies,2.3: Exr>eri ment- I.t :

íni- b.i atecl b-¿ f , 2, 4 and I alatae, on conunon burr: medic,

subteLr¿ìnean cLover, Iucerne and broad beans in field caqes

2-3.L: fntroducti-on

Common burr rr,e<li c (Medicago polgrorpha va't ' vulgatis) '

subterra¡ean c]-over: (TtifoLi-um subtetraneum) a¡cl lucerne (Medicago

sativa) are cofiunon plant species in the south Australian legume pastuTes '

Life ta_ble strrdies in A. r:raccivora (Gutierrez et af . )-97L) established

common burr rnedic as hiç¡h.ly suiÈable, suJrterranean clorter as moderatel'y

suitable and l-ucerne as an unsuitabte host for the population growth

of this aphicl. Further, Gutíerrez et al-. (I97r) commented on the host

selection of A. ctaccivora alatae in the field. They r:eported cornmon

btrrr meclic as a preferrecl s¡-:ecies t"heir it grew v;:Lth other i[edicago

species. They also reported the der,'elopment of large po¡>ul-ati'ons of

this aphid on s;r¡-bterl'anean cl-over, but observed that lucerne \^/as not
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infested to i-.¡y gr:eir'L el;te:nt in. the-i :: sturly fiast-.uues in i\ew Sor-rth trValrl:=r"

Orr t-,he l¡asis of these s;t-r.,.di-es, Gu-tierrez et aL. (19"i4a) deve-Loperl a

determinisLi<: nrodel- of 1r. r:raccivo::a popu-lat-.i-ons in tìre h'errr¡-lerate

pas'tuïes of íjogth East,.:¡:n Austral:La. Thr:j-r: moileJ-, hcvreve:r, 'Lac1';s

einpj.r:ical data- on the rate of infestation of pla-rtts per: rini-t-' area anC

the initj.al- cclo¡ri.z¿rf-icn c.ìeür:ity of the elal:a-e per pl.ant- on conurton lcu:lrl-'

me<lic and su-bter¡:a-ne¿]n clover in b-he fiel<l ; an ¿rl'l¡itar)t r¿it'e of

infc.::;Lation of 0.03 a-l-¿rta Frer stem itas used to siniulatethe popuJ-atj-on

build-up. The nioclei ¿¡iso fail-r; to consid.er ef-fects of var-i-¿rti-oris il-r È*he

i¡ritial coloriízaticrn dens:Lt-y (per plL-ant), on ¡¡s 5-i-ze, age-structu're'

the t-ime cf product:Lon of fj rst afata progeny aircl the extetrt and

d.uration of alata production in indivi clual co.lo¡rj-es.

Resu-t.ts on ccioniz¡r+;iorr of broarf bean seeclli,ngs by 1{. ct¡¡c:c j-voîa.

in the field inclicated Lhai: i:he rlensii--ies of I to 4 ala-t,atr per stem vre::e

frequent and up Lo L2 alalae colot::'-zed a s-ingJ-e stem (secl sectj-on

4.2.2-C). The range of variation in the col-onization cl<':risi-ty of alatae

per stem is such that any systematic study a.ined at underst;rndirrg the

emigratio¡ potential of A. craecivoïa, ought to take into account the

inf l.uence of col-orrj- zaLian derrsity on f-he alata produ.ction c'rpacity of-

the resuli:ant colonies on cl-iffere¡rt host plarlt species. f ' thereforen

designecl an experirtent- 'Lo determine al¿rta producbion and dispers'el

in the colon|es ín|'biated by 1, 21 4 and B al-atae, on com-non bur:r medico

subterranean clcver, l-ucerne ancl broad beart p]-ant:s in the fielcl'

I initiatetf the expeïimenba,I sol-oníe-s by cor'¡f-i rrinE the requ'i::ed number

of alatae in leaf cages on 5 week olc. potte<i plants and kept- then

outdoors jn f-i-eld cages in mid-May 19?6. 'Ihe ol¡servatiolls colìtinued

until the end of August. The objectives uÌ-1d-er]yirrg this experimenl:
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were: (f) to get an j-dea of F--Ïre (,ri,ij.gr:atjorr poi:oilrial arrd ratt:s

of dispersal of alatae and apterae in the erx¡:e::ir':ren'Lal co'ì-onies;

(2) to determj,ne the generati.or'ì stð.l-us and the t-.j.m.': of appearance of

fj-rst al-ata progenyi ancl (3) to gc':b an estim¿tte of populaticD l-evels

of the expeïi-t",rent-al colonj,es soon after the s'La::t: of al'ata dispersal'

I a a" Methods

2. 3.2-A: Aphijl_eggp_r-Y

This experiment neerfed a large nurnber- c;f alatae for

símultaneous initj.a[:ion of the ex¡le::-ì-merltal colcnir.,rs. For th'is

purpose, Ä. craccivora aptera.e were corl-ect-ed fron ;in infestecl broad

bean plot. Fifty apterae were placed on each of 8-lo r'¡eek old' potted

broad bean plant-s for 3 days for: Iarvj-pos'i tion" Ä bota'f of B p-Lant-s

was used. After j-nfestation with apterae, the plants werre kept in

an insectary room, where teml:ei:ature rarige<l be-Lween -l-9 and 21ÐC and

a bank of 8 fluorescent daylight tubes pr:cvided a 'l-2 hour photoperíoc1'

The light intensity on the plants varj-ed bebween 520 and 560 lux' The

apterae were removed on the fourth <ta;¡ w:'-th a f-i.ne brush w:Lthout

disturbing the nymphs on the plants. The plants v¡ere Lherr ke-pt in

wooden cages (45 x 45 x 65 cm) wit-h 3 sices and roof of fine terylene

net, plywood base and. a pI}¡wood sid-e-door. EacTi cage hacl 4 plants'

A large proportion of these nymphs d,eve]-cped as aiatae" Al-atae which

flew to the sides and roofs of the cages were collected irl the rnornin'¡l

and evening, anaesthesized with. co, and kept on detached broad Ï:ean

leaves. The leaves wj-th the alatae were kept on ¡noist filter: papel:s

in 9 cm diameter Petri ctishes. Each I'etri dísh had 30 to 40 alatae'
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The Petri crishes were kept ao¿ iSoc a-ncl a l-2 lfirtt: pÌiotoperì'od in a

gror,r{-h c¿ab-iire[" The use of b::oacl bean leaves \das necressal:y |;o keep

the alatae al:Lvc, l¡ecause of theii: high rnortalit-y j.n r¡entil-a-ted ç¡lass

Lubes and also in Pet::i di-shes w-ì'th only mc¡ist filter papers' The

requir:ec1 nLrmber of alatae was collecLed in 2 da.ys. IloweveÏ:I many

aiatae (50-601à) had sta::t--ecl larvipositicln (t-5 nymphsT/erlat.ar) befclre

they were used. for ínitiar::ion of the exirerimerttal co-l'<)nj-es ' The af atae

were poolecl tcAet-.her, before they rrere usecl for the ex.pel:imÊ.)n''; to rniniinjse

the diffeïences due to reprocluct-i-on'

?,"3"2-B: Host Plants

F-ive or six see<1s of common burr rnedíc, subterranean cl-ove:r

(cult-ivar CJ-are) ancl lucerne (cultivar Hunter River) wel:e solÙn in the

recycled po'l-t:Lilg mixture (s;econrf soil.) in L5 cni diame:ter pJ-astic pots'

Broacl beans (cultivar I27) v¡ere sown sinqly' The po'bs wer-e watercd-

and kept in a well ventil-ated glasshouse' one week c¡lC seerflJ"ngs of

cofiìmon burr medic, subterranean clover a:-rcl l-ucerne wer--e thj-iined, ì-cavirrg

one seedling per pot. The plants weÏe 34-36 days olcl at ccrlonizaf't-on'

2 "3 "2-Cz Leaf caqes

Leafcageswel'eused.toconfinethealataconùlrehost

plan.ts fc¡r 4-5 days. The leaf cage-s were m¡.rcle fran 2 nuù thick

.transparent perspe>ç tuhes of I.5 and 3.5 cni cliameter. One c¡n vzide

r-ings welle cuL from the pelfsPex tubes" lr fi,ne terl'lene net was g1-ut:d

at- r:¡ne end of i:he pe.rspex rì.r:9, wi:ile the other etid had a plastic foam

ring gl.ued to it. Clear perspex dj-scs cf 2 anit 4 cm d-iameter and 1n'¡n

thickness v¡e1'e g-l-uecl rvith the samc: sized plastic foam cliscs to su'pport
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the teaf cages orr the o'cher sicle of a leaf or shoot" The <:aç;es

and their: supporti.¡g d-iscs wer:e helcl together by light we-ì-ght:

al.umj-nu¡ hair. clips. L.5 cm diamete:: cages were used to confi-ne

one anrl t-wo alatae and l-Ì.5 cnr diameter cages were used to confj-ne

4 and I alatae.

2.3 "2-D: Fj-eld catges

!trot¡clen cages of two sizes were usec to protect the

colonies: frorLr irnrnj.giat|ng aphi.cls atrd natural ene-mies " The sinal-I

cage¡i used, :For the f--irst expei:ir,retlL (see sectiorr 2.2.LI) \t'eÍe used

to confi.ne elnigratinq aphi-ds from four colonized plants. 'Jlbe big

cages were 65 x 85 x 75 c¡p. high. These were similar to the small

cages in t-he materj-al and constructioD. The big cages were used to

protect 16 cotonizerJ. plarrt-sj fïom natural- enelnies for 4 weeks' The

pLar-rts -in the big cages were kept il galvaniseO iron wate:r trays

(BO x 80 x 5 crn cleep) to facilitate gniform watering. Al-I the field

cages had their tops covered r.,'ith a thi.n tra-nsparent plastic sheet to

,orevent rainwater d::ip¡-'1¡g on the colonízetl plants " All the cages

were set up 1t-o 2 m a.par:t in the Al-verstoke Orchard of Vlaite Institute'

They were held c1c,v¿ir. lr)' a rope anct a 30 cm luggage strap between two

pegs in the groutrd "

2.3.2-E: Tem¡rer¿ì t-ure recorcls

The temperatur:es outsicle and inside two of each smalf

and bi.g cages wel:e recorcled r,,rith a Grant thermisto:: t-emperature recorder'

The thernristors were shaded with an aluninrim foil cone to prot-ect them

from di¡:ect s;rrulight ar¡c1 raín-
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2.3.2-F: DesicÍn of the cxPerimel'lt

The design of this ey\perirnerÌt was a tcornpl-ete ::ar-rdoini-zed

facto::j-al clesign' (C.R"F"D"), cjonÌpÏ-i-sitìg tlvo factors, namely, host

plant species and ilriti.al. cololtization clensity per Fla-Iìl-. Four host

plant- Sp(ìC.ieS i.e., Coinmoll burr rrtedi-c, Subter:ranean clover, Lr'rCert:e

and broad beans were usecl for ini.tiating colonies wit'h fo"rr densiLies

of A. craccivat:a afatae j-"e., 1, 2, 4 antl 8 ala-tae per colony" The

sixteen treatmentrì vtet:e r:eplicated four Limes to quan'Lj-fy alai-a prcdtr-ction

ancl disper:sal, and eiglit t-imes to detect the appeararlce of first' alata

progeny arrd to est-imaLe poprrl.atíon derlsities of the colonies soon

after the start or' alata dispersal"

2.3.2-G: Procedul:e

The requírec1 numl)er of alatae vras placed on the undersurface:s

of leaves artd the leaf cages \¡iere set to ccnfine the alat¿re on the host

p1-ants. Sixty-forrr plants v,/ere ccl-onj.zed for alata procluction studi'es

and 128 plants for the estj-nration of population densit'ies" Plant labefs

were use.c to marl< the tr:eatments- The treatments \'fere marked as

L4, I{I , SC2, 88, et-c" The cc-rlonized plants were kept ir-r the cages'

Each of the 16 smaLl cages had 4 r:eplical--es of one colonisation detlsity

on one host- plant species. Dach cf the I biq cages had 16 plants

represent:i-r'g atJ- the treatmen'bs w-it-.h alt the col-o¡ization r'lensj-ties

and the host- plant species " 'Ihe arran(tenìen'b of the colonized pi ant-s

in the big cages was at random. All the leaf cages were re¡n'oved 4-5

days after colonizatìon. The caged plalts v/ere \^Ia-tered v¡henever necessary"

Ttre exçeriment \¡ras regar<led as start.ing on the day of coLonization'
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When first- gener:atíon apter:¿re starterJ appea.ring in the

c;olonies, arl-l t-he col-oni zecl plants were checke.C for the ;:r<-:sence of

tirir:d and fout:L:h inst¿ir atatj-form rlymphs. The Irresence of al-atiform

¡ypphs at that- time provi<led the gener:ation status and the lime of

appearance of fírst alata progeny j-u the colonies, es1:ecinll-y wj-1-h

reference 'fo the winter of Adelaide"

Ivlany of the colortlzed pi-ants i.n 4 l¡ig cia-ges \^/ere at-'i.-ack-ed

by 'Llre Aphicriid pa::asite (Aphiditts cc>fr:man.i \¡j,e::eck) within 2 we-eks

of colonizatic¡n and hacl t-o be discarcled" At 46 days a.f ter coloniz,atic-rn,

al..t the rema.i¡ing plants in t-Ìre big cages (wi'th the aphi'Js) were

harveste<].Tlrelrwerecutatthebasewithoutd.ísturbi.ng,cheaphids

and kept i.n polythene bar¡s, labelled arrd storecl at 2oC. The contents

of each potythene þag were washed later in l-rrke*wa-tm wai:e-r' contaiirting

a l-lttle deterclent, and all- the aphiCs vlel:e remÕrzed with a J:rush"

The aphids v/ere storecl in BO% aicohol a¡rd counted la'ter to deterrnine

the total popuJ-ation of the sa.mplerl colcnies. 'Ihese figures providecì

a measure of the sizes of 46 clair old cofonies with reference to vai:ious

initial colonization densities on the four host plant species.

Emigr:ating apterae an<1 alatae r+'hich walkec alÁ/ay or flew from

the plants irr the small cages were cour'Ited and v:ernoved wii;h a vacuum

cleaner at frequent íntervals until the 1.llants coll.apsecl o:: the

colonies were 106 clays ol<1 " These figures provicte,l an estimate of i:he

aetual nLunhers of afatae and apterae which emigrated from different

sized colonies on the four host plant speci-es'
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2.3.3: Temperature, releti-ve hurni.cli.t: y and pltotoireriod

Table 2.3 shows anl:ient tentperaLures reco¡:decl a"t the

waite d.uring t-he experi.ment" The re.l.¿rtive hr.rmj-dity during +-his

period varied, between 60 arrd 85e¿" Da,y-Ierrgths dur-i.ng the

experimetltal period decreased fr:ont JOr: hours in lla'y to l0 hour-'s 'in

June and thereafter increased to 1l Ïrours by t-he end of 'lugust"

Temperatures inside the cages were 2 to 4oC híçJl're:c than

the outside tempera'Luïes during sunny periods. These temperatur-e

records are presented in Appenclix XX ' '

2.3.42 Results

2 " 3.4l-2 Suita-bilil-v of host r¡lant- spe cies for c-:o.l-oni-zation

bl' A. ctaccivora alatae

one interestiug outcorne of ttris exper-inent wa-s th¿rt

colonies of A. craccivora failed to develop on lucertre' Visible

colonies developed on conmcn burr medic, subterratreal-l clçver aud

broad beans, As the aLatae were confined in the leaf cages for 4

to 5 days, they produce<1 a few nynphs on lutcerne plallj:s ftur:inq thís

period. The colonizing al-atae walked off the lltcerne pJ-ants a'iLe-'r

the leaf cages were lemoved. The progeny laid by hhe coJor¡izjLng

ala.tae, developed into adults, but the a¡:h:Lds were har:c1ly ''¡isil¡l-e

on these plants. The number of alatae and apterae which Cisper:sec1

from four lucerne plants are pl:esented -ì-n Appendices Vtl and V:tTÏ

respectively.



Table 2.3 Air: temperaturcs during the tìì/'perirnelrbal per:iod

- 1978.

Ternpe.ra-tures j-n oC

Ilonth Mean
Maxímnn

IvIean
Ìi{i.ni-Inum

Averi;age
-l- I'Ii,n.

2.

May

June

,JuIy

August

18. 3

14.8

13.5

14. I

lI.6

ac)

8"1

Ttr

1.4.9

ri"9

10.8

10.8



'th.e r:esults inclicate t:r^¿o aspects oL- insect-p,l-arrlL -relatiorrsliip

hetwecn Ã" cracc-ivora ¿incl lucerne" !-ir:s-i:-ly, the colr:':i'i-z:-i-¡rg a'l atae

v¡a.Ll<ecl off t¡e pla¡ts but thej-r pïjogeny st-ayeç:l anci c()Itt)j"e-:'ie<1 c:levelopment

orr lucer.ne. Secondly, the persisl-e:rrce of a.phicls urrl---i .L '74 õ'ays eJ:t-(ì1:

coloniza.t-i-on indicaL.es thal- noi: all the aiiLerae j-e:tt -iucert-rtl plants'

'the accepL.ùnce of l-ucerne by ttie apterae $l.lctgestsl thet:luc-:Tfie c:an

sêr\¡e a-s an imporLa:rt yesource fo:: the srrr:vi,val- of jsclai:erl a:o-Lrirlres

of A. cracci.vora at ti-rnes when otÌrer far¡o,rr¿rÌ¡L.e hr¡sL pJ-airts i:re

scal:ce or al¡sent and c:speciarly in sumnters i'n sc'rr:tlt ?lu'¡;b¡i¡'1-ia' llli:i's

m-ight also l-ead to evolution r-lf a n€lw bíol:ype of this a'ph:ì.c1 v¿hic}l

cou-l-d colorrize and breed successfuily on lucerrle j-n t-he lr>ng ter:m'

The results, neverthe-l-ess, in,licai-.e that- Ìucerne is nr>t a

suitable host for col-oniz¿ttion and population rLeveloprne¡.¡t of the Soi¡t"h

East Australian biotype af A. craccivora. Sincre t'l-re coi-onizaticn <;n

lucerne in the experimental colcnies appear-'ec rnore of all a|t-efaci

clue to the leaf cages, the clata in Z\pperrdices VII a-ncl \¡"r-IT \4/ere

not iitcluded in the analysis of variance, carri-ecl out on l-he total

numbers of alatae and apter:ae whj-ch dispersecJ. from the ex¡:erimental

colonies.

2.3"422 Time of appeal:allce ancl gener atíc¡n stat.us of t-he fi-rst-

alata ny in the experimen ts-al- colonies

A. craccivoz'a has been reporLe,l Lo proi.r'uce a,l-ata .prcqony

within a shr>rl- period after colonizatiort of its host pl'arrt:s (Grl'-j'errez

et al- Lg'11,, L974a¡ Farrel-I 1976) . Jr¡hnson and Birl<s (19rro)

olcser:vedthattheprogenl¡ofalat¡rev'iviparacof¡I"c:i':ac<:ivot:awhj-ch

were laid during the la'Ler Ìralf of tlrej.r re1:roCuctive.l-.1'-T"e"s, <'lzveloped

intr¡ alal-ae on mature broad bc.an Jeaf di-scs" f'ur-t'her exl:erilnents
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(Jctirnson 1966a, t966b) rerveal.r:cl- t-.itaL rr-:ar-':,-ng co:lr1,i.'t-:Lt>ns w-i th 1.0-12 ht:ur

p¡otoperiod ¡:nd t5-'lgoC ivere fan¡cr.rï'alrl-e for al¿tt-a rfeveloptnei:t-- .in titis

aphi<l . These ::e.:;ul-Ls; irrçli.ecì- tll¿:t r:olo'irj.es of ll . c:raccittQ):¿¡ ¡ i.nil-i¿ll,ercJ

cluring late auturi,n anct eari-y t¡¡j-nter, c:c¡tlld proclrrcre ¿r-].ata p':olieny in

the first g'eiter:at:Lon on suÌ¡tierranea¡ c.lover a.ricr necij-c plan];s ili

the temperate leglrme past--ures c¡f Soutìr ltaste::n ^Aust-L:alia- Tlris

hypothesis. horvever:, has ¡rot- bec+rr test-i:cl erç:Lri.cal-Liz it't t:lie fir-Ìd anci

this experimelll- pro..'ided arr excel-l-ent o1:portunit:Y ¡-- l:t':l-ri iL. l'.t- $as

interesting to do so. because a pos-it-.J.=,.2c eviclertc;e jn tl::i.s direr:L-ion

woul.d. lot only confirm t-he fj-n<lings of Johnsoir anC lSj.rlcs (1960) ¿:.liC

Jc;l:¡son (:l 965, J-966a, 1966b) regariìj-ng rhe nter:ha¡rj:;m of clino.rFh-ism

i¡r th-is anholocycl,ic aphid, but wor.rld a.Lso revea.L'Lhtr e?ltent of

plasticity and physioLogica.l sens:it.-ivity of t--h.i-- insect, to prclC'ut:e

vtinged forms ii: its natura-L po-pulat-ions in lesporrse t:o ce¡:ta-ì-¡r

e¡rvironmental fac'tol:s. Frrrl-lier', f'Icn än ecologica]- poi-nt of r¡i-ew,

the p:rod.rrction of v,ringed plogeny:i-n the first ge;:er:nt-.ion in tlia

cc¡lonies rvould also sign.'lfy the extent of a<laptat.Lon cf this e..phiC to

the epheneral- and cliscontinuous pa'b-ches: crf íts habj.LaLs, ancl in th.i-s

context A. craccivora nriqht be regardecì j'.rstifi.abiy as a super-r'ri.gi:aut

specierj.

The e>'çci:iment.rL col-on,i-es we):e r)LJserrzed for uhe presence

of f-irst generation apierae at 2-3 cla1' -j'ntervals, dur-i.rrg {¿he secotrd

week after col-otrizatj-otr. Adr.rli apr.:erae were firr;t- observe'1 ;¡-t

lri days in a- ferv col.onies. ,TIII co-i.onÍes.in ttre big ceges wer.e

observed at tB ciüys and thos¡'in the sILlaJ-] cages aE L9 dayso for- +*hs

p-resence or a-bsence of adu.Lt- "rpterae arld t-Ìrir<1 an<l fourth -instar

alatil:orrn nyrrq>hs" Thi: r:es";ull-s are prÊ-qe¡rtcrd j-n 'Iahfes 2"31 a¡^'a 2"32.



observations on the appearance of f:Lrst generation
apterae an<l alatiform nymphs i¡i the colonies in the
big cages IB days after start of the experímen'E -
1978.

Plants with
alatiform nymphs

o
J

5
t]

û
o
c

0
0
1
5

2

3
4
5

7
4
5
B

3

3

o

I
5
7

7

6
4
I
4

Broad bean

I
2
4
I

I
2
4

I
2
4
I

1
2

4
I

I
7

5
B

I
6
3

7
7
I
7

I
5
I
6



'f'ab l-e 2 .32 . Observations olr the appearance of first geileration
apterae and alat-iform nymphs in the colonies in the
smal.L cages J-9 Cays after: sta::t of t-.he experimerlt -
1978.

Host plant
species

Colonisation
clensity

(a1atae,/plant)
Total plants Plan1-s with

ô-pterae
Pl-ants rvith

alatíform nymphs

3
I,IJ

2

4*

2
4

I
3
4
1

4
4
4
4

4
4
4

4
4
4
2

4
4
4
4

4
4
4
4

t
z
4
B

l-
z
4

Common burr
rnedic

Lucer:ne

Subterranean
clover

Broad bean

0
0
I

0
0
I
2

I
4
4
4

4
4
4
4

I
2
4
B

l_
.)

4
8

:k PIan'Es wi.th teneral aliltae also.
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Al_a,t.-if-orrn nyrrçhs ¿Ìrncngi the fi::s'r: genet:ati-on *.plr-iris v;fcre

obse:rverj. i¡r tr,os;'t of the co:Loiiies exceìlL tirose i¡ij-tiated l:y L r:nd 2

alat¿¡e orr -Luceïne a-ncf gubf:e:¡:'ranean <:lover. l¡il:st: getreÏa'.-ì:Ì-c)rr ¿J-1t-¿l'be-e

(f-eurer:¿rl-s) wer:e also ob:iE-.1'v<:rì .in the c<¡Io¡j-es j-nj-Liate<l by 2 and 8

al¿l.bae Ðn cLìrünon bu::r ¡nedic. It appears froill the resul.ts't:hai: the

í¡J-luc:rlce of t--li,e preriai.l-inq low Lelrpe.ri:tures (mean -' ISOC) and 'ìhL)r't-

pìrotr:period (lO hi:s 15 mj.ns) ,¡ncL the age of comm¡rI: bi-r-rl me.f:Lc,rrtcl

br.oad bean i>Iarr.i-s (5 weeks), over.-rocle Llie -irrf-l.ur:t-lcc' of j-níLi-¿r-i-

colorliza-ùion detrcit;z (per: p-La.r:t) on al-at¿i delte¡'rnir,¡:l:-ir:n :Ln the

eäperimet:i;¿rl- col-on:Les " The aþst:nce of alatifo;:m nynphs j-n the cl'i'c'irj-os

-j-nitiatecl by I and 2. al-¿itae or1 l"ucerne anci su.bterr:¿Lnearr c.Lover,' fiÙwe'/er,

StlggeSts that the prevail-in9' low ten.l:er:at:ures, shorL photopr:r:i..cct arld

t-he age of the host pt.ants n cli<j not provi-de enough stj.irr-ri:L Ilècessãr)z

for a1a-ta ¿ete¡minatioi-r up 'tcl 20 days after colorriz;aLj-on. The influeitce

of j-nitjal colonizat-ion clensities of 4 and I alat-ae per nlant-, hovJe'Yei:,

appears to have compl-uuerited the alata deter:mininq infL-lerices of the

prevai-Ling rveather and the host plant age on luce::ne and subl:erranean

clove::.

The a,bsence of 1-hir:d a.nd fourth ins't-ar alatj,form nylrphs irl

the colonies initiated J:r1z L and 2 alatae on lucerne and subier::aneau

clover clt>es nol ru.le out the ¡:ossibility tlrat fj.rsl- generatj-on alatiform

nylrrphs appeared later than tl'¡e tgch oay. Ho\'feveÏ, it rvoulcl br: d.if:ficull¿

t-o ascertail the genc:ratioïì Status of these ny-nq>hs; becatrse of thc: r;air'e

aged second gerrera.¡iol irymphs produce,cl by the fj.rst cì'enÈj:atl'-on apt'e::ae'

The r:esul-ts prei;e:n'ted- in this section, nevertheless, indicate

an i:crteracticn betweetr r-he j.nít-ial colonizã-tion densities and t--he host

pleint spe.c.ies wit-h reference to thc¡-ì-r -r.nfl.uel:cc on alat¿r clete:rrr-rinat'Ìr.rrr



55"

in colonies of ¿.. crac:ci,vc,¡-a at: a given age of hos'b plar:its {5 v¡eeks)

and the same weathel; condj-ti¡:ns (early l^¡inte::) ' as pi:eva-:Ll-ed- cirrri.nçt

this exper-'inrent.

2 " 3.43, qigpggÉ'_el _þy- i¿ä.!_aq

2 "3 " 43-A: Time i-nte rvai J>elweeit col.onization and .che start cf

al-ata cli.spe.ì:sal-

As menlioned earlier, thi.rd and fourth instar alatifor¡n

nymphs vrere recor:o.ed in the colonies at 16'to 20 days afte.r: colorrj-z¿'.tion,

but dispersaì by ther alatae \^¡as uot observed, unti.l- after 35 days"

lrlany alatae dispersed. r+ithin the cages al 42 dal'5 " Since the cagc's

were not obseïved between 35 ancl 42 d,ays, i-t is not known vrhen <lisp'ersa1

startecl in the inclividual cages. Hower¡er' the start of disper:sal

in each cage can be estimated by extrapolatj.ng the curves of Fi-gurr:s;

2.34,2.35 arrd 2.36 back to the a-bcissa. The resul-ts (Table 2.-13)

show that neither the colonization densitj-es nor the h.ost plant' specj-es

infl-uenced the time of a.lat,a dispersal in t--he experinental colonies

on Conìmcrr bur:r med-j-c, subterranean clover ancl brOad beans. Hol<'-ver,

the col-onj-es init-iat-ed rvith B alatae on these host plants were first

in this respect. T'he more or fess simr.rl-tanecus start r-¡f alai--a C-ie;persaì-

1n the experimental colonies suggests ttre synchronising influence o.í:

the prevaíling weather on al.e¡ta production and dispersal. in this; al-)hid.

2.3.43-Rz Rate t¡f díspersal of ala.tae

O¡e of the objecÈj-ves of this exper-i-mellt v¡as to quanL-tfy

the::ate of clispersal of a.l-atae in the e:<per:i-mc:nt¿r1 col.onies" As t-l-re

po¡:uiation growth in colonies of ¡1 . craccivoz'a is exponentiaf (see

Sectícn 2.2.31-B), t'he rate of rlj-spersal cf alatae mÍght be expecbr.:d



Tabl-e 2"33. The start of alata dispers;al in the experimental-
colonies - 1979.

IIost-. plant
sper;ies

Colcni.sation
densi-ty'

(al-atae/p,l.ant)

Dair-c ¡e alata
clíspersa,-l-

Comnron burr me,lic

Lucerne

Subterrancran clover

Broad bean

I
z
4
I

I
2
4

l_

2
4
I

I
2

4
8

42
42_

4A
?ô
JJ

48
42
52

42
+z
42.

39

42
4I
40
4I
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to vð,ry wi.th the jnit..ia1 col-r:nj-z;aì:icn oensiiy oj? its colonies, at leasl.

for a short period. The results of this experìmeni- p¡ov-i-d.ed a¡

opporb-uniLy to test ttr:i-s hypol-hesis" l"Íea¡r r¿rtes o:í c-Ís¡-rersiÌl of

afata.e per day peï colony, fo:: the exper:iment-al ct>lc¡rri,es on colnnÌcrli

burr meclic, slrbterranean c.l,cìver antf broad Lrean are pr:esentr:ci irr l"iç;r-rres

2.31, 2.32 anð" 2.33" The r:at-.es were c¿r]-culated fo.r errer:y six r1a1zs

from the respectíve cumrrlative crtrves of total alat-.ae which <-l.ispei:sed

from a colony, ,sta::Ling frour tire fiL:st-. day of clispersal (Fj-gu::es

2.34ì 2"35 and 2.36).

TÞcl features of âf.at.a dispersal are evj.clenl f.r'om these I''-igr'rres

(2.3r, 2.32 and 2.33). Firstty tþe rate oÍ- ala.ta ri,i.spersal- i,¡ the

colonies initiated. by 4 and I alat-.ae oIr comÌnon buri rneclic: and sui¡tezranean

clover \^/as approximate.llz 2 to 3 times hj-gher tha-rrt-he :cate in the cc¡lonj.es

initiaLted by 1 and 2'alatae on these host plants for: the f-irst: 1.8 c1ays"

Similarly on Ì¡road bean the ::ate of di-spersal. in the colo¡r-ì-es i-nit;Late<l

with 2 , 4 and. 8 alatae v¡a-s 2 to 4 tj.mes higher l:han t-',ire rate in the.:

colonies, started wi'bh one alata fc¡r 54 clays. Secondiyr many cc:lonies'

with 4 and I al-atae sustaj-rrecl alata cutput for a shcr:t-er per,iod than the

coronies wít-h r and 2 alatae, because the hc¡st F-l-a:rts v¡ii"ir 4 ''rnd B

alatae colJ-apsed ear:Iier.

The combination of higher: rates of clispersal and a sllcrt--er

period of dispersal in the col-onies iniLiated by more tha.r) one aiata'

compa.recl wiLh lower rates of clispersal ovev a Lorr'J perj-oc1 in the

coionies in-i-tiated with one a1ata, appears ''¿o have no sígnifica¡lt: ef.fect

on the total number-'¡lf alatae which d:ispersed from a hosì: ¡:Iant. These

results thus suggest the bransíerrL na'Lure of these host plant specíes

ancl <lefirre the concept of a- fi-ni-te clr-?r:}¡inç¡ capacitl' of a host ¡:lant;



I¡i.qure 2.3).2 "Me¿ìn rates of d:Lspc¡:rs¿r1 of al-at-ae (per: col,orry

per da.y) in relat-j-on to di-sper:sa..I per-iod, -in
tlle c-.xi,:eritnenl-.¡.ì colonjes ol-r corTùnon brrri: tteclic

(l,Ledi.cdgo poJgnc,rplta r/aL. vu..l.gar is) .

Ml , 112, lu14 and MB r:cpr:esent colonies i-n-itj_atec1

\^rj-bh 1, 2, 4 an"d I ¿rl-atae"

*Mean c¡f 4 c,o.lon-ies (rates calcu--lated foi: eveiry

6 days).
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frigur:e 2 , 32 r,l4ean rat-e;s c.'f rti'spers;aI cif a:l-e-'Lae (per colony

per i{ay) ir-r rel ai-j-ot) 't.o clispei:sa1 ¡tcr:j-crcl in the

experiinenJ:¿rl colonies on subberrðnc'.arr cl-c¡ver

(Tt' i f o J- ittrn s u.I;l:er :r'aneuru) .

SCl.l , SC2¡ SC4 and lìCB rept:esenl- colovries

in-itiated wi';-lt 7-, 2, 4 ana I alatac.
*Mr:an of 4 co-Lonies; I4c:¿rn of 2 colonies for SCB

(r:at-es c¿rl-clrl.¿;. |-ed for every 6 days).
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¡'iqurc 2.33: *M¡:an r¿rtes; of di.spcrsi¿rf of afa,'l-ae (perr r-:o-l-ony

per clay) i.n ::el.at-i-on to disirerr;a-1 pe:r-i.ccrr in ì-Jre

exl-.er: j,nìental. colorij es on Ì¡road beans (Vj.c j ¿t

f ¿¿ba f'.) "

13L¡ 'f32, R4 a-ncJ 138 re¡_rreseni: co-t.oriies -initj.ateC w:LLh

L, 2, 4 and I afatae.
*Mean of 4 col-o¡ries (::;ri:es Ç-alcrr,l aLed foi: e..¡a.ry-

6 days).
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Figure 2.34t *Mean cumìrfative numbers of alatae wl-rich dispersed

frorn the ex-per:i-ment:ai col-onies on colnmon bur--r medic

(Medicago pcl-gmorpha var: " vuTgaris) in relation to
cl:i spersal period.
1"11 ¡ M2, M4 ;rn<l MB represent colon:Les initiated wíth
I, 2, 4 ancl B al-at-ae.
*'Iilean of 4 colonies. lD, 2D, 3D and. 4D indicate
cle.eth of I, 2u 3 and 4 host plants.
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Figurer 2"35: *lr4ean cumulative tlut'nbers of alatae which dispe::sed

from the experirr,ental colorr-re-s on s'¿bterranean

clover (Tril:oLium subterrar¡eum) in relation to
dispersal- period " Scl , SC2 ' SC4 and SCB represenf-

co]-cnies initj-¿lLed with J., 2 ' 4 and B alatae.
*Mean of, 4, colonj-es; mean of 2 colonies for SC8"

P = Parasitized ¿phids seerr"

lD, 2D , 3D ancl 4D j-ndicat-e cleath of l, 2- , 3 and 4

host plalts"
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Figu.,re 2.36: *.Ì,le¿ì.:Lr cunrulat:Lvc nrr.nl)evis o:i' ¿r.l-¿rtae whi ch dispe::ser.i

fr:ctrrl,'-re exper-i-meirta-l- col.onies olr b::o¿rd l:eatis

(Iri cia f aba L " ) j-n ::eration .Lo clisper- si- 1 per:iod.

Bl-, B'2, Il4 arrd I38 represent- col-onies init--ia.tecl

\'¿j-th 1.. 2, 4 ailil, B aiaL.¿re.

*Me¡ln of 4 cof o:ni.es "

P == Parasiti.z,ecl apbi-<1.s seen.

fD, 2D,3D ancl 4l-r indicat-e cieath of I,2.,3 anil

4 trost pl-ants.
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tirey ;ilso excllclc the possì.bj.i-j-ty o1' L-.ire e,'qist(ìncre of ar-r jLtLr¿tl:l:e)<l:Lf:'tc

conpet-i.tion or stabili-sinq mechanism solely <lue 'Lo popuJ-al-ion <1eirs-i-i'y'

Ín .blre colonies of. A. c¡:aç.:cív.ora. Thes:e concl.us:L;ns gel- sr.-çirc::Ì: :Í:r.r:,in

t]re ::esrrlts of tlirc fo1l.o,,ù:i.rlg sect--ions aIso, v;hi cJ: cfu:-'cr.Ll:c the aneÌ.y:';is

¡f varia¡ce of t-.he total i1¡nú)ers of. al-¿it-.ac:. apterae ancl ailulti; v¡h.i<:ir

ctispersecl flom t-he experilnellt:al co'Loníes"

2 .3 " 43-C: Arra-l-ysis of v¿Lri,atrce of Lhe tcrtaf di.s¡'lersed ¿ì-l-¿,rt-e*e

As r,lentioned iir tlte 'I,trethocist (sectiorr 2.3"2-G). c'acli cÍ

the l6 snral_l c-j¿r-qefì had 4 r;eplícates of orle colouj.zeti.crrr cie,:rls:;,Ly ot:r oue

hos'tplan'tspe,c::i-es-'rherewereonlyi:v¡osul:terrelteanclQ'"e-rp-larits

with I alatae ea-ch. The afatae whj-ch tlispet::sed frr¡intho plant.s r;'¡-j-t-hj-l:

a ca-ge were coïr¡ted ancl::ernoved at fïequent ínter:vals, start-;i-rrc-J f¡:crtl '.ì2

days until all the plants in a cage perì,sheC or: the colonies lvercr 106

<larys otcl . Not-- ¿rl1 the plairts in a caç;e co-Llapsed sirnuÌtarrc:o'.-rsl.y-

Of. t-]re 4 coj-onies initj-ated v¡ith one e]-ata, t',vo on coliln-.otì but:rr nit:iìic,

three t>n su]¡te¡rlanean c-lover and one on broa,d bean wer:e stj-ll ttain'"a.:i-i;i-;ig

an output- of al-at-¿.re and apterae v¿hen'bhe observatj-ons \{ere !ì'Lopi)ed"

Obviously. these colonies must have proclucecl nany alata-e and- apt:erarì

than their recoi:decl nurnbers, However, aS these plant-s \v.'ere õ'ilso

co1-l,apsing, thej.r adclj.tional output of aphids was probabiy .sru'a1l--

Since either four or two plan'bs relrïesenting a coLon.izaÌ:io¡r

d.ensity on a. host pJ-ant speices were placed in one c¡rge, there was l-ìcr

way of ascertaining how nt.rny alat-ae acttlally c1j-sper:Sed frcn each of

the 1>lants within a cage" The nunrber of alatae which dj-s;pe::l:ed f::c:n

a plant coulcl be cal,culated oniy by taking ö- Inea{¡ of th+ tc;ta-ì- alaLac

whiclr hacl rrispersed j-rr a caqe. l-n ot-her r'rolîds, it røas ìlot possible

Lo detect any vaïj-ation between tl-ie nr,r-;rrb¿:l of al-aLae wh.i.ch had ili-l;pe:::'it:d
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f::i:ltr r-:¿rciL ¡:lo-nt aS Jc.rng as a.l.l the p-l-zinLs ln ä cagie stlrvi'"'cci" T'he

orriy t¿6riati-o¡r i¡ thjst l:er.$!ìect rü¿rs Iross:i-ble ch.ie t..l the r:leati: of i:he

pJ-:.rn i:s a-t d i f 1:e::ent: t j^r¡,::; . T.'tlosr': coll-aI)Sed -l-ater, ;tpll¿i'7-'elì t-'Ly pL:ociucecì

m.any aJ. at¿Ìe: (!'i.gur:es 2 "'34 , 2 . 35 and 2 .36) ' 1'he spaiiaJ- alrl:r1ì1genl'cnt

of hosb ¡r.l;ints, t--hus inposed ¿i ma:ier const-.rêilìt on tltcr aina-Lltsi-s of

variance of î-he total. ê]-¿ìtae which clispersed fr:otn a colony, -ì-ir t-.]:ab,

an indivicìrurJ- pì-ant vrit--hirl è cacjc-r c;ou.Ld. nol- be regard.ed äs ilrì j.rrrlei-'ettrJ-elit

reïrliCiäl:e f6:: ì:h:i-s -Lr1illpos(:" lìa.cl the plants been p,1-acecl s:inqilr in 't--]''e

c;ìge)s .. it v¡.¡ul-rL h;rye ìoec:n ¡,rossible and a¡>J:ro;rri-ate to reclirrd theiL'r ;'s

inde¡te:nc'l.ent i-ep1Í-cates" The c.rn11'' tv¡o subLel:r"al1eal1 clorreT pì-c'i:i:s

r^rj-th B a,-LaLac eacÌr, also constit-.riLed a mir¡oï cons't-r¿'.ii1t- in tb-is ïespect"

ip¡e anal..ysis of valiance colrl-d therefore be carried ot¡t liì-:)on¡

eithrer the tot.a]- nurnbl:r of al atae r,/hich d-ispersed from a' caçie o:l: the

mearr crunltlati.'¡r: uumber of alat¿rer Ça1culate-C to ]-'lar¡e dis¡:e::sed fro;lt a

plant wÍth-i-n a ca(Jq, The lat"ter st-atistic was rrsed for-' tì're arreil.-'vs:is.

The mean number: of ala1-a,e v¡h-ich clisperse'J frorn a plant j-n each cacte aYe

presented J-n Appendices fX, X and XT respectively, f-or: cor,lixorr Ì>urr: rnectic,

subterrauean cl-over a¡rc1 bro¿rd beans "

Orre of the conditions: llecesrìery for the a.nalysis of I'atio-rrce

is the in<lependence of the variaDce fronr the mean. The rel-ati-onshi'p

betrveen.L-.he mea-n a-nrl. t;he rzari-ance i-n the highly aggregated dist::ibutions

ir: inseci:s has Lreen shown to obey a llorder lav/ (Tayl-ol: 1961 ¡ 19654) and

l-¡is rel-ati.<lnship ¡as been demonsLr:a.t'eri forl;he counts uf t-.he cabbage äpìric1

Brevicorgne bra-ssicae ¿rlso (Flal"man ancl Lorve i96l-) . Tlhe to'LaL number of

alatae whicl* dj-spersecl frr:in the ex-pe:rimental c:oloni-es wE:L:e t-rat¡sfor:rnr:d

by r-r.sing logarithtns, to mininrj-se the <lepetrdence of varia.ncLl on the meano
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if any, The analysj-s of veri.arlcìcl was t:arrie<l ou'L on tlle ntearis r-'f

tìie trans:Formed data ('Îab"Le 2"35).

Two-way analysj-s of varj-;;rrce \1Tas carried or¡-t to ¿-rnswei:

tl'le follorvinq qu.esf-iorrs: (l) rvere l-Ìte::e al1y significarrt cj-j:fer:enc:f-rE

ar0ong the host ptanÈ species; ¿rnd (2J v¡<:re there a-ny siglifica-nt

d-ifferr¡nces ar0c)ng the ini.ti.rl colonit;ei{:itltr densifíes, iu respect of

the tcj.bal ¿il-l¿'Lae, whicì.r dis¡lerse-:d from t-he expeÏ'jlrtental colonies?

Tl're anal.¿sis of variance (TabIe 2'"3t') i¡ldicatc'd si'En:ifi'-anl-

differ.:rrces (P : 0"05) between hr:'st plant- speicies" Calcu]-al;ion of t-'hr:

leas.L signiÍ:icant clíffe-rr:nce (r,.s"D. ) for tire dj-fj:erences l:eLween host

plants (lablr: 2.35) shorvs that sígnificant.Ì-y r'iore ala-t-ae r¡r'cl:e prt:cìr'rc<:cì'

on br:cacl bean ancl coru-non k¡urr medic t-han on sr:bterranearÌ clover:' T-'h¡r:re

vJas no sj-ç¡nific:ant clj.ffere).1Çe beLv/een broad l:ean and cor'Ûnr)n J:urr mecl:i'c'

These resulbs suggesÈ that- tire aerial ahunclanse of Ä" cz'acc:i-va'¡-''t

alata-e in a r:egion may be dependent upon the alata prçcr:ci ll9 c¿llJ¡'c-iti esl

of its host plants. These resuits d-o ncyL provide anlz evir'ìev¡ce for

íntraspecific competitiorr j-n tlre e>lpe:liment--al- col-onies oi '4 ' cracc:i-vr¡;:a

wllich were initiai-ecl v¡jth 2, 4 and I afat-ae. Tiris means that

A. c1dcaivora has evolved- to utilize tlie ava"ilable brarrsi-e:nt food

resources mc:-rt- efficieltly to í'Ls advantage, as far aS al¿Itä ¡:'roducticrr

and alata clispersal ¿ìl;e collúr:rned'

2.3.44: DisPersal bY aP-¡¡i¡o*

2.3.44-A: Anal-Ysis cf vari .nce of t-he total disPersed apter-¡¿r-:

ttre Lotal z1 . craccivoz-a apterae v¡h-i-ch <lisperserct from the

experimental co-l-onj-es ar:e pr:esented in Ta-bie 2.36. 'Ihesr: f:iqures



Tab]e 2"34. ?\na1ysís of var:i-arrce (on l:ransformed clata) fo::
cotnparison of the effects of hosi, ¡rla-nL strrecitsrs anrl
initial co.l-onisat-ion densiti.es on the cermul-a.1-ive nu.inbe.¿s

of alat--ae of apJrr.s cracc-ivot:a, produce,l h1z and clispelsed
from L.he experimental- colcnies - 1978"

Source of variatron DF ÞÞ IvIl; r P

I-lost pl.ant species

Colonisation clensity

Error

Total

.)

3

6

0.26801 0.1340i- 5.7C:;i 0.05

I1

0.04583 0.0i528 0. fi50l' I\.í)

0. l_4094 0.o2349

o. ¿i5478



TabJ-e 2.35. Iqean crimulative nurnbers of alatae of Äpåis crdccivoz'¿t,
procluced by and dispersed per plant, on three host plant
specicls at four-' -i-nitj-al cofonisation clensitie¡; - 19'/8"

Iìost plant species
Initial colonisation deirsity (al¿itae per plant)

T24B

Cor,unon burr: meclic

Sul¡terranean clover

Broad bean

(a)

(b)

2B5l

3"440

1840

3.26¿L

1837

3 "263

3765

3.565

1833

3.260

3187

3. 50r

2256

3,353

952

2 "961

4506

3.65r

3040

3 .480

l_660

3.2I5

!,569

3.652

(a)

(b)

(a)

(b)

(a) = Untransformed data
(b) = 'rransformed data

L"S.D. (host plant species) at 5% = 0.265

Broad be¡rn cornmon burr ¡nedic Sr'ù:terräne¿ì.n clover

3.L153.5L7 3 .460Log. mean for
host plant species



(:¡ iJ .

confi:rflr L.]re r:els,-r.ll:s of: the first ex-periirter]t (sec: Se<:'Lioir .l .2 ,3r:') and

both 'Lhe É).up€lrilnent-:; have establjshed aptercrus dj.sp(:j.rsð-1 ôs aLrr :Lnt-eç¡r'al

comporrenl; of d-is¡rel:rie-l J:¡ehaviout: ín this âphid"

f*wc-1.,2;ly analysis r:f va::iance on L.he trarlsforme¿iL ,la'i:¿r (T¿l.Lile

2.37) sho.vrrJdi that neither the host plnnt species nor the iniÌ:j-a.l.

colonization densities had any s:'-gnifi<:ant: j-irfluence on tlic tot¿:1 a,p1;s;;as

which ciispor:,secl from the expeTinìental coJ-onies. ÀÞt-e.r-r.rtrs c15.s¡re.rL:aì- j.n

tlre col-onieis c¡f A" ct-'accivoran therefore, can he regar:dec1 iìg an r:ssentj-al

but rand-om behaviorrr, an,J mj.ghL be a facu-l.tat-ive resp.,rr€ie of. t-lic arpte::ae

to the specific condil-ions witlrj-n a colc)ny o¡r a ho:;L p,J-arrt" 'f.lter results

of the follovr-ing sections qualify tllese c:'fnc.l.ul-rioris"

2.3"14-B: Apterous dispersal ,Ln relat-j.r.ln to ini-r,j-a-l c:ol-nrrizatj-on

qg"stly

I¡igr-rres 2.37, 2.38 and 2"39 p::esct-rt the c'¡rnulaí-i'¡e c\:',:ves

for the mean numhe:i:s of lI . craccj-vora ap1:erae which. dispe::sed. frt>ri eacr^

of the experj-mental. col.onies on colíuiion burr rnedic, subt-err.ureô,n cìr>ve:r

and broad..bean. Tt is apparent from thes;e curves tliat the niìniÌ-ior-- o:f

dispersed apterae from the col-onies initiated by 2, ¿i ano [ì aira.tae,

were hj-gher than the apterae which d.isperseC f::orn i:he co-Lonir:s.in.it;i.al:eci

with one alata" This means that tht: rate of dis¡re::sal- cf apterac:

of A. craccivorä hras positively .influeircecl ìry t-he initía.l ccloni.zat.ierì

density in the exper-i.rnen+-al c':olonies. The coion-ies cn sub¡e-rril-ì1(r¿rn

clover clemonr.;trate a c-Lee-r:cut positj-ve relations?r.ip in this respe,::t"

This influence nuì-ght be because of the high nunbers of apterae in the

colo¡ries init-i-ated with many alat¿:e. The posi"tive effecL of initial



'i'ab l.e 2 .36 . Mean crxnulatj-ve numbers of aptera.e of Aphis c-racc-tlrotã. t
produced by arrd. dispe::serJ per plant, on three hcst pJ-ant
species at four inítj-al. colonisal-ion derrsities - 1978.

llost plant species
Initíal colonísation densi-ty

l2
(al-aùae per plan+:)

48

Corunon burr medic (a)

(b)

Subterranean clover (a)

(b)

Broad. bean (a)

(b)

287

2.396

tB0

2.2.t"5

l_83

2 "263

308

2.442

272

2.426

4l-6

2.613

141

2. 13.r

19s

2.223

565

2.'i52

325

2.485

363

2.557

503

2. C¡89

(a)

(b)

Untransformed data

Transforrned data



Analysis of var:iance (on transformed data) for
comparison of the effects of host plant species and
-ì.niLiaI colonisation dens.i-ties on the cumulative numl:ers
of apterae of Aphis cxaccivo.l'a, produced by and tlispersed
from the experim-ental colonies - 1978.

Source of variation DF SS MS }- P

Host plant species

ColonisatS.on density 3

6

0.L2456 0.06228 2.3864 N.S.

o.13762 0.04587 1.7576 N.S.

0.15659 0.02610

2

11



F','i-c¡trrc 2. .3'i : ,.lrlfr:¡¡n culLLr-rJ-aL-ive nunibe}-s of apte.r.'ae wL:ri cil ili-rperse-c1

fr:oln the e,-,perirrtctit¿iL colonir:s on com;non bur":r: rtier,l-i.c

(1,1ec1.ícatgct poJ-gtnorpha \¡a-r " vuJgaris in ::e-l.at.i on to
clisper:sal- per:i od-.

I-tl , I'42 , iui4, and I'iB lîepres.jr-rt c;crlon:l es; :i-rritiat:e d ',;v:ltì-i

lL, '2, 4 a¡rcl B a-'l-ata-e.

*l4ean of /+ ccll-onies"

JD, 2:D , 3D and 4D irrcl ic¿.te death of: 7- , i) , 3 a,nd.

4 host plan't-s.
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Figr,rre 2.382 *Mean cumulative numbelîs of apterae whi-ch d-i-spersed

from the exper:irnenl-¿r} colonies on subt--errâne¿rn clover
(Tr-ífoLíum subterraneuln) in rel-ation to clisper:sal

period.
SCI-, SiC2, SC4 and SCB ::epresent cc¡l-orties initi.a-ted

with I, 2. 4 and 8 aIata.e"
*Mean of 4 coloniesi mean of 2 cc¡lcnies for SC8.

1D, 2D,3D and 4D j-ndicate death of J-,2.t 3 and 4

host plants.
P = Parasitized aphids seelf.
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Fir-ît-ìt:c 2"39: *l'{ean curnr.r.l,a'L-ive ni-ililbr)rs of api-erae which d-:Ls:persr-rcl

froln the e>iperilnen'i:¿ri co:l.onies orl bl:oac1 ]rc;rns

(Vjc:i.a f aba I.") irr r,:<r-l-a,Lion t<¡ ciis¡-rersal pci:-ì.oci.

Bl-, 82, Il4 a,nrl 13B r:e¡::resent col.ouj-es -initia'ued lvith
l, 2, 4 and 8 alatae"
*l{ean of 4 colonies.
1ll , 2,D, 3D and 4D jni,licate clea.th of lt 21 3 and 4

hc>st pi;rul--s.

P = Par¿rsitize<l arphi.d.s seetf .
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colonizat-içn densj-ty cir the rate of a¡-rterous c-tjsperusJ-, lr.owevet:, ilc.res

nol- expiain ,satisf:acLoriJ-y the facul.'Lal--.ive Iìat\rl:e of irpl:errcus cìispe::s,:l-

2.3.44-C: erous; d rs;¿rl in reia"ti<¡n t.:c¡ host F Iarrt ¡;d;eci-r.-:s

/t meaningfrr-i unCe::stanclj-ng of tlre fa-cul'Latj-ve naLurt: of

a¡>terc.rus dispersal c¿in be gainccl by er cc>rni-la,ri.sç-¡n o:Ë t-hr.: crxnuJ-atr'-ve

cuïves of cli.spe.rsecl i-.Lpterae amorrg the th::i:e licst ¡-lJ,;irit: s1:c+c:-ì"es (jri-qiir:es

2.37, 2.38 anct 2.3g). T'he rnosh. stli.kinç¡ feature iri sucii, ¡r cotllDar=:json

j-s the time of sbart ancl tire pattc:rn c>f apLerous il .i-s:1:,e:isa-l' Eet'.verr,:it

60 ancl I50 apte::ae clispersr:cl untrl 6I days fr:onr Li:re coloniçrs jrl:i-1--i ¿lt=ii-

wi-th 2, 4 a¡r] 8 alatae on conmcir burr nied-jr-c, anrl k¡etroeetl 25 and )l ll0

apt-erae disperseC f::orn t-he colorríes c¡n srtJ:te.rr:*rrarun cf '¡t¡e::" Hci"t€jvert

the rnmber of apt-erae whj-cir dispeL:sed from the cc'.j-cnies ç)n broacl lreens

rurtil 61 dayss ranged Jretrveen 5 and 30 on1'¿; there-'a.ft-.cr:, t-he ra'l-'e Ðf

dispersa.l incr.eased co¡rside-r:ably. The c].e-[¿ri'ed apterorts cl-ispets:r1-

in the colonies initiated v''j.th 2, 4 and I alatae on bi:o.-,d Ì¡¿:aril=r c.1nìi!i;.

be due to less number of a.pterae in tirese coJuonj,es. f'here is no l:ea-sÜn

to presume that the aph-id populabi-ons in the c:olonies on b.rc;ad. bearrs

were any lo'øer than the correspondj-ng populatj.ons irl the cjol-oni es on

common burr medic ancl subterr¿r¡rea-n cl-ove:-. the resr¡Its cf +.-he fol-l or"'-i-ng

secti.on (seci-j6n 2"3.45) d.o nc¡'t- sltppori:. a-rry sr:cl.r assuny-'tj-orr"

As the broad bean pJ.ants pr:or¡i cl'e¡cl ¡r J-¿trcli'l: sllrf'3'ce area

for- the .r¡tte::ae to set:t.l.e ¿ind l;-..rvipos;j-t than Li.re .same a<l¿:cl ccrnicii] J:'u:rr

medic and suhtetrt-'ä:1eðrlr ciover plants, ii1 is likeJ-y that t-his feat:u¡:e c'":

trroad beans probaþJ.1,- d-el.ayed the a.¡:berous d5-l;persal . It: appears; frcn¡ l:he

crrmulative (--tlrves (Fiqures 2"37, 2-1 ,38 a¡¡d 2.39) tli¡.r't- ¡ J-a:--ge ilir;lrlre:t: o-F'
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the second generation apterae started to disperse from common burr

medic and subterranean crover, whereas a majority of the third

generation apterae started dispersar from broad beans. This means

that conditions in the coLonies on broad beans did not trigger apterous

dispersar untir the third generation apterae began to mature. The

delayed apterous dispersar on broad bean compared with the earty

dispersal on cornmon burr medic and subterranean clover. thus explains

saÈisfactorily the facultative nature of apterous dispersal- in the

colonies of Ä. craccivora with reference to the size and surface area

of the host plant species.

2.3.45: Analysis of variance of the total dispersed adult aphids

The mean cumulative nu¡nber of adurts (apterae + alatae)

of. e. craccivota, which dispersed from the experimental- col-onies are

presented in Tabre 2.39. Two-way analysis of variance on the

tra¡sformed data (Ta-ble 2.38) indicated that host plant species differed

significantly (P = O.05) in their capacities to produce .4. craccjvora

adults, whereas the initial col-onisation densities had no significant

effects in this respect. comparison between the host plant species

by the method of the least significant difference (fa¡te 2.39)

indicated that significantly many adults were produced on broad bean

than on subterranean clover. However, there were no significant

differences between broad bean a¡d common burr medic as wel-l- as between

common burr medic and subterranean clover in this respect.

These results provide sofid evidence in support of the

originar hypothesis of this research project that the abundance of



TabLe 2"38. Ànalysis of uariance (on tra¡rsfo::ned data) for
comparison of l-he effects of host pl-ant species and
initial cc¡lonisation densi+-ies on the cumulative nurnbers
of adults (apterae -t- atatae) of Apltis craccivora,
produced by and dispersed fronr the e.'xperinental
colonies - LglB"

Source of variation DF S5 T{S F P

Host plant species 2

Coloni.sation density

6

3

TotaI

o.2325L 0.11625 5.2324 0.05

0.05206 0.01735 0.7809 N.S.

0.I3330 0-02222

I1



Talt .Le 2 .39 " Ilean crünulative uumbers of adults of Aphis ctacc-ir'ora,
produced ):y anC di.spc+rserl per plarrt, on thr:ee host planb
species at four initial col-onisation densities - L978.

Host plant species
Initial colonisat-loir. dens,'i-ty (alatae per plant)

t 4 B2

Conrmon bur:r medic (a)

(b)

Subterranean clover (a)

(b)

Rloacl bean (a)

(b)

3138

3"479

2020

3. 305

2020

3. 304

407 3

3. 598

2105

3. 319

3603

3. 553

2397

3.379

L'|47

3. 036

5071

3.102

3365

3.523

2C23

3. 3Ol

5012.

-l .697

(a)

(b)

Untransformed data

Transformed. data

at 5e¡ 0.258

Subterraneca.n clovei:

3.240

L.S"D- (host ptant species)

Broad k¡ean

3"564

Common l¡urr medic

3"495Log. mean for
host pJ-ant species
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anholocyc.Lic ,4 " cracaivó'r¡1 j-n a. regi.ol c¿rn j:e expl-;rj ¡ed by t-he u,npe::

size of its colonies, prior tc d':Lsper:sal l¡)'t-he araLae anc-l a¡:ter're'

v¡hich in'burn is dctertnined' by the carrlzi-¡rg cc-iprìci'Li-es: of its iros;t'

plant specíes, As ment"ioned earlj.er (Sc':ctiorr 2"3.4-j*B) , therc -is

no evi.dence wh¿rtsoever in favoui: of -t-i're ex.i stence cÌ- any intr:asper;if-ic

cornpetition or stabjlising ¡necirauÌsm clue to h:Lgh popuiatj'on Cc-l'¡sj-+-j-es

in the ex,perimeutal co]-onies, as there \{er:e 11o lsi-gnif 'l-ca]ì'l- d-i-ffe::e¡lce.:s

in the tc¡tal nunbeLs of ad.ults, r¡hich m¿rtr-irr-rd ¿rn.f dis,''ìer:r:ecl frcrn Lhc

colonÍes initiaLecl r,r.ibh 1, 2, 4 and E alatae orr tlte-'Lliree host pj'titlt

species (faUte 2.38). Signif¡l-cant clíf f crerces j.n Lhis rc+spect d-j d

exist L¡etrveen the host plant specj,es (Tabi e 2 -35) a.ncr tiiis et¡'i(iencc:

defines the concept of limited or: fj-nite car:rying carpacj.ty' crf a

host pla¡t speci-es in t-he context of t-he nir¡nþer of adul'i:;i¡;hicll; r'"'Lrich

can be supported. ancl ¡:rocluced on it, 11.'he ee.r.'!-y death of prl¿¡¡t

(in the experimental colonies with 4 arld B al-atae) r:uggesi-'s l::lier

transient nature of these host piant species for A. t"t:¿tcci-voÏa"

2.3 "46: Ratios of total dispersed al-atae t-o ap-Ler:ae

A ratio of total a].atae to tot.al a¡;l:r:rar: is a crtrde

indj.cator of the proportion of alatae producerl. .i-n an a"phicr co.l-cny with

reference to the nurnlcers of apterae. -ïll're ratj-oc were calcul¿lt'c+c frorn

the total nunì.ber of alatae ('Ialcle 2"35) anrJ aptera'c (Table 2'36) vrhich

dispersecl from the ey,perilrlental col.c¡níes . Table 2 " 4 sh¡u's that host

plant spec-ies differed in this respect. T'he colL'fnies on cammon bul:I

medic p::oduced a higirer propo::tion cf ala.tae than the: colonies on

l:road ]reaus ¿lntl si:JcLerraneait clover'



1'ab l-e 2 .40 . Ratios of mean cumul-ative alata-e/mea.n cumtr.l-ative
apter:ne of åpJrrs ctac,-:j.vota, prociucecl i-,y and di.spersed
per: p1,ant in the exper:imental cr¿Ionies -' l-91 8.

FIosù planl- species
IniLial col-onisaLion density (alatae,/p1an'b)

I 4 B¿

Comir,crn burr meoic

Subterrarrean clover

l3r:oad trean

9. 93

LO.22 P

10.04 P

L2 "22

6.14

/.brr

16. 00

4"88

1-98

9"35

4.5'7

9.08 P

P Parasitized cofonies.
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f t is interestj.ng f-o not-,€r frorr lla-b-lt-e 2.4 th¡¡t parasi-t'-iz¿t't.:ì.t';rt

apparentl-y -increaseci the plropor:tj.o¡r r->:[ alatae which c]ispersed f::on l:he

ah.tacked ccrloni-es on both br:cad llea-ns and sub'terl:anean clover. 'Ih-is

is co¡rtrary to wha't niight be e>çected of Þarasibizabion - a dr:¿rsti.c

reclpction in the propo:rtion of 'l-he alal:ac+ v¡hich can rl:lsperse frorrr a

coì-ony (cutierrez et al . L9'74a.). It is likely that tire par:as-ìti:ri''tit>il

ha6 a relat-j.vely aclrr-erse effect on tJ:e ni¡¡rbers of dispel:si-rrgr a-pt-,et:;)e'

tha.n the clispersi-nç¡ alatae. In this way the recluc;ecl numlre.:ls of âpi:cir.ìc

which d.ispersed from thc parasihjzed colonies nicthi appar:entì,.y ì.nfJ-a1:tr-

tìre proportion of dispersed alat¿re.

These results r neverhheless, suggest that: fernirì"e pa-ra-s"i'l-es

nray disci:iminate l:etween apterc.,us ancl alatiform rnorphs in Lhr: cc.¡-l.ol::i-e.;

c-rf .4, crar:ciirota and appearbo prefer api.eror.rs aclults and. adt'a¡ic',e<,1.

apterj-f<-rr:m numpl.rs f:or: oviposition" Similar: obser:vstj.crns \i7el:cì alsc)

rna<Le dur'íng Experiment I (see Section 2.2"37) .

2"3.41: Propcrtions of disper:sed apterae

The proport'.ions of apterae among the adul.t aphids which

dispe.:rseó from the experimental col.onies are presented in îabfc 2-'4-.1-"

Tt appeai:s front Table 2.41 tirat-. higher proportions of apterae d.'i-spersed

from the col oni.es on subterranean clover than from the colonies on comirc-rn

Sgrr meiic ancl brcaC beans. The analysis of varÌ-ance, however, d<:es n.ot

indicate síg¡ificant differences .in this respect (fahte 2."42). -'ì-t is

als.¡ evi<lent frorn Lhe res;ul-ts (1'abl-e 2.4L) that t-he pr:oport.ions of

disperered apterae frcln the par:asj-tizecl colonies !'Iere not any dj-ffer:ent

from those whicþ dispe:rsed from the parasi'te-free co.Lonies. I'th¿rt do



Tabl-e: 2 .41- : Pe:lcentages of A. craacivora apterae which dispersed
from the experirnental coloni.es - 1978.

Host plant
species

Initial colonízation density (alatae per pl.anti

I B42

Conunon burr me.dic

Su.bterranean
clover

Broad bean

(a) 9. 15

(b) 3.02s

7 .51

2.757

8.91 P 12.92

2 -945 3 -594

9"06 P l-1.55

3. 010 3. 399

(a)

(b)

(a)

(b)

5.88

2.425

17.00

4.L23

11.14

3. 338

9. 66

3. r08

J.'7 "94

4.235

9.92 P

3"150

(a)

(b)

P

Untransformed percentages .

Square root transformations.

Parasi.tized coLoníes.



Tabl.e 2 .42 : zlnalysis of varj i,r.nce (on transfor:nted data) for
conç>ar:-ison of t-he effect:s of host ¡:l,anL s¡recj-es
and in.j.Lial coi.crrizatj-on ilensit.ies on t-he pet:ceìnLages;
of A. craccivara a.1:terae wh:ich dispersed fr:om the
experimental colon:i es - 1978.

Sour:ce of \¡a-r:iati.on DT' SS MS F t:

Ilost plant species

CoIoni-zatíon
densi L:Les

Etrar

TotaI

2

3

L.65116 0.82738 4.9754

0.36659 O.12220 0.7348

6 o"99777 0.L6629

1I 3"OL9r2

I\i. S

N"S



útr "

i:.hese r:<lsul'l-s inclica.t-.e:i s th¿rt ¿rssessmeni-"s of a,L.at-,¡i prociuc:.ing c:aìral.i t:i-es

¡>f A" c:rac:cir.'ora co]onii.:s, Ìrast:cl or-r ::¿r.hics clf cl.ispersecl a.r_a.Lae to lipte,:r:cie,

can J¡e nii-sl eadinçJ (Sect--j-on ,:. .3 " 46) ,,

2 " 3 - 48, "LefeH.-oj1ql]]pjp_!-y:-e. c,L,l:,ç]IiB-e,:j,rÏgÍi -¿)rlg-.p_gp_L]]S_LlÐL,q{_?!iu.1

Day-deç¡rees a.bovc: the t-hresTr<.r.i<ì temÌ:erature (B.3oC) "'/orc

a.ccumulated fror,l the rnax.irnutn e-nd ujrrim',ni temper:atu.resf l:ecor<leð :i nsj.1,"

the fiel.d Çages (see irp¡rencli:t XX) , 1.-r1r usj-uÇ a c-:orlìpu.'Le:: p-rt,<;ra-,.r if't'tr::,o:i

and Gil-bert ).976) " TÏ.ris progl:aiï draws a sine rJurve frorn rn.i-lr-i:ni.lti t-.c-'

itraximunr teinperatures and integratcs ihe arearì r¡f t-h<: r.jnÌ:."re ab,t'/e thi.:'L"h-r.'esÌrcrl-c,i

temperature "

It is evident from AppenC-j-x XX that 72 clai;-¿.ntecii i!'íjre rgr-jti.,-. I

for ccm¡rlet-.ion of onc-. c¡eneration (apterae) and 83 to 92 iLay'-'cleg::ees wertj

needed for maturati.orr of the first alatae in the e:l¡ez:i-lrrei¡ta-L cr.>.Joni-r.i;.

These results (in the fiel-d cages) correspond well wj-th tile i:esrul-ts oir

tbe rate of dc;vel-opnient of this a¡rhid at coi-rstant t-etiperÐ-i-.ìrïes; (Gìi;i.--i er.rr:*:z

et aL" lgl:L, I974a) .

Alata <lispersal in tj:e cages rvas o]¡serveC at 163 day-dcçreesj

afl-er the íncept.ion of the colonies and the plants in the bj.g cagc:s iç¡:re

harvested at L92 day-degre<¡s for population counts (appencij.x xx) .

2.3"492 Populations c¡f th.e c<¡]oní.es sar,tplecl a'L'. 46 da]'s

Às meni:ionecl e¿rrl-ier (see Sectian 2.3"2-G) , l-here were B

replicai:es of each calon-iza'tion de,nsitlr etr'¿Ïie four host- pl.ant speeies,

in the big cages, to d.etermine the size of co,l.onj.es soon afterj the s'c:¡r-t--

of rlispers;al. The cofonies wer:e obserr,'ed 1+ il¿ryrr after the-ìr i.rceì:,Ljo.rl
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â¿lrcl o()nsjde.i:¡r-1-r] e mc)l:tal, j,l:y ¿:ltori¡t Lhe c.:<¡.]-on-iz.Lng al-atar': 'wäsj l:eci():(.'ie.l-

Fçrthcr, the colonies in.l-hr:ee cagcs; \^/elîe aLt:a.clced l'ry the pai.-crsjtes.r arrd

t.he aFhid popul¿rtions d.r:-cl not cle:¡eJ-cp ()n lucerne" The retna.:i-rriirg

colonies were sjalrpled aL /i6 cla)¡s; Lhei-i:: total populaLì-or:s anal tTre

tìuiliJe-rs of apterae were coutl1-eC la.t-er. Ti-rese d¿rt-.a are lrTej:reJìi:e(l j-11

Appendix XXI . I'L-. v¡as lrol- ¡,r6¡;1;ible tc¡ a¡-,ply the aria-lysis oil var1ô.nl:er i:Ð

t.he populati.on data of L-hr: sarrpled co.Lonies l)ecause of: the rnissit:g t--;:e¿r.tntents;

ar: v¡ell ae1 unequal nur.rbers of r:eplications'due tlr rncrz:tal"i1-ies e: l-l-'.::

co]-o¡j-zirìg alaLae (wiLirin 4.1a12:) ancl the pai:asitjzai;ion. äor.,rever,

a rnean-tngful unrle.rstancling of the data coul.cL l-re mzrd-e by regÍcssioii etra-l víirs"

L'he follc\^¡ing sect-ions describe rel-at"j,c'nshj"ps Ì¡et-v¡een ther j-nj 1:íal nrunl-¡e..csr

of alatae a-rrd the total popu.Ìacioi)s or.ì orre hancl a:rd k¡etivcen i:he nutì'¡)c'r:s

c;f apte::ae and the total populations of t-he sarnpl.ed colouies on tire oi'-iier ,

on subLerranean clover¡ coltltrrorl burr mecìic and broa<1 bearls.

2.3"49-A; Relati s between initial- ntr-mbers of co-L

a.[atae and total Þopulations

!-igure 2"40 shor,¿s rel-ationships betl';een ini.L:Lal- nlïnbÐrsi of

col-onizing a}ai-ae ancl log. total ,oopu:Iations of 'the sampieú. colcnies.

'Ihe populations <¡f the colc¡nies on colnlnon burr: ntedic anrl br:oacl l:e¡rns

were not signifíca.ntJ-y relntcrd to ttre init-ial numbers o:[ colonizing a-].atere

The populations of the col-onies on subte::ranean clover weref however,

significantly re.lated (R:0.8015, l'= 0"OOI) to the initia.l numbers of

r:olonizing alat-ae.

2..3 " 4o,^B: Re,ia-tionships betweerr nimbe::s of a;ìcterae aird total popr-ilat--tor¡s

!'igure 2.41 shor^rs significanL relatic-:rships Þctrn'een iog.

numl-r<:r:s o:Í apte::ae and iog. total popul.ati-ons of tÌre sainplei-r. r;crÌonies oit

subterrane¿rn cfover (P = 0"C)O-l-) , cc¡rrunon l-¡trrr- :nedj.c (p =. 0.Oli) ¿rnd. l¡road



Figure 2 .40 t Re.l-ationships between -i-nitial col-onizatiot)

densit-ies (al-atae per pJ-ant) and log. tc¡l:aI

popr,rlations of t-he experíroerrtal- cofonies

(sampled at 46 days) on coïLmon bur:r tne<1ic,

subterranean clover and. broad bea-ns.

IVI = comnìon burr medic
(Y = 3. 1218+0. Oll-2X; R=0. 1069; P=N" S J

SC = subterraueaïÌ clovc:r
(\ = 2.29341'0. l6I6X; R=O . 8OI5; P=0 . 001)

B = broad bean
(ï = 3.I53I+0.033X; R=0.23; Fl{.S. )
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Figui:e 2.41,t Ì.og. tcta-l poprrì-zrt.i ç¡ns of t--he expe:r,i-i'nclrt¿r1 cc>l cnj-cs

a.s functi.cn c:[ ìLog. api-errete (snrnpl.eú a-, 46 days)

on cofiìrílo]r T;u:i:r: ¡necl:i-c. sirJtterranean c-'-lc¡ver: and br:o¿;d-

beans.

1"1 collLotor bur:l: tnedi-c"

SC =' suL'l;-c::-r¡:nean Clover:"

l:l a: broait i:,<:an '
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bcans (P : 0.00.1-). AiraJ-.¿sis cf ìzfrl4ianÇe (Tal¡ie 2.4|1) sltows r-i-i-,üD..ii,i<;¡nL

tlj.ffe::e¡rc(:íì íìmeng t:hc slopes of t-lìÊsje r:e.l-¿ri:ionsi-ri.¡rs., 'llile ,s.l-opcls foi--

subtet:Tane¿rn clover a,nrf so'rrunoli burr ¡redic cliff-'ert,:d si-9-¡uif-i ctint:-ì-r.z (P = 0"C5

ar:,1 0"005) frc¡ir tJre sl-cper for J:road. bc:ans" I;r:!,'evel:, clif:f,:.:r-"c:lces br-twcr-lll

the s;J-operl for subteÌ:l:anean cl ove:: ¿¡rirl- corrrìion burr^ me dic \oe.r::er not

sigrrific;in b. 
"

Tt is; irepo::tant, *¡.o nerit.ion here- that l-.he clis;rs:.rs-inc¿ al-atae .ant-ì

apterare Ìir--:c¿une sma-Iier j.n {:he exp(::r.'-ì-mer-rt.ai col-onie¡s ¿r¡; tflr: host: pla.r,r1:s

d-eterj.c::¿rtcc1. The recÌi-::ce,J sjze vj¿rs approxinrateilr ¡1¡q-+;Jr;l:rrj L-o onc:-foirrt.h

of the sj-ze: ol: a<lu.i-ts v¡hj-clr d-rlspersecÌ at 40-r,2 davs. I{. rnû¿rsl1r:{ìrLì()n1:Fj

on the si-z:e of t-Ìre cl-isper:serJ aphi-ds .,cere mail€)-

l.lyrnpiral dispersal was negligilcJ.e from Lh.; e>lper-Lmer;ital co.l.c¡-rr-ie.s

except r.¡herl Lhe host plants wilbecl .

.> '. tr. Di scrrssion

Th-- results of Exper:iment II are import-ant in tv¿o respects.

Firstly, these restrfÌ-s confirm the resul+-s of lìxperinient -t" I'or c:riar¡pl-e,

the relation:;Ìrip between the nr:mÌrer:s of el-'t-.erae and t.otal pcpitl-ationsi,

the facultat,i ve natt¡re of apterous dispersaf .ind the pro,ft'Lcti^on of al¡;tae

o¡r broad kre.an pizults alîe confìi-rmecl by both the experìrrc:rrts. Sece-rncl.1),,

and more inçcri:tantJ-y.. the results of Ëxperj-rnent -lI provicle di::ec'c evidv:nce

in stipport cf *'he hy¡:othesis of this resea-rch project, in t:r^it: v/ays,

S.igni"ficant di:Ëferences ín the total- ¡rlunl:ers cf al-atae v¡hicìr d..isperseä

from diffe::ent host plant species (Tal¡tes 2,34 ano 2.3:t) alrd sign.ifj,r:a-nt

di.fferencesj ailrÐng the relationships bei:weerr the nurù.rcrs of ;ipter:ae and.

totai popu]-nti.ons of the sampJ-ed colc,nj-es (fig-r-rre 2,4,f. antd 1'al¡le 2,"431



Tahfe 2.43: Analysis of variance for comparison of r-e:gressiol-t
coef:-=ic-ì-ents fclr r:eiationshi-ps beLv¿een Lhe rrurnbers

of apt-er:ae an<l t.oLal popuÌa.tior:s of the sarnlrJ-ecl

colo¡lics o¡r three Ïrost plant species -

Source DF

Deviations front
regression

SS MS

F P

Wit-hin

PooIed

Difference

32

34

2

2.32248

3.29736

o.974Ag

o.ct725B

0.48874 6 "134L(df = 2,?,2)
0. 0c5

comparison of sl.opes for sul:¡terranean cl-over a:rd broacl. bean

W-íthin

PooIed

Difference

25

26

I

2.l-546

2.7L504

o.56044

o. o861E

0. 560.14 6.5028
(df = i,25)

0.05

compariscn of stopes for common burr medic and lrroad Ì¡ean

Within
PooIed

Difference

o "72r-.39

L.47Le7

0. 75048

0.03796

0.75048 19 " 766I
(df -- 1,19)

19

20

I 0 " 0,i5

Comparison of slopes for common burr ¡nedic ancl su.bterrarrea-n cl-ove¡:

Vlithin
Poo-led

I.76891

r.797l-5

0.028i8

0.08845

o. 3tE6
(df = .1,20)

20

2L

Difference t 0" 02818 N.S
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-i.ndica'Le 'i--j-ie :in¡;c.r,*.i,¡-r:-,(:e of lios't.. ìl-'l ilnt. s.:pcc::ies ort t-lre al:t-ruciartc;t¡ c;'Í

A" ct¿:<'cj-vora poiru:l.ations arrd tiir: e-:xtent-- t-rlr-' ci-is¡-telsatJ Ì:'r' oio.ar,,a, f:r:orn -rts

coloniesi. Dj-s¡-rersal- by alatae aìlcl apto::'¿ì.e vras obsjerv.;C j.n thc ccLonies

(in smalf caçtes) at 39*42 rlays (it'abl,e 2".ì3 ¡lrd Fj.cÌu.r"c¡; 2"3t!.'ro 2"39i

and the coloni.es (in bi.g c.rgcs) wer-(: ser",rpleä at- 46 cl-ü-i's f-o.r'po¡;rr^L¡-ilj-oli

coul'Ls" t[: is, the;:e:Ecre, .lj-ì<,eJ-y 'Lhat a few alatae and a]-'{:;:rae :lay h;,Lvet

clispersed fr:o¡n the s;arnp-LeC colonies on coirlmr)ir L,r¡rr rne<iic and sul.¡tel:Tarieal!

cl-over }>efor,-: sampl:Lrig. Iloweve:c, no apter:ae C'i spc-:::s-;ed f:¡-.oin .l-l::e r;olo¡ri-cs

on broad hea-ns in sma-|.i. caqes untíl 59-60 days (Fj-grr:le:".J9) ¡nJ a. stna.Ll

nr.unbor of ala'Lae (< 250) dj-s¡_rerse,,l until 46 davs" Sinc:<: '-ir,; tcrt;-Ì

popu:lat.ions of the sarnpJed c:o.l.onjes were Cepei.Ld.ent. LrIron th<: i-iu.i¡.r.,r.rr o1:

;rp'terae (Fiqrrre 2"4I), the fatter can be rcgarded as a- vaiid tneasur:e o:f

upper: size <¡f col.oni.es cn each of the tllree trost-. plat-rt s;1:ncits;. -Lt is

evj-deni: frorn Appendix XXI that the nr:nlcers of apter:a.c¡ :ln tht: sampl rrr,l

col.onies varied from B h.o 65 on subterrîarÌearl clove=, 124 tc¡,91. on í:'Jtlìtl,.clt

l¡urr medic and 44 to 236 cn broad. beans; " The hj.ilhe:: nuintrrll s of a.pter:.re

in the colonies on broad heans together: with the absc.nce of: apt-elo'.ts

dispersal .j-n the colc¡nies in sm¿t]-I cages untj-] 60 days (I¡igurc 7-"39),

sugqesb delayr:d apterous dispersal and apterous settlilg o-r'd larviposjtiori

and the conseciuent upper sizes of col.onies on broacl h-re¡¡:rs,

Ì-urther, the s:i,gnificant aircl h:i.gher regr:essl.crr coe:[fic-i.eì11-.

(Y = J-.O'72 + i.1369X) i:erween 1og. apterae and 1og" total i:opr-r1.;.'.t.ions cn

broacl bean plants j-s afso biol.ogicalj-y meanì-ngful in that- it suggtlsts a

hígher ra't-e of incr:ease irr total poptil.atìorrs of: the coloriies-' witlr tir,e

increasi¡rg numllers of apteraei. tr{liat this rnea.n-* ís, the rea:-ised

fecnndities of å, cracc:j.vot'a apLerae are higLrer on broad beans t.iren c¡i

either: corrïoon burl: nreclic or subt-er'ïiârrrearr cfover pJ-anbs; " T'he signÍfì-cant

relat-.ionship (R = 0"€J01.5¡ Ë =, 0"00I) L'retrvee:n i¡ij-'l--ía.l- rrtuirbe.rs of cr¡-Lciirj.r-i.r:.<;

alatae and tot:al populat5ons'of t--he sarnpl-r.:d cc.l-errir?s Qrl r'sui;ter'::atie¿.,r¡ cl.ovc.I:
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(Eigure 2"40) is probably <1ue tr¡ sJ-ow p,cpu.!.;rtÍ.on qro\,úth of coJonj-c+...;

on 'Uhat host ¡rlant"

Gutierrez eL aL. (J-974a) r:ised the :,:¿ri:ios of iota.-i al.¿rtae l-o total

ajrtera,e as criLeri.a- for: opt-irnrlÌÌr a.Lata p::oduction in z1 . cr¿lcsjvora <;olonieis.

'I'ire naximum ratios, as $imulated by their mode]-. v¿rried from 3.59 to 3"6,{

otÌ common bu::r medic ancl subt-er:ra-nearn clover. The ra{-io,s r>f 'to¿¿rl- a-i-ataç :

to t:crtal apterae, as ca.Lcrrlatecl from the pr:eseirt resuits (TaL'j¡: 2.4U),

are far higl-re:: than the or.rtputs of the sir.rrl;rt:ion model. Ihes€-.

C.if'ferences be'tween the eurpiric;rl and simuLated r¿.tíos ,.-;uggtÐst t:h.¡t'- l*Ìr<.:

inputs of the rnorJel. neerl improveitti¡¡rt" Fu::¡.:her, it --Ls also no{.--ewort-hy r:L¡¡L'll¡:ll;

statistj-c (latio c.f tot¿rl alatae,/tot-al a.pter:ae) c€1rì be ;: m.ÍsJ-eaäi.il_c;

crit-erio¡ (see Section 2 .3.47) .

2"-1.6 Strmmarv
--.#

The results of Experiment II ca:r be sumnta::iseC as

fol-Iows.

Colonizing A. craccivora alatae rvalkecl off 5 week oJ-d l-uce¡::ne

p-lants and the experimental. colonies failed to de.¡elop on l:hi.s host.

Alatiform progenl¡ anrong the fj,rst generation apl-rids v¡as r'ècorded- in ttre

experimental colonies ext:ept those inj.tiated by I and 2 alatae on

sr-rl:terranea-n c]-over and lucerne.

The::aLes of dìspersal- of ¿riat-ae were pus-it-i-r,¡efy r,:lat-cC to the

initiaL numbers of col-onizing alatae" The outputs c¡f al-a1:ae differed

sj"gnificantly (l = 0.05) on different h<-rst ¡rlant spec-ies alrd were unaffect.ecì

by ini-t'ial- nunrlcers of colonizing alaLae" More aiata-e cl-ispersecl from

broad beans than from comnon bu::r medi.c ancl subberrailean clorzer. HosL
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pl-atìts \,ij1-h 4 ¿-irìc1 I initial col.onizj-ng al-at-ee collapsecì eal:lj-ë:tj 1:ìrân

those with I ancl 2 alatae. ,-the:rates of dispersaf of a¡ite::ae on

corTìrnon hurr medic and su'Jot-c-¡rranean cl.over planis were r:elaLed. i:o t-lle

initial nurJrel:s of col.onj-zing afatae. Delayed apter:ons dj-sperserl r,,r;rs

characteristic of the col.onies on broacl beans. Neither t--iìe init-ial.

nunì.bers of colonizing aJ-atae n(rl: the host plant species had au1' sì.9n.'i-ficant

effeç:t oir tþe 6utputs of apte.r:ele, Apparentì,y ltigher p¡.oporl..ions of

apteïae amonçf the dispersecl adults were recorded in 'Li're color:ies on

subterranean clover bui- these clifferencer; hrere not sì-gni.fican't-,. Tlle

ra,tio <.:í t-.oterl dispersed afatae to totaf d.ispersecl apte::ar: can i:e ¿=.

rtisleading s.Latísti..c "

population counts of tir.e colonies sarnpled aL 46 days ¿¡¡*r; t-he

start of expe::iment revealerf a sigr-rifi.canù relationship b¡':tv¡een i¡ri.tial

nu.xù>erst of alatae ancl t<¡tal popr-rlations on subt-erraneran cl-over, l'Jo

such relatj-onships r^lere ïecord.:rl a¡nong the colonies on Çcn-mon b¡.rrr rnecii,c

anel l¡road beans. The rel-ati.onships betvreen n-umbers of a-pt-erae ancl total

populations of the sampled colonies \?eIe s-ignificantly <lifferent- on

conmon burr meclic, sr:-bterrarìean clover and broad beans . ithese :ol-atj-c'nsh-ll:,s

in<licated a higher number: of a¡rterae and higher rates of their reali.sed

fecundities on broacl beau plants"
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Fl-iqht j-s a r¡:L'baJ- aspect of dis¡-t¡¡1-"¡'iaJ beh¡lr¡-Lour: -i-ir :i-nser-: i:s;"

Z\ l-ot of irr'l--er:esLing a-nd novel- r'ese.:irci-I Ìias bceil done o::l aphid f-ì:'ight

bel.rav:Lorrr and aphid mi-gr-a,tion (Broadl>elit 1949; Iic::r'iy 1.169; iìcl:jfy

arrcl Taylor 1968; Burns 'L9'/2i Cocl<bai-n f!,ì6-ì¿-;, igij:1ir; Cocjibai-:r ¿.:È ¿t-ì.

1.g63; Dj-xon 7.g..)g t L91'I; Dry' .tr.t Ttrylo.r .!.9i i 0; I'I¿ jllt 19:::5; T.ialgreir

alrd 'Ilayl.or -l 968; Johnsort l-954; Jolirrs--on eE aJ.. .i9!;7; ilohnsc¡rr l-953;

Jclrnson f 960 r 1963 ' L969 ¡ Kennecly l96'1 ; Kr:trnerJ'¡r aiid Bcoth -ì'9i'3 ' "i9(:'1ti

l,et¡-i-s and T¿-ry]-or l-965j; Shaw Lg'lO , 1.9'7ila; Tayl-or, i9 I;7 ¡ I95il " i 9Li*l ' I !jÚ5 ¡

V¡c.¡cclfor:d 1969) . This necessaril-.,¡ inc:c'rrnpJ:eie b:i j.l-t j c-rg:ra1-rhy 'i'i:ri:icatçl-^ ':he

deqree of i¡'i:er:est in a¡--hic1 flight- and <lispersaf over r-krË:1rt'''sl:'i-hre:':

ólecacles ancl this inter:est is essentiall-y due Lo the -ii.trptrr.t.a:r<r'-l of ;:¡::irjcls

as ve-cr-ors of víral pathogens i-n cul'Livatc<Ì cro;'rs (Sraenson Igí8) ,

As tiris project-. was concerned v¡il--h a detailed -.rncJ.ers'Lanrii-ng of

ln.jrgrat-ion alld rlispersÍire behavi.our o'1 Aphis c-':acai,votar rioÌn(-1 funria-tneiri:¿rl'

aspects of: its fJig¡t behavic¡ur were- wortir -tl-rr¡estj-gztt-inq, as t-1-,.j-s .it-rfr-'Iln;.L-i-on

is 'tackinç¡ in tÌre I-ite::a-l-:ure. T'he maj-n ol-r-j ect-.íve un'Jer]-f i'i'.q ';ire

obse.r:vatioÌrs èncl ex¡reri.nrents clescribecl in tl.iis sectioit, rvas f-o deter'¡rt-irL':

r,vlretlrer the fli.ght behavj-orr:: of Á. cracc.itto¡.! confQr:ned i.':o l-i:e cl<'rç¡i:ttc's:i's*f ì-igllt

syirdrome hypothesis (Jolurson f9r50; Kenned-y 796i, 1.9'75), chai:¿).ci-.er'istic c-'i:

evolved adap¡ati.on -i-n so ma-ny rnigr:anL irrsect spec;jes (i-lingJe L912) ' Co-loir'jes

of A. cracc:í,vora on bro¿rcl beans, prcducerl a high ¡:roprlrt-ion (>'850u) '¡J: ¿i-¿''tac

at fow popu1ati. n clensitj.es a:¡cl mair.rtaine,i t-i'iis 1>roportion unt:Ll the a'piii<ris-r
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ciec"l-inr:d (sec: Siection 2 "2"34'-Cj " A.l-t-lrotigl-i i--ire procìuci-joir of higlr

pr:o¡ror:bion of ¿r-l,atae, whic,h -i-s; ar-r acl.;lpL.atì-on <-lf th<: :;peci-es to ¡r s.'lt-

of r:l--rvi::onmenl-a1 fo-ct-ors, c1e:|.:e,.:rnin:.-:s i,t-s e-ln-ì-gr-'a1:i<-tn potent-ia.,l , t-.lle

fliqhL kretravi-c:ur of alatae, :i-s; al-r:o egua-ìly irnportanL fc:r t-Lre: r:e;rlisstir.)i-r.

of tbis potentia-l.. !-or extrmple, if a.i-l the ala'L¿re are pre-'reprJoductj.r¡ri

and coiL'rpr-rf sive Lrier:s, therr the acttr¿l] entiqratiori wottl-d Ï:e ;-r1:¡:r'oxj.mal'i':el,'¡

e1iua1. to th.e emigrat-ion potenti¿r.1. of a coì.ony . On thc¡ otirer harrd.,

íf 50% of the al,a.tae do not l-':l y j-n pr:e-reproCuctj.ve staqe buL: r:e-.p::oc1'.i,.;e

in a co.-l-ony inst-c-.:ar1-, then'Llle êctu¿rl emigrario¡r wouliÌ be ì:¿rl-:i-- o1: the

enigr;rtj-on poten.'t-ial and the flj-ght l¡eh¿rviorrr r:f 'l-he al-atae can i)'.r

r:e9-ar--,3ed. as pos t-reproduct ive and f acr-r-Lt-aLi-ve .

This pcst--reproductive and facul-tatj-ve fii.ght beh¿rvj,our h¿:ir:l l-c

be distingr-iì,shed ¿ind sepa::a'bed from t-he apprrreut facult¿rl,j-ve fJ-i.ght-.

behaviour of the alaf-ae j-n tire fjeld. Low temperatur:c.si.Lnd lo,,r.l-ight

j-ntensiÈies (fay-lor 1963, 1965¡ llalgr:en and 'l'aylo.t l968) , c1;rinag*d- rvirrgr;

and. ¡.>arasitizat-ion (Johnson I959) rnay irihibit aph-Í-cl f-ake-off and fJ-ì-ght:

in t"he fiel<l.

The experirrents described in thÍs section v¡{irer ther:efore,

desr-igned t-o j-ncrease the knowledge c¡f the flight- J¡ehaviour cf ,4" cr¿,Lcc::ir.t()7.¿t"

These cornprised. t-.ernperatu::e rel-aiions of take-off in 'clre: labo:í-!Lcìr)¡i

assessm-ent of 1--he st-rength of the rnj-gratory urge a:ltorrg alata-e i.n the

J-aborator¡¡; observatioils cn teneral peri.od a-nd t¿rke-off i:ehavj.our: :i.rr

tiie laboral:or:y; observations on t-.ake-cff behaviour in the fic-.,1-c1 ; a

rlesc:':i-¡rtiorr of free flj-ght capabil.ity of r--.he al-at-ae ia a fJ"ight c;hannber.'¡

observa-r-ions on the occrrrrence of vring ¡¡ruscle ar-rt-o.l-lz::i-s ir.l the J-abora-tor¡z;

and observations on the i:eproduc:tive a-nc1 ftj-gh'L capabili-Lies of -3he

alatae collected frcm a parasiLized infest-a.t,iol'r.



Thrt ÏesLtl [:s oi-' Lhese exÉ.eriilÊn[,s nol.- OnI)¡ exr::rüri.if), 4 " c:i';tc:c-i.v'ara

as a in.'i-gr--airl- insec;t, ïir,r.'l-: mo::e r'-.,q,.r;ri.ant1.y, Tcirvea..i- a.Lsc. tli.r'L th(: e:*t.er-ri:

of nrig::aLiou a¡rc,l dispe::sal of i-li:ls aphi.d j-n a r:eq-i-ono is pr-'irrtarJ.i.y

depenclent on the preva'i l.-irtg enrri::r:¡rmenta.l f¿rc:tc¡rs.

3.2t lllenperature ::ela-tions of t--ake,-'off in l¿rl:o:rator:y

f,ow tempe::atr.,,i::e-: a-¡rd lcw i-igÌrt int-ensity jrrh-i.bjt aphid tiLlçr:'-c,ff

j,n rratr¡re (Johnsori ancf i';ryioî 7S)5'l i Talz.¡.q1r 11ì63). The fo-1-lowj-rrg

ex¿reriment w¿rs cles.ri-gner-ì i:o oJ:sel:ve 'l-alie*off by ,1 " ctaccj.vorr:: ¿li¿tta-iai :Ll

l.a.boratory' qys¡ tþr,: rarlge of Lern¡:er:a't-irres prevalen.* in Ll<ie1ai.r."e"

3.2.1_ I.{e+_hrlds

The alatae v/ere r:ea.re:cl i:r 1-he iaborato::y t:y t-l.re nietho<f t-lesr,rj-l-.ed

l¡y Shaw (1970) for rear.íl¡r; Aph.i-,:; fab¿te a-fat.lrr. The apìrids v¡ere lrraj-lttai:ri:d

on 2-4 weelr. c-.,1-C pot'Lec1 l:ro¿r,j. bcan seediings -in a¡r insecta::y r.'ociii wj't.h

natural- d.ayt.-i-gir.L where ternperature fluctuaì:ecl bet-ween 14 and 25oC.

.l\pproxirnaiLe-ly J-00 newly moulted apterae v¡ere co1lected --ln a pla;;t-,r¡.c a.'."útç:

(4 x 1.5 crn dia¡rreter) a-¡rc'1- Ief't- foi: 3 hours to j-ncluce st,jnrul-i for the

prcciuc{::lon of alatifor:'rn procJeny (Johnson 1965) " Tlwo one-'weel: c-r.d pci'i--tr,:d

broacl bean seed-Lir:Lgs v,'erc cì.it off just ai>ove their lorvest-. ntoclif,j.eri

stipule arrd the growth pr:'lrnordia were carefrilJ"1, renot¡ed v,'ith f-ì-ne fozceps"

Approximately 50 cror,¿cied. apl:erae lyere 1-:ransferred to each of the cr-lt

seedlingrs s,tipules anui the seediirrgs were then covered b.y transpa;:c:nt

perspex ce-ges ß,S x 3.5 c¡n) wítl-i a fíne mesh ai one end" The seedlings;

w-itlr a1-rterae wel:e !<ept i:r an insecta,r.y rooin t,.here -tem¡rs¡¿¡qre rangect

between 15 ancj.25oC: ancl a 12 ho¡i:: l-rhotoper-ic;d w.rsj proviclc:cl bI¿ a J:ank c.rÍ

B day-!-iqht f--l-uores<:c;nt- tubes. TJle light intensit--y on t:he pJ"a.nt Ìe-;el

varied hetween 665 and 690 lrrx. The ca.ocl-; artcl apt:erae wet-'e Lentor,'ed erí:Ler:

24 hours, J-ea.ving the rrynçrite " Tlte seerilinEs; w.':re th.-:n co'¿r.rreil ì:y pe::'siì)(.)x
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c¿lgçsì (2O x 8"5 cm). They i,rere v¡a.Lered i:,¡hertt¡v'el: ncceìr;-qiìry= I'tosi of

these nynphs; ]>ecame alatae in 6-'7 dalzs- 40-'50 tener¿rl alat'¿:<'+ we¡:r:

t;rans;fer-'red to ear:h of 6 one-week otd potbc:ci broaci l)e¿rn seeCi-ingls. The

seediings \,/ith'Lhe alatae vrere l<ept- j.n tTre dark at-. 25*27oC for 1.5-ll2

hours to irrake the al¿rtae f"Light rnatut:e"

Take*off was t-esLecl in ¿r mascnj.te fJ-i.qht t-estir)'J box

(63 x 65 x 52 cn) (Irigure 3.f). '1\.¡o 40 wa'Lt T-'l-uoïest:ent- 1.'irnps r,tere

fixed t-o one wall, -i-n-cide the box. Aerati-orr v¡as prov-í cìerd by opeû slriìces

in t-.Ïre wall. atrove and Ì:elow the lamps. A t'..r1--¿¡¡r¡uiär: c¡j-ass shecj: rvas

set .i.ir a slantíng pctsi.tion in front of the 1-anlirs in-s;ide the bo:t, Tlhe

porLion between the lamps and the slanting gl.rss r'ras pairit-.ed r¿iiite" 'ill:re

rest of the interior of Lhcr box was painted i:lack, 'llräys c:ont.a-iiiing

rvatc:r wíth detergent wer:e kept close to the -t¡ase cf the gl.ass ..'raiJ insídr-:

the box" The potted seecll-ings with the ala,tae \^tere +;o be kept cn a r:¿rise'l

p] atform in the water rnoat 25 cm awa-y froml-.he gJ-ass \r¡r.Ll . A tl:.¿r.;ni-çL.c¡:

p:rohe was pl-aced near the seeclLi.ngs to record. the *cempe-rature in {:hr¡

vicinity of the alatae. 'Ihe top of the hox above the ser^cllittqs r',,.rs

closed, leaving a 15 cm wide openir:g from the top edge of the glass wall"

The seedfings with the alatae \,¡ere trairsferrecì ilrom 25-21QC

to the testing box in early morning" The temperature j"nsj-cle t-.he. box

at that time was 'I2oC. The alatae weï:e left undisturl,ecl for one and a

half hours in the box, clr-rring whJ.ch the tençcerature j-ncrease<l to l.3o(j.

,the lamps of tTre fl.ight testing box were then put on anci the roorn ternpe-r'aturc:

was gradually in.creased. VÍiren the ternperature becäme suital:l.e fc'¡: take-cff

the alatae fLew fromt-hre seecllings to t'he glass rval-l " As s<¡on as al'l

aLa'ta landed, it wa.s dropped by a brush ínto the water. This wat-er moat



Fic¡ur'<r 3. 1 : l\ ve:rLic;al. sect.Loir of t-Lle fl.:i-c1hL f:estj11g bc)x.

l. " I'{ason:Lt-e w¿ll.l"s

2 " Gl.as s s.h cc t-

3 . Iì luore:: cent larçs
/¿ . open sp;.r ces f <¡¡: aeraticrn

5. Thcril-i-s't--or plr:be

6. Potted seedling h,ith al-at,ae

7 Ra:Lsecrr woocien p-Lat-.fc::ni

B. Water rnoat--

9 . Removabl-e u-Ilpev' masorrj-t"e co\¡er'.
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cll-so pl:e\¡eni:ed the alat¿re wa1ì;:i-i:çi .¡-'r-otn Lhc sc:e<1.l,ings to Ll!-e ,t-r*so cf

t-i-ie glass wall" The alatae whi.cli took of.f \.rcrîÊ- ]:eco::dec¡ +vr-.'r tt pe;::iod

of 4 houL:s, clti::i.rrg whíclr the tem¡:eratr-:.re -irls:j.Cc the box rt'es; "tlo.vl-1'

.j-nç:r.'eased from 13 to 35oC" It- v.,¡rs not ¡rossiib-le t--o j-r,c:reaL;c n:l-re tcitrpc::,:a'c.Lr.::c:

beyo¡¿ 35oc ali'c 'blre observat-.ioiis wer:e stopl..rccl-- /\l-l the sê¡;tl-j-j.lic{s v,¡er':r::

c:heckc:C for t-he remainjng al-atae and. t--hei:: t.r¡'nLpìis"

3.2.2: Iì.esr¡fts

No alatae took off belorv iToC ¿:ncl abo',re 32ÜC (Telcl.e 3"1.).

Florve.;er, a -Larc¡e rrulnbel: of the al.at--ae took of:f l-¡etv¡eerr 2,O an.a 2:ioÇ" A.

nreaninqful urìd-rfrstand-ì-rr.g of the d:i.stribu't-j-ons of Lake-of--fs ovei: the tc,rs:l:

t-emperatures ciiìn be gainecl frorn Figure 3"2.. .it is c-¿ideni that 70:¡ úi''

b-he fl-ie:ls t-oclc off wirerr t-.he tençoer:ature:i l-rcr:easetL tc 23oC;inc1 ¿tiotiri'l:

20? took oÍf u¡: t.o 29oC. The upper tempera.ture ].im-Lt of 32oC is iin;'c',r-[j,::T:]-c,

because it is Ìrighly pr:obable t-hat iro more f¡.iers \.,rere lerfL ci: the i:*cilj.j-n,;;-'

wheri 1--lie terrperature i¡rcrease<l beyond 32oC.

Sirnila:: unirnodal fr:equency clistributions of take-'of rs, skevred 't:ti

thc: right-r hcavê also been observed fc.rr other specÍês of lier:5a';eou.s a-¡:hidr-;

(l::y a-nd Ta¡¿lor 1970) . The range of ternper¿rl'ur:es over rvhictr tjre talco-r-rffs

v¡etr:e clistril.,¡uted vras ver:y wj-de in th-is experi-lnent and it is iì.J,.el.y thirt

th-is range woul-cl be rnuch short-er: in tlle fielcl as has i-,,eeti sllown -i.n Äph:ls

fah.ac ('Iaylcrr L95'7, 1963) " It is a1so probable that tlie specific

conditions cf Lhis experiment might Ìrave infJ irence<f the ¿Laca beha-vicuri

consi.derably, Thi-s seems nore .Li'k.e.l-y frr:ln. the rr.:sltlts in Tat¡-Le -ì.2"

Not all the aLatae t-ook off in this experi¡nent (Tabl-e 3'2) "

Açproximately 38% walked. off the pJ-anLs alrl 22sô C.i-d not flr* ¿rt a"l--l- " .L;rte r



L'ab l-e 3.1. Take-off by Aphis cracaivora alatae in relation to
j-ncreasírrg temperatu:res in the }aboratory.
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'.|'ebl-e 3"2 lleh ¿¡vior.rr of f-i igltt rr;l'Lu:,-c: 11plt.i.l; c.1¿tc:r:.i.¡,'ot:¿t

al-aL-.ac: J<t-.p,ì- ¡¡-1 l:ro¿;-c1 irean seecli.i-ng:; :i il 1:.hc,

-l,abcrator:y.

Rehavi-our- of a-l-atae
Nurirbe:: c.f

al¿.r 1-a,e
j

l¡-Lcw fi:om t.lrc+ piants

Wal-ked off tl.re plant-s

Stayed and rel:roducecl on
the p1 ant-.s

Tota-l-

103

56

¿J>

40.4

oÁ J/.()

')') t1

10c



ir:i gui:e 3. 2 Take*off by 1r. cz'accivola al-atae jn the

labo¡:at-ory over a ran!-cì of increelsilg
tenpe::atui:es.
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ç;xpcrilì1erlt-s oÌ1 Leneral lìe .r:ic.j (SecL.iair 3" 4) rl-rrd:i cat¡:d 't.ìra-t- ¡r.i.¿,:¡re c,f

.Llris ¡;¡,'qr¡j-es Look Ll^12 hou-rs i:o .l¡econe flir¡lrt titature ¿rt 2.'l *2-,:¿4C.. $incc

the alat¿re in tiris exT,,erirnen't-- is<-r;: e hel.cl .in itark for- L5*2.): hou.Ï:s at 25-27otl

prior- tc f l-j-ght tests, r-ar loni;e: rÌiran they would requ:i-::e to bec:ome

f-light maiure; they v,rerc1 certa;lul-y prerrented f:rcm taking ofi wherl t.hc1z

became fi-igl:t rr.attrre. 'lhis int-e::.terence wj-th t-heir f-ir:s't t-ake*o.ff

tteliavior-rr: tlu-e ¡.o óarli. inight, Ita'.¡e .reJ-ease-cì se+-tling -respolìse j-n .i:lie- alal--ar-r

wnicir cÌ-i-ci not fl-y (22e') , tt'iri.l<: l-l:r: crtl'ters (3tjã) beca-me l:estlesr'i arrcl

r¡ral-jtc-:d. off i:ire pl.ants, T]:e Lake-c¡f.fs beyond 26oC inay ]:e due t.:c>

rr¡st'.l.essnf:ìssj câu.sÊd by the hi.gil'';ei.n¡reratures.

lrluch trroL:e \,,/oïií iS uecded frlll â fr,rller understatld-inçJ of

teinperatnrc.: rer-Latior¡.s of Lake.-off in A. c:taccjvota. 'IÏie r:esu-Ii:s oi: this

exper:iment, ¡-revel-theless. irrclícate two points of ecologica'l- int-er:es[:'

FírstJ-y ihey i.no.-ì-cat.e t--haL dispei;saJ. of A. ctae<:j-voïa al-õ:+'a.e cå.i'I cccur r-'n-l-:¡

v¡Ï.ren the a¡ì:ient tempc::r:íJ.trlres are above t7oC. This mealrs that, lìc:r rnc;st cí:

tlie hime. tem.peratures v/ould, be a lirnit-ing factor: for t".he clispersa-L of

t¡is species -ì-n winter: rnonL.hs in Soul-h Eastern AusLralia, when this a¡'Ìrj-C

produces a high proporl--ic¡ of alatae -in -i-ts cclonies (see ,gection 2).

The occur:l:ences of fli gþts <¡f L.he al-atae in f ate autumn ancl early s¡>r:.'-',.n$ :irr

Soutl-r Ba-*terrr Australia (Gçtier:::ez et af . L97Ir:1 974Ìj) and j-rr Soub.ìr.¡r,ustralja

(Carver anC Randles 1961 .- personal- conmunicatir:n) are v¡ell expl.rined by

the results of th:Ls e-:.-çe::irnent. Seconcll-y, the r:esr-rl't:s of i:his ex,pcr::imernt

afso i¡rdicate that ¡rn ir:l,erferer)ce v¡ith the first take-'r.rff by- tlic'al¿r'Lae

vrhen thelr beconie fligLrt mature resrrl.ts irr setL.lj-rtg and pa-r:turitj-oil, a-t

least in a pr<>¡rcirtion of flight- rnatule alaLae (see Ta-]rl-e 3.2). Thj-s

i-rqolies tha'b clurj.ng vrinte:: months a hi-gh p:roportion r¡l A . cîaccivora

a-latee v¡hich liroüld be y¡revented f rom take*of f by ]ow t:e:nperatur:es, c-c¡uid
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se'rt-J.e on t-.heir hos'1. plants ¡¡-ì.Llioub fl iEht- arid migTrt cc¡ntribul-:i bo tli,:

grcrwt--h of the existiirE colonies. in a simj-l^¿rr I{ây ¿ì,si a¡:ter:ae"

.J,3: Take.-off i¡ehav.iour in the fiei,<] aL. 14 'to JTocl

3. 3. t.: l'4etilo,f s

Observa't--ions vrere ma,3e in :r ¡laturalf\t i.-'rfested pl-o'¿

(3 :< 3 n) of broad beans (approxiinateJ-y- 10 weeìcs ol-d) at tlte Tia.jt-e 3ns1-iLu'L:t:,

c:r a cool , dry ancl part:ially clouCy da1', j,n.t-.he last- we¡ejc of l{ay 1-9'i6.

'ftoro ínfestcd p.lants approximately- 30-35 cm high, which haii trani' al-a'bae

were selected" A ther:mj.stor probe vJas p:l-ac(rd approx,iinat-el-v 30 crrr ¡;J:;ovi:

the soil- surface to recorcl the air ter.rper:atrrre in ttre vicj-i:ity of 't--tie:

ala-tae" The ctista]- metal-l.ic end ol" the prol:e was sharlr:,1 by an ¿i.Lurr-Lr.Luln

fc¡iI ccne froin direct sr-rn-lighb. The tempe-rature l,ùas ï'ecotd':d at

interv¿rl.s of 2 to 5 minutes with an Edale therrni-st-.or*'thcrtr¡oüieter"

Take-offs by the alatae were t:ecorcled by conl-inuous ()biiertatj-c:lts <rt'c':¡:

r'-lrree ancl a ha-if h,curs, dur:'-ng which the ternperat'Lrre f luctu.aieci. .bc+tleen

14 and 16.5oC.

3.3.2: Results

None of the alatae took off below :-5.5oC (F-igrrre 3.3) .

Ot' 22 alatae, 17 l-ook off between 16 and 16.5oC.

The tern-ceratr¡¡:e at the begi-nning of t-.he c;bsc.r:vationst \^Ia,s 1.4.5ÖC

and thr: ala'Lae \r'€rê \vall<ing and aggregating along the edges of the, leat'es

near tlie J-eelf tips iir gr:oups af. 2 t.c 5 " A few ala'Lae, r.¿lti <:h tr.rd probaJ:ly

droppecl off the broad bearn plants, were seen w¿rll<ing ortt-o tl¡e erect leaf

blades of graminaceous weeds and stopp-tnçl near the ti;rs. WÌren Lhe



F.i-c-J-u.rer 3 . 3 ila-]re*oÍf by Ä" ctacc.iv'ot:¿r a,Lat¿re :Ln the fie.!,d erL:

Iow tenpe::a-i--ures "

Numbcrs; on Lor-rs of ¿Llr,lws :Lnc.ìicai-e tal<e-offs by

al-atae.

Air tenrperrtt.ur.i recc¡rcje<l ai: 30 cm above soil. surface.
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tc:mpel:etr.r'r:Lr :ì.jose to l-5 " 5oC a1;. J 1. -15 rrrn, t-hi: al.rt-ae o¡; ìr:¡<:¡-c1 bean, aLs;

we.l--l- .rs 'l--hose oTl gl:êr,is .Leaf i:ip,,i,- ct¿trLeql c.-r¡-:eriirrg and l.'ol-diric.{ thei:r: '",-: i-ngs

J:rrt noue t:oc.il;- off" As the teml:erat:ure droppr.rcl to:l-¿1 "lr()(.1 ',vj-uhj-n "r sbori:

Lim-e, the a.l-¿¡t.¿ìe were rvalking a-Jong t--hr.: -ì-eaf eciges v¡iLhc-.ut-- acl:j.vaLi.cn o:[

rir.ings. Ttrey startecl <tpening .'t-r'rcl f:ol-rlínç¡' of i,ri"ngs a'i:. lr./+5 .r,"n, as the:

t:ernpera'cure had-::eache<.l -l 5.soC. Thrc+e al-ata:.e Looli cf:f ¿r:F-t-.cl:r two r¡.i-r.-rut--es

v¡Ìren i-he ten'per:attrre \"J¿rs I5.6*i-5 "70C"

geqr-rences of w¿rlking ancl argg::egating ;iloug ¡¡¡q ç¡cì,r¡-'e:íì n.,r¿tr: i(.ri)-f

'Lips foi.-l-owr:d by o¡-leni-rlq ancl 1:oJ-ti:i-n:.¡ of winç;s by 1;'he ai-ai:.¡c,, :[o',:rne<-i a

cornrnor-r l-rattern of pre-take-off activ-ì-t-y"

Figrrre 3"3 shc.¡v¡s no talie-cffs between 12.Oli e-ncl l:l +! ¡:ru, l:,-"-:1, Jtt

a] atae t.ook off shorLly after 12";1,5 prn. Tiri-s coulcl be e:xp,J.¡rined i¡-n t-u'r:

wa)¡s" Firsti-y, i.t" is reasonable 'to asstune t-.Ïrat no t:al;:c:-r-iiÍ.s r'¡ere

observecl Ïrecause the t--enperature wa,s noi- r;uil-:ahle. Secon,*ìÏ1', i+--. j-s c.t<-r.ual-J-y

reasonaLrle to pres'¿me l-hat there v/ere Iro:fligtht rnai:u¡:e e.i.;¡-'Lo-e iìurj-ng i--i-r:ili

peri-od" If the seconc1 possibJ-lity is 'brtte, theu lto p::e'-t;eJte"<-iff

activity by the a-latae coul-d be expecLed clurinE this per:i{.:d, becr.-rrsr: tlie

al-atae stay on plants without any movement ulitil- they ber:cnie fl:LghL lrte-t-u-r'e

(see Section 3.4). The observaLions, f-ior,vç:ver, do uot sr:ppori +:hur secoiìól

possibility l:ecause the alatae were wai,king aricl opening their vrj.ngs un1:i-l-

12.08 pm. '-The-y again starteci opening and fr'-¡l-ráj-ng the-ir: wii':ge ¡rt i2.42 ¡rtit

wl¡en "uhe t-errrperatu-re ïose to 15"5oc" Tl:is a.ctivi't1: inriicatec t--Trat fti'q¡irt

mature al.at-ae were there on the pJ-ants br-..t colrld rrot t¡r]<e off, l:ecar-'.s;<: the

temper:aLcr,re had dropped wel,l- below 15"5oC. soon after 1.2.05 pm,

Similarly, no take-offs v¡ev-'e observed betv¡een f.05 and 2"25 ptt,

clespite the rj-se of tenìpeïa'bui'e thL:j-ce to near:Iy 16ÚC during thic 1:r..i'ic:r.

The alat-¡¿e were ncrt a-ctj-ve a'h I "27 prn v;h.en tile L.einpera,turÊr r:Ð^cle 1-o l-6 ^:JoC,
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llhis :lircj-ical,c-:s tha,t-. probabl,y t-Ìrey \^iLr]:e rlot flight ma-irul:e"

The t.em¡rerature ck:opped. subsec¡u-cnt-Ly ancl aqa-j.n r,tse to i€ro(--

at 1.57 prn ¿¡-nd, tlie afa-tae start-c-:cl o¡:ening ¡lnii f.clcl-i-ttq w:-i:'qs, ì-ru'i: ncne

1:ook off " The Lemper:atr:re agaì-n cir:o-operl ¡-rncl r:l:e¡l ;rose tr: t6o(l ¿¿'i--

2"15 prn and the al.atae wer-e aga-ì.n active, brt'i-- norre'bcc,rc of-'í, Ilor¡evc.-t:

3 alatae took off i¡et-ween 2.2'i and 2"31 pin, ì,rhen the'Lr:lLiper:at-il::e rose to

16.ZaC. Tirr:se obsr¿rva'bions i-nclical:-e tha.t fLiqht ¡ta'L-.ule ala'i-.?+ c--cr"l-.j-cl-

nct.'L-.ake of-'í:'betvreen 1.57 ancl 2.27 pn ireca,us:e the temitt:r¿ture,a-t:16[)C

hacl ¡ot l.ast:ed long eriough at -t..5'7 a¡ld 2.15 _prn, e^nci hârd quicÌ11;¡ C::op3re<l to

14.5.rrrc1 -l-soc r:espec.L.ively" T'he suclde:rr d-rop in the 1,clrçeïa+-1-r.l:ìt: ivas cÌue'br,'

:Lnterm¡>t-ion of sunlight by t.he frequen{c rnor"¡eLtien+¡-s of- c.:.lc-'r-tc1s. It :is

prol:abIe that alat:ae -Ln the sunlight rnay' e:xperieuce h.i.ghe.r '[-*nti:e:rart:tt.r:es

iìran those in the shade, ancl v¿or:.J-d take off earl-ier,

The fiel¡-'J <.¡bservat-ions descrj-bed in t-iris Section not orill'

supported the concJusions derived froni thc labor:ato:ry ex;¡er:"iment on

temperature ::eia'Ej-ons of take-off (Sect.ion 3.2) , but al,';o Þ.i:cvitJecl arn

insight into the pre*take-off behaviour: of "ä. cracci:¡ctra ;L.l.a1;ae. 't'he

foÌlowing section clescribes t-wo experiutents desi.gned to ascertaín t'he

occuïïence and varíaLion in the pre-take-"off activj-l*y aimctrg t;he a.la'L:,le

ir¡ laboratory.

3.4: Teneral peri-od and take-off behavi.our i-n the labo::ato;rv

aL: 2l--22oC

The j.nt--er-val between the fin¿rl ecd-ysj-s of. al-atae ancì thej-r first

take-c¡ff, known as the teneral perio,i, he:-s beer-r shcwn to be a developlì1etia-ãri

period from its ternperat.ure response cu.rve i.n Aphtis fa.Lae (tay-lor: li-r57)

and. Mgz¿s; persicae ($fc¡oclfo.ril L9b9). 1t¡e wo:rd rterreraf iri r.rphj-r:ls aptly
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ilesc.:.ribes the sta.ge up to f.Lj"ghi- maturj.t-y" Or,r'inlt to l-ack t-;f a. reli¿rJ:ic¡

arrcl clearcrrt- mor:phoJ-ogical crj-terj.o¡'r for defirrinr; fiiqh'c maturity :Ln

ApÌtis fabae, Taylor (f95'7) ::egar<led fii:st ftight as a good c:.-iterion

for the terrnination of 'Lener¿I per:íod, .if the prevailirig telnpr¡¡atul:e ¿t:rd

li.ght intensity were flight-permitting. hToodfcrrcl (1969) , howevc:r.-

disa.Lç¡rees with il'aylor's definit:ion of tenerai- period a-s a pu"rel-y

rJcrzr:lopmental pe-r:ioo-" He al:gues thaL silrce the te:i:min.ati<;tt t>f ô.tt

essent-,ially devel.opmenta-L periocl , i.e. , 1-he teneral. stage, -is charact--ei:ist:<j

b)r a bel'ravíoural proces!:i, i.e., th.e f.|.íght-¡ tht: clefilrjr:icrt <;f 'l-i-re tene-r:¡:i.i-

stêrge should, therefore, inc;1u<ie the developrLtent-;rJ- as rrell ;¡s behavi<:uri:i.

crmpcn,rnts. Tir,is argumerrt clraws support f rorn .Lhe experir,rents rr'her:ej-il

Woodfc,'rd (Lg.og) clemonstrated signifi.carrt j.nf.l.uerrce of host p-Lanl and

oiher surfaces on the 'beneral- period in I'Igzu,s persicae "

TÌ.re aborze concepts a.r-rd field oJrs;ervations on i:ake-off (SecL'Lon

3.3) formed a basis fc.¡r closer labc¡ratory observatj.ons on te¡reral pre¡i6çì-

and take*off behaviour in .i{. ctaccivora al-atae" The objecti.';e¡, u¡iilsr.l.r;inrJ

Èhese experj-ment.s were 'b.wo-fold; firstly to est:Lmat"e the ther¡rral- unit

requir:ements of the teneral stage in t-hj-s aphjd; ancl secondl.y tr¡ ascerl¿rji:

the occurrence of pre-take-off actívity and its var:iation alT,orrg.t-he a.l-::-t-;',c,

sc¡ that it could l¡e used as a reliable behaviourai criterion other t'irån

flight, to disl-ingu-i-sh flight lnatur:e a-'Latae from the f.lighL i-lrwtat'.tre cn¿:s:

in both }aboratory as well as in the fie1d.

3 " 4. 1: Methods

Aplrids were cu-l tl-rr:ed in labor:at-ory at 25''-Lo(: ar:c 12:12

L"D. cycle ant 2-4 week o.l-c1 broacl bean see'llings; (cultivar Sevill.e l,crng Pod)

grov¡n in 15 ctn d.iarneter po Ls 
"
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3.4. r*A t': l-

'i'he first-. ereperirnent inv<¡Ivecl the st:'-cl<y can.ist--er

mel.liocl (see Sect-i-ot: 3"5). llet¿.cired broacl bean lea.zes¡ kept .i.n pel:spe>i

tubes (5 x 3"5 crn) fj-ll.ed v,.-itÏr water, vrelîe used instead ojl clecapil:ated

potted seecllings . T-LO nervly morrl-ted a.l-¿ltae rverc transfer:rerf t-o 3

be¿r-n l.eaves set up this way, Each leaf was tilen placed i¡r the centre

clf a J-5 cm clj.amel:e:: Petyi ct-ish c:orltaining water: ancl v¡as covered, by a

siì-ck.y canister:" llhe; temperat-.tue neer the can.is'Lc':r-s va.rieC beir+r.+en

2)--22c'C. ,Ier,per:ature- rireasuï'eírìent.s insj-de the can-isters, made wj-Lh

an jirl¡rl-e therrnistcï thernorreter, did not sLiow at-r¡z variai-.icln in t-Ìr.is

respect. Tlie canislere rvere _plac.ed 90 cm bertc:ath a. bank cif 8 f Ltl':rcsceni'

lights, which rvere put on Lh::oughout t-he experirnenLs . The J--igirt intensì-t-y

insi-cle l-he canister var:ie.J betv¡een 560 ¿'.ricl 600 lux" The c¡¿ni-st-ers-; t¿'ei:e

ol.¡ser:veci at iniervais crf- 15 mìnul-es unti,L a.ll. the al.atae were c,iLher

stuck t:r trapped jn v¡ater. T'he temper"atìLl:e an,J. Iiqlit inÈens;it:y ive:;e

thus flíght permiLling throughout the experinterrt. Thís exller:j-Illent gaive

arl approximate lengt.h of teneral stage at 2L-22oC and for--rnc-'C tTre l:asj-s

of anothelî experiment" The follovring experiment clescribes cioser

observatj.ons m.r-de irrdiviclua:l,fy on the terreral perio,i aird ¡>re-'t¿rke-of f

act-l-vities of -15 a.Lat¿re u¡r,ler similar: t-emperature ancL l--icJht- -iutensity.

3,4.l^E: Expe r:iment Tl

Terrer:al alatae nroul-ted wj-thin half an hour, wet:e

transferred s|ngl-y t-c the bean leaves kept -i.n the pel1sp(lx tubes fit-l-ecl

w.i-th water. I1ach leal-'\^ras then kept in the cent:re c¡f a 15 crr:L cliarneter'

petrj dísh (rviti-rout wa-ter) and coverer.l by a clean non-sticky canister"

A total of t5 alatae wer(3 set up l--his rrza-y bene.r+;.l,r tìre ba¡rì< r-¡f f-l.rrc,Lesç€:r:1";

lj-ght-s+. The teurperature near {:he canj.sters var:ied }¡etr,¡een 21. ar'd '22oC-
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Oltservations rvhi-ch s;ta::ted 9 hour:s l-at-er: on the belr¿rv:Lour crf khe alatae,

continued rrntil all the alatae toolç c;ff .

3 " 4.2.: Iìesul ts

Table 3"3 shr¡1.¡s resuLts of the fi.rsl.-. ex1:e:rìär.:ni c>tr Lhe

o
dur:atior: between ecdysís and first tals:e-off by the al.o-t¡ie ¿rt- 121.*!1 2

AtI t-"he alat-ae vrere trapped by the s;tictil'canÍsters atr,;1 ¿¡I-l fl.cw t',,itircut

re¡rroduction.

The observ¿rtions of the second e>l;reriment (T.rl¡.Le 3"4) si'rc;w that

te¡eral cieve.lopment in .4. ctaccivora alatae comprisecl tv¡c disï-iirci- phases;;

a pïolonlted pliase of inact-iviLy, followed. by a shori: phitse c¡f ¡r<:t.j,v:iL;.r ¡l.l:-'i,ri:

to first take-off . AL.though the nunh,er of alatae c--bÈeïvcìd -irr tÏiir¡

expelîimerrt- was small, yeù the ¡2hase of pre-t-al<e-o:[f act.'tvit'¡'\"i&s renij.]:k;]r"i.y

consistent" It is tiris behaviour rvhicir prcbably escapec1 +;ltr.: att:t:rrtj-o¡r o:Í

iraylor (1,957) and Woodford (1969), because thei:: erçerirnen,+,s; on t¿rke-ofÍ

behaviour lacked cl.ose and continuous observations" Al.l. the l5 al.atae

flew without reproduction.

on the basis of the resul-ts (Table 3"4) , the ¡:er::i-<-rd of inactivi-t1'

cal be regarded as teneral per:'-od wh:Lch represenLs a clevelopmenLal ¡-ra¡j-ec'l'

Once the alatae take out their stylets from h-he pl,anL tissue ¿;rncl start

waving antennae a¡rcl v¡a.l-k al-ong the l-eaf edqes, tlrisi act.ivi'Ly rna.r:ks t-he

end of cleveloprnerital- period and, therefcre, is a çTood c:c:i-t-.el:ion ¡.t¡ f'l-i-qht:

matu::i.+-y. During thi-s brief and active phase, the alatae a-1.terria"1*ecl

ua.lking lvith b::ief stops; opened and closed- v¡inrJs 6*9 times, ancl conta.r:tecl

fore-t-arsi with the take-off point o¡r tT.re leaf , befor:e they ioclç off" g()me

ale-tae hari dif f icul-ty in coupting theÍr hincl-"wi.ngs 'n'ith the forewinçis '

aircl clpenecl and closed wings more than t-.he obhe:: al.¿:tâê¡ cLfld th.is r:esr"r-Ltei1 irr

prolonged p:re-taJ<e-off acfj-vit1z.



'.1'a þ -Le .l " 3 Dur¿,.t-ton be'crreelr. eciì.lzsi5 ¿rn<1 f:i-i s:t t¿.lte*r¡.tf in
ApLti.st ç;1;¿.1ç¡:it.or¿t lt ?,I-'22oC j n the' J..aboLrato::i'"

LlanisteI' irÌc>. of
a lat¡r<:

Dr:r:a,ti,ol i-n troiur;
e,.nä rnÍi-r-r i;es

.l a,

:1.02

53

I4ea-n ... l-I-0()

R;ruge -= 10-45 1:c-' I i--15

Mearr -.lf-3Cl

Rarnge -- l-l--C0 -i,o .L;l*0C)

Mean ''-

Range :
1l -06

1i"'00 to I 1- li0



T¿¡lt l-e 3 .4 Teneral period a.ncl pre'-t¿-rke-off i:.ctj-r'ity in
rlph-ts craccj-vora alatae aI-- 2I-22oC in the
l aborato::y.

Batch A1rhi-cl
Dura.tion of

i-nactivity in
hours and minrrtes

Du¡ai.i-or"r of
pre-take off

aciii¡ity in ni nui;es:

1 10
5
5
5

I

2

1
.+

4

il

5
4
I

1

2
3
4
5
6
l

10- 35
-l_l-00
I l--:l 7

t1-"r9
1r-21
TT_23
LL-23

.11-02
1I-05
I I-09
1l_-l_6
L2-20

2

3

I
9

;1.0

11
).2

13
T4
I5

IT- 25
1t-45
1t-45

Mean (

Range

X 1t- 34

10-35 to l-2-2O

5 "'7

I to L(r



TIie iengtlr oÌ prc-'t¿¡.1<e-o.Ë¡l ¡rct.ir¡it)- :i-s p::ob;r}:l.y do;:eirdoril-- cn

the prevaiJ-ing te¡r'p,:r:at-it-re aC htcl-l as ou l--he i¡ld-i.vi<iu¿rL r¡ar:i¿iì-.icriì d.u€j t,Lr

belrarz.ierrri:. In i:he f:i.eicl , fl.jqht rrrature li. cracc:i.vot:¿r al-¡t¿re cij-d not

take c¡f1: when the terL.6.>e:r;:'Lure \{as below l-5.5oC" T'he al-âtâr,i rvr.>re er3aqt:ci

in pre-Lake'-off act-i-rziLy u:itil- the tem¡;era.tnre rose i-.¡¡ 1O-.1-O.5oc iSecJ:j-t>n

3.3). The r:r>su]'bs in Table 3"4 show irrd,i.viou¿rl r¡orj.a1-ic>rrs in bct-.h tlie

clevel.oprrrentai, and br-:h.-.violrral .)oûponents of t-he tenei:al. st¿icte at- 2f.-22c(:-

'Ihe r:esuf'Ls c,f 'Lliis experi,ment t:]:us confir:rn a¡rd seigrega.l-"e 'clie der¡e.Lc'pment-a,L

aird beh¿rv,i-our¿l1, conilronents of íhe tene::a.l s.Lao;e -ln ,4" t':taccivarã, tli-lc

pr:e*taJte-of-.f aci-i'r¡ij-y of t-Ìre .a-l-atae provid.es a reI,iab.l.e c:.r:i.i.'.eL:i.c;:r fc::

def -Lr-rj"ng f:ligÌrt tnatu::-ì-,ty ¿ tìs, t'rnl-ì-1<e the talte-of f , i'i- ::ernainecl urr;¡f j:r.rct-,.:rl

b1z i:he preva-iling treriçeratr-rres of l4-16oC.

3.5: A¡;sr.¡ssnLei'rt cf mi.gr-"atori,nessì ¡r.Inong i-he a-i-at¡-e -i-n i:he -r atìoïàto-íy

It-- j-s rve.il knot,'n tirat- ala-t¿¿e i-ake cff frorrt their hcst ;_:.I.;,ri-rl-s

as sccrì as; tirey becone fl-ight mature, foll,owinc¡ col¡p-Letír:tr cf teneral

per:iod if the prevailinE tetnper:a-t-ur:e ancl lighL íntensity are tahe-uf,f

per:rrritt--ing (JohrÌson et al.. L957,. 'Iay1or 7957, )-95tj, l-96:l , -'l-965;

I,üoodforcl 196'9). Tl^,is ¿rct of first ancl .¡lre-re>product-ive tal.,e.-off LLy a.l.e-t:¡.rt:

has ]:eeu.regarded as mig::atol:y, bec,luse they le¡rve l:he host pJ-arrt:s c¡n v¡l-r-í cl-:

they mat-urecl . irres.:pective cf plarrts' physiolog-i-caJ- sL:itabj-l-j.i:y foz reer.i-i.l¡!i

and reprctìuctj.on (Johnson 1960; KenneCy i-9f,J , 1975). IÍovri:ver, Lf. a

pro¡:o::tion or flight-- rna,L-.ure ¿rl¿rtae sts-'fs on thcir host plants anc

repr:ocluces L'¡efo::e take-off ¿ rrr.lder fl.ig1rt prrl:m-t-i:.ting condit'jons, then

such act of first ta-ke-off m.jght be regardeC, a-s post--repr:odrrct:-ì.-,¡e anc1.

facul-tat-ive" Th-is r,¡oul-d mean 't-hat the aciaptive siqr-rificance of f-irs;1:

take-off as a rnigratory ac-t would d.ini:'-n-ì,str" because rnigr:at,iori in a;rhi,5s

involves not only t--Jre ¡-.roduction of nigr-'ant inor:¡ihs. T¡rrt also an "e;i--J.ve ¡ìrirl
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pr:e-repJ:ocluri':tive rnigrai:or1' urge in assecÌal.:.i.on with a, 'L.e:i'çora.r:y de¡rress.i-orr

of r:esponse€; to veqet-ab.lve stj.mu.l-:i- (Kenneciy -196-L). One of i--he object-.ive¡;

of this research was {-o assess the strenql-h of migratr:r:y ul:g-e ernoitg

.¡.latae of Ä. craccit,ora.. The fcl-1owi.nç1 experinen.L. was se't-- -rr¡t in the-

L.aboratory for thís pu::pose.

A valid and i-r:ur: a.ssessmerrt of nigra't--orv urEe in a-L¡.rtae is possj-b1.e

only in the abs.:ence of fl-igirt inhibi-b-jng inter¡ra-l- as wolL ¿rs er:t,::r'irel.

factr;rs. Thj-s woufd reqiri-re that tte l-.est irrseets sirou-icJ !:a.¡e rrorrra:l

wi-ngs (without any defor:mities) and Ìre fr:ee fr:c-rm parasiLizat-ic;rr; and tlra'l.

they rnust be tesLed for: thej-r migrat-'i-orr al¡il.i-'Ly uncier fJ:i.ght^'perini.tt-ing

temperat-ur:e and. Iight intensity when the¡r Ì:ecome fi.i.ghF, metul:eo bec:e-.use

any ì.nterference wi-th their first. t¿¡ke-off malr resu]-t in t-he re],aasr: of

settling response and parturition (see Sectjon 3.2). itlÌ these :t.i rqhi

inhibiting constraints were avoided j.n this experinent-. 'fhe: a.ì-¿tt¡re

came from parasj,te and disease-free cuÌtures a-nci thej.r wings we:re cl:tecilteal

lat-er for any <leform-ity. The tc:mpe::atur:e in the insecitclr]., lc)om iras

either 2I-22oC or 23-25oC¡ and the li.ghts were put on continuoirs-Ly until

the conclusion of the experiment, TTrus the temperatu.r€: ârd liqht intens;lty

were flight-per,mitting throughout the experimen'L-""

3.5" I: Methods

Clear plastic canjster:s (l- run thick, 13.5 cm clia¡neter'

and 13.5 cm irigli) were coa-ted wi+.h a thin layer of tanglefoo'E (1:1 c.estor

oil and resin Vw) on the iuner s:Lc1es after tTre rernova,l of l*he -ì.icìs.

These canisters had two 4 cm diametei: ho1es near t-he clpen end covered wj-i-lr

muslin for vent-ilation. After coai:íng with tanglefooL, the canisters were

lef'L inverte<l on a paper: surface overnight, rì.uring which tj..me any ex(:ess
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Langlefcot d::i.pped ol;f , J-ei,rving ¿r unifoll Lhj-i-r cc¡'rL:Lncl

Ercad, bealr seed-.1-i.ngs (cul-tlvar Sev-i.l, l.e- Long PoC) hrc:re glror-in

singly -i-n Lhe Urrj.r'ersil:y of CalifornÍa Pnt-uing Mix'Lu:'-'e in sna,.LJ- pi-as:'bii:

,
F,ots (5 crn" :< 6 cm hiçlh) in a giasshouse. The seeciltings'øi-Í:ir lz-3

fui-ly openecl leaves v"'ere clec'apitat-rlrl ¿rnd al 1 the lc:¿rves; l.rðr:q: remov.:<L

except the basal leaf"

The aphj-ds came fronr the cul-trrres clesc::ibed j-rr SecLio¡: 3..t.-i-"

Adr¡ancecl fourt.]r instar alatifonn n¡rrphs ol: .l:enel:a-l a'l at¿re v;ith npaque

wings rvere tra¡rsferrecl to the basal leaf of a- <1ecap.it:at-,ed seedl-j-nq"

Initial}y orre a¡rhi.d \^¡c1s transferreä l-o a seeclJ-ing bub j-¡i tlie -l.aì:er

erçerirnents as man)¡ as 50 aphj-cls \,{ere tTansfer¡:e-i, Oire,s+ledLi.¡i7 was kept.

in the cenLre of a 15 cm diameter Petri. clj.sh contain-i-ng wstci' tç f i:;n

depth and a sL.ichy canj-ste:r was tlren i¡rverl:-ed rrver th.e l?et::i d.i-sh

(Figure 3.4). I'his water trappecl any a-Iatae t-hat rzai-l,;,.:d cr.i: cll:opÉrci of¡l

the seedJ-ing. The j-nner walfs of the sticky can,isl-e:: t::api¡erJ, tiros;e ¡a.La"i.-.re

which flew just more than 7 cm from the p1ant.

Six t-o ten canisters with this set-up were useci at- a tj rne ¡.nd

they were kept in an insectary rooln appr<;:<irnately 90 cln k-rr:nr.:atir ¡,i l-rank

of 8 fl-uorescent lights. The J-ight intensit-.y inside the ca-¡risters

va.ried between 560-600 l-ux. Once a batch of aphi-ds -rva-s set-- r¡p ttr.-'ì-s wa'r',

it rvas observed for t-wo consecutirze clays. The -posi,tions of the ¡r-l-at-.a.e

in eac]: set*up were rcrcorded and the seecllings were checked 1:h<¡i:or:.cìh1:r

for the rrymphs, vrhen a1l- the alatae had lrroved off a seedlj.ng"

Trapping of the alatae by slicky wail-s of canist-ers, toget-irer wj"t'lr

the absence of nymphs o¡r the seedling, inrlicated pre-reprocluci;ive take-clff ,

characteristic of mig;:atorirress, Prese:nce of nlrrphs on tTLe seedl-incl



I' j-gure 3. 4 Expe::',i-merital s;eL-up, use:c1 for: írssessrnen'l:, c;'i-

nr,ì.çria'i:or:-Lne.ss amoÌ-^rcl å . cracc j vo r''¿ì ô l-¿¡-'L¿,r*.:.

.1 " Transparent plasiì.c c¿urj,s t-oi: ¡s:i-tli -i-n:.lo::

stj-cl<y caat-i-trg (13 " 5 >a -L:1 . ij crn d:i aineLr:r:) -

2. Decap-it-ated be;rn see<flì-ng in a slnaJ.i pot

with test afata"

3. Musl--'i.n covered hol-es for aei:;lti-on"

4. 15 cm Petri dish v¡i'hh wat',e:r: t-,o t.rc¡r

d.r:o¡rping ancl vr.rfk-ing of f alatae "
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inr-'i-i,c;r'ted ::eproclucn--.i-on by the flight- rnatu¡:e a:la[--ae ]¡<:fcr--e t¡r]ic-:*ofi ox'

wa".ì-king or droppj-ng off the seedljng. I'he ¡;et-*up used i.n th.is eaperinrent:

errsu^¡:ecl tìrat the alaL'.ae corr].cJ not com.e back to'l-he seed.l-.irrg irft.er: t--hey

hacl ieft j.t, eil-her by flj-qh'b e:r walking or droppi,ngl from it.

3 "5.2: lìesulLs;

llxcept the one alata rntith clistort,ed foreivings:, norie of

the al.at¡re re¡rroducc.d. be:lore t-ake-off or walking or ctropping off t-he

seetllings (Tairfes 3.5 arrd 3.€') " The onl¡r alata wi1-h dist--o::t,.:cl fo,rew.ings

had" set b-ì-ed c¡r t-hc seedi.ing v;-i'thor.rt anlz lirover¡erit: anif 'p::cCuced Ij irymphr

(l'abLe 3.6) . IJea:r:ly L'¿e" c.f 'ctie test afatae iryere tr:i.rpped :i.ii r^r¿¡ter: (l'al-i-'-e

-7.O) "

The ,lroppinrl off behaviour ot- fliç¡ht rnatur:e Ä" cra-cci¡tcra alatae

may be moïe comrnon i¡r the fjelcl . Mech¿lnical dis'[url¡alrces <lue Lc¡ wì-n<ìs,

rnighl-. d-isj-oc1ge nany alat-ae before they carn fJ.y. During rainy pericrl;.;,

vrings of the droppe,:d alatae rniqht l¡e dj.stortecl and this vuouid ::es;til-t iu

their death or settlj-ng otì a nearby.olarrt- vrithout f-l-j-ght" The settlì"rrgt

by these <lro¡:ped aiataa on ne¿ìlrby plants may resuì-t in patche:s c,f ctr.lonj-zc:tl

plantri irr a fiel-d"

These result-s emphasise that A . craccivo¡a alaL.ae ê.re

pre-reproductive obliga'tory rniqrants. They afso índicatrl tliat <lefonnitios

of wíngs may adversely influence their fl.ight behaviour. 'l'iiis is a point:

of ecoJ-og.ical interesto because irr clense colonies of ?l . cracci.vora j-n thc:

fieJ-d, w-ing distorhion is more coÍìmon tllan mighL be exper;ted, Ï:ecause of

an excess of honeydev¡ excret-ic¡n. Ilesides honeydew, de.wcirops and ::a--j.ns

a.iso clisto::t winqs of alatae in na-tural po.pulations (see Seci:'-on 4).

These results suggesE that al-l these f¡¡cto::s, L.e" o wing <1i-storL.ion bir

honeydew and rains , -'he alataets dro¡rpinq behav.i.our: of f 'the pJ-ant:s ¿tltc1 l.ow



TabTe 3.5. Results of experiments on migratoriness anonE flighlt
mature al-atae of .Aphis craccivota in the lã.bol:ar-ory
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TabLe 3.6.

Date Canister flpe of aphid

1. 10. 76 Teneral al-at-ae

Fourth aratifonn

Results of experirnents on migratoriness among fliEht matitre alatae of. Aphis ctaccivota
in the laboratory with many aph-iCs per seedling at 21.5+0"5oC and 24:O LzD.

Total-
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in water
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Lerrçc"i:at-ures ¿ rìlinlli- scìl:'.i crr.ls.l y l--ii:.tj. i.-- t'[te ,ii,igillr ¿rìd C.i:;irc::s;a j. <;:t

A. Çr:aÇc:ivo):a i-¡r wini:er:i-n Sor.i-l-h Ea::ter'-'r¡ l\us;i:.r¿i-l.ia"

-i, 6 Obse-rv¿,1:.i.cllsì on lirce f liç1hi i-n a. f 1i.glt'L-. clrattiher:

Iitight -ìn wj-nged aphids is i:.rrpc,rl:¿-r-ni: fcrr 1:wo reason:i: firstiy.

froin a physiolcqj-cal pcj"nt- of vier,u j-t is,; a pre-.ì:eo,r,t:Lsj-Le:[o¡:'i:hei¡-'s;eL-.tì-:Lrrq

ancì^ sr.r.J-.¡¡;eguenb. r:epr:od.u.ct-ion (,ir¡hnson l95tì; ,Tohnsor: i.96-i), €rn,.:1 ;;c:con'-Ì-'.y,

it-- is ê. rneans fr¡r: Lhe fui-f ilinent of mi.gr¿i'Lj.orr (Jclrnson .1 960; [z-enr:r.-r-ly f 9t'f ì

in ihe sense th¿rt they leave tireir- b.r:eeriing lrosl; ¡,Ia.rni-.s thr-oiL<;ir ¿;.ct:i vtr

f iight. Tn thi-s ccoJ-ogicer-1- contexl--, t-he <¡ue,.ltícn o-s t-.c i^¡lia-i-- I¡r:c,pcrr:t: j,ons

of a-iatae nray rea.c.h varyi-rrg cl:Lsta¡rces from a solrïce aÍl-er Ì:he f-l-i-t1ht'., Ls

of ¡:arannouni: impo:r:Lance and incieed cliffir:lilt tc l:e aüsv;er:ecl Lrec.ruse: of

the pr:actical- dj-f:Ëicul-ties invoi,ved in fol-lor,ving thesL-: s:mn1l, -i-:r::ç:<-: i:si i-r-t

fl.ight (,Johnson 19:;6). Lal:oratory stu.d:i.es on free f -Light., ì:r.ough rn.ly not.

necessiarily simulate aphid- fJ-jght-- :'-n nature, trc:verLhc.i-ess, qur,.i.tita-tive

information regarilin.g the va::j.ation in flight duratj-c,;n l)etv¡ei.:li dj.ffererrt:

individuals ancl what prcport-ions in a po¡lu-laLion c;n .[l1z for clil-fe.I:errt i:]:tr:.rsìr

can be obtained in l^a-borato::y onJ-y. These data, 'boclet-lrer-' wírÈh rltlal.itat:i-i¡e

informal-ì.on regeirding the influence of diff-'ereni: e:c:oÌ-ogj.ca1 Lac:tclls cn t-kle

fligirt behavic¡u¡: of al.atae, ilay Ì:e useful for an a!ìBo$slÍìen'1. of the

ciispersj.ve poterrtial of an apliid popuJ.at,"ì.on, u.nder;,r. g.iv'en set c'f '.rree,ither

conci.itions" The novel technique of free fl.ight charn-ber: (Ke:rrled-l' arnd-

Booth 1963) is a useful nieans t-o achieve L.he grrant.it¡rtive jrrfor:nia'L.j,c¡n ori

flight capabili-Lies of al.atae i.rr a l2opr-rfaf-ion" The fcltow-ing r¡irse:cv¿rtions

desc::ibe some aspects of free fJ-ight cf /+. craccivora a.latae ilr a fliqÌ:t

chamÌ:er.
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3.6. 1: Met:hocìs

3.6 - l--A: Aphid supply

The aphids wele cu-l-turetl on 2*/+ week old pr.;tterl 1¡-t:o¿,.c1

bean (crrltivar Seville Long Pod) :;eedlings " The plants were ke¡,t'. -i.n

an i¡sectary room wii:h prov-isj.r:n for natural daylÍgtrt through a vcrL.-i-cal-

g-Lass'ø;al-I. The plants which we::e proclucirg al-af-¿le r';er:r: kept l"5j to 2

metres a\,/ay from the glass wall.. Approxímately 9C crn abcve,the ¡rl;.rnl.s,

a bank of B fluorescent tiqhts provicled a 14 hour photopc'.riocI " 'J-'trt: .L-"Li.gJrt

matuïe alaLae were not attracterl t-o f]uo::escent lights; ins'Leacl tiro'¿

\,,¡ore ä'ttracl:ed to natural day liqht, a-rtd flew eiLher ÌIÐ:t:izorlt-¿rl.-11¡ or

diagionaily to land on the glass wa-I-I" "

îhe alatae which were wal-king on the glass wall were col lecte,:l

in a glass tube (5 x 3 cm) for fI.iç¡ht test"s and these a-re .i:eferrecl, i:.,: a.s

ralat-ae of 'unl¡.nown aqe and flíght history' ín the text. The al-atae

w-þj.ch had just taken off from che ptants were also coll.ec:1-ed so(-rn ¡ìfter

tireir ianding on the gl:rss wal-.l , and these are refenecl to A5 Inev¿ a-i-¿i--ae'

These were kept either: in glass tubes (f5 crn x 3 cm) in groups of 1.0 Lc

15 or singly on young detached l¡road bean leaves in glass l-uÌ-:es.

3.6" 1-B: Fligh t chamber

,4 moclified Kenne<1y fLight ctramber' (Laughlin L974)

was used for free flJ-ght tests " It \i/as a vertical. win.1 t-unnel

(l- x I x 1m) in v¿lij-ch the air speed could Ï¡e controllecl and the di.re;t-j.r:tr

of airflorv couid be reverse<1 " Tf- r,¡as, therefore, possible to fly al.atae

at a desir:ed fevel beneath an overhea<l lj-ght sculfce. Tlie inside of the

chamber v,ras painte<l l¡lack. The tol: screen \^tâs of black i,Ìirre rrylon nel-.

except- a 25 sq. cm. wh-it-.e nylon window i.¡r the c:+3nt;re, fc-r -i-l-l-unirration.
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A 10C \vatt inc¿1ndesìcenL J-am¡: r.Llr:nr:i-rra-i-crci t-he <:i^'annÌ:c-i-. 11'he tl:tn1reì.'.,ji-L-r1r.t)

i.r:r the cilal:rúcei wíj.f: con+-l:ol-1-ed blt an air cr¡nd.ì,È-lorle::. ,1 the::lnist-orl

I-)t:olle ¡:laced in one of il.'re sic],e wal-i.-e re:cortlr:<i ihe tetlperat:ure- lf'ire

spc=cd of aj-:cfl-ou¡ j-n both .the clj.rectÍonr: was c¿r-Libr:¿rt,ed iry a b.rtteily-op€:riìt-rir-i

ho'¡:*v¡-i-r:e anelno¡netcr: Jrefcre iî1 it¡ih't test¡; " Var:iat-íons j-n 'i;he a- i:¡:f ,i-orry' cr.'-i.r- -i r:q

'i:he fti.ghb test-.s v¡elîe recorded- auLom¿rt-.j-cal-J-v ou the tetnpe::"rtr:::t-r cJrort l::7

a penc:i ì, marker, v¡hich r,vas l-j.nked wj-tti ajrfiow sont-rol -Lei¡er. fut insi'."rut.

el'enL ¡rarl<ervras ínsta-L.l-ed to mark tire t--im,= r--f l:ake-o:[.fs ¿¡-uci rtther f-L:i.r¡]ri

ir''ciitents d'.iring flÍght 'l:.es'bs" The unintei.rup'iec1 fì..! ght <1ur'.at:j-c;l-r.ç of

indivi-d-riaI fl.iers ì^/ere recorcle,l by a s'bc;p watcli"

The b-er,lperabure in tlie c'.ha,'nbe:: r¡a:ri"ed betv¡een 23 anci 29o¡.:

durj-ng the fliglrt tests. Tire maximum speeds erf u,l:w¿rrd ¿rt¡.<l dov"nwar'.-ì.

a-i-.rf-l-oivs were 89 and 108 crn/sec.

3.6,I-C: f':iocedur€r for f l-iqht i:ests

The airflow v/as stoppecl aild Èhe al at'-ae rte,i:c 1;J.ac:cc1

sinql.y:i n the centre of the ]:otbonr screerì a¡rd allor.,¡ecl to t¿ri..e off oi':.

the:Lr <¡'¡m. In case of Lhe alatae kept si-ngly on l¡ean leai¡es br:torç;

tests:, the leaves with the aL.atae rvere. placed on i:he l¡ott:om:lcre)et:t.

i'l¡en the al-at.te tool< off, a gertle upwai:d a-i-r:f-l,ov¡ was aIJÞ:iicd t¡;:i:i.i-r-.hc

flj.ers ner-e 10--20 cm beneath the light- window. The d:L::ec'Ljr¡n r¡f the:

ai¡:fl.ov,'was reversed- at tha.t st¿rge to pl:event t-,irr: f.li.t-:rs f¡:otlr laulli-rrg

on the l-iqhL r'¡Írrclçw. If: the f.I-ier:s l-tegan to sinl'. clou:Lt, the\¡ wt':re

sl,ipl¡orted by an ap¡-rrop.r:iatc'r r:pwarC airf-low.

Many al.atae were lost du-rj-ng their free flights by eioch,;:r iairriii:,¡

on the wal]-s or comj.ng out- of the chainÌ.¡eri anrl tl-re fl.iqlit durat-ians

recorded. ärust tlìerefore be regardecl as mirr-i-m¡rì-"
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The alatae rvhi ch i,id rìot '¡:ake of f on the-i-r own un-i:i-l rifter

5lnj-nu.tes of beir:g placed on the l.,ot-torn sc.-reen, v/ere takc¡n on bha i--ip

of a firre br:ush an,i droppe<1 10 tíntes fr:om a height of 50-60 ctq" l-f

fl-'.ght vras not j-nducecl by flicking, the alatae vo'eLe r:egarrle<l as incapeilole

cI. fl.j-ght.

3.6.2: Results

3. 6.?-A: Pre-take-'off behat'iou.r

The alatae kept in ç¡.l.ass ttü-res berfore fl.iEhL t--ests

wanrjererl in 2-5 cm dianreter ci-rcles and sern-L-ci.L:cles frorrr 5 seconCs Lo

3-4 rninutes. when placed on the bottorn screen. Durinc¡ ttr:i s t.:i-me thr:l¡

operiecl and closed their wings several- times and oft.en kc'rpt the.: ';.'ir,1ts

r¡erti-c¿rl. Those which toc¡k off on l:heir own carte to a stancl.still befr.ti'i-t

Lalii-ng off, r,vaved tireir antennae continucuslyf opcned wi.ngs ¿-;nd i:n'>l.. crl'f

i-n 2- 4 secon<1¡; "

Of the alatae kept singly on bean leaves, a few dj-d nol niüve

fcr I to 10 minLr.tes; other:s walked half-way alcng the ieaf eages ¡-iever¿l.l

b.irnes from 15 seconcls to 10 minutes, before L-.akj-ng off. ¿ll .1- these al-atae

had been col-lected soon after thei:: fj-rst fli.ghts and were kepl- ctl ):e.in

leaves for orre to one and a ha.Lf Ìiours prj-or Lo flight t-ests; anrl Ltrc-ir

reluctance for a secontl take-off vias l:emalîkable" The relucta-uce fcr ¿r

second take-off b1z the alatae from a hosl- Flant may shorten the ranqe of

<i.j.spersal- of alatae of t.his spec:i-es in'hhe -fiel-d. especí¿rll¡z more so iri

cc¡ol weat-her.
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3 " 6 .2*B: F-l -igirt ca.r1r;rbility

The f-l-iqhi- test proc(:dure (íiection 3,6.i."-C) en¿rbl-ecl

cla.ssification of the a.latae into tlv"o groütr)s ori th,e h'as.i,s r-,f i'-lieir fliglrt

capaloj.lity, i..e", f1i-ght capabl.e aird f3-ight- incar¡:abJ-e- The fli.ght

capaÌ:le al-atae can be div-ided intr: t',vc¡ !{rùups on the J:a.sj-s of l-ire-i.r:

r:eadi¡ress for: fliqht, i.e", the fi::s1.: çfroup woulrJ consí-st of-- 'l-.ïri: rlJ.a't;¡-r=:

rvhich Look oif on their own; the secor-rcl q:roup \.¡cru.i C ccr¡!r::-is"-l t-.trose whicli

v¡ere rel-rcta-rrt to fly on their orvn atrd couki oirly l-,,e:'.üciuceð r:o fi-y- by

f licking "

Of 25C ala1-ae of unk¡ior^rn age ancl fli.ghL lrist--or"¡, j-L ';ve::e

incapable of fliglit. 'Ihese al-atae- uoirl'f onl,,* opex ano hal-C their '',;.ings

ín a verLicai positj-on when dropped but c;oir,.Ld rrol; f11'. 'Jlirase we::e

prol:ably old ald r:eproC.ucing o-latae whicìr had ciroppeÃ oif" crr: walk,eC

away fr:om the planl-s to the qiass wall of Lhe ii'rsect--a.r:iz ¡'p9'¡1i. TÌ¡É:se

flight incapable alat-ae Ìed t;o an exp+rirnent on rving rnusc.îe aubolJrs;ís

(Sect-i-on 3.7) .

ÀII the new alatae (66) flew fc.¡r a second time in f1ì,ghl chatnit-:r-,

I-2 hours after- their firs'b f1:Lght.

3"6.2-C: Pattern of free flíght in rel-at-io¡i to siee of

the aiatae

After tak-ì-ng off . the ala'i:ae Jllevr spj-ralJ-y upr/¡âl:ds

towards the light window. LarÇÉr alat,ac: fl-ew ste"rdiJy in spirais of

approxi.mately 20-30 cm oiarneterî, rvibh rnj.nimal vert:j.cai moveneirts. TJhey

flew fo:: J-onger per:iods afso. Snal l alatac: fl.ew -'i-n narr:ow spirals of

app;:oxinrr-:te1y 6-J-0 cm cliamet-.c'Li and becaüsr: of "¿herj-r: frequenl-- verti-c¡rl
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movements, they r,;e::e dÍff--icul.t 'to hancll-c.

dural,ions "

They fl.ew for sllc¡r:L

3 . 6 . 2-D' !ll{gi:i_9r¡_9.f_ f{S9;l!ì.s!_i:_

Figu::e 3 " 5 sho.¡s f requency ciistr:r'-l¡u'r.ions of n:itr j-ntrm

reco,":'dabl-e fliglrL duraùions of the aletae" AmonçJ 'the al¿r'l:ae c.f un.lçlrown

ac;e al:d fJ-Ìght h:r-storyt, near-l-y 65tà f.iev¿ J-or more th¿ì-lì one ni-ilìu.te anrf

I 5î' :fletr fcr lnore thair 5 minutes (Figu::e 3. 5-¿l) . T'he corl:esponci:Lrrg-

F'lercentages amonq 'new alatacir whiclì were kept in g,L;is; t'.t:Ï:es ¡:rior: t--o

flighL tests, v¡ere 60 and 30 (F-igure 3.5-B) . Ämong tilew a-ì.¡..tae¡ ,lrepì--

sir.rgl-y on l¡oung bean leaves for one ì,:o one ailct a half J.lours, 308 f,r.evr

for mor:e than one ur-inute and 10% for more l-Ìran 5 rn.i-nutes {Figrrr:e 3,5*C) "

It is lilcely thal- a compuls-ive stay of one to one ¿rnc1 a haLf hou.rs bi,'tkrt'

a.l-:rtae on a host leaf, after their first take c¡ff, had ar': aclv'c.i:sc effect:

on the duratio¡r c-¡f their subsequent .r-'Iights "

3.6.2-E: Rate of cl.iinL' of the alatae duri.nq free flÍcihj--

The alatae v¡ere balancecl by an appropr.'i-ate downv¡arrj

aj-rflow dr-rring thej-¡'free fligrhts, so t-hat they coul-d not l.ancl on t[-l<: light

r.¡indow of top screen. An estinrate of this balancing airfiow pr:ovj-deil a-

meastire of theír rate of clinrlc dur:lnE free flight. Fate of climl-: in

early phase of fli-ght varied betwe.en 45 and 60 cm,/seconrf . Changes in

the r¿rte of ciimb hrere also variai:le for -inclividual flier:s. For: the

al-atae wit-li susta:Lrred fligh'cs of more than 1,0 minutes, a stearly raie

of climb of .I-0-20 cm/second- was observed for ar greater ¡¡a.rt of thei.¿-"

flights.



¡'.rcluïe J.5: Frequency clistributions of flight durations of

A. craccil'ora alatae in a flÌ-ght clramber"

A = A.Latae of unknown age and previous flight-

history (tot-at alatae: : l-06) -

B = Alatae col-lected soon aft-er t--heir first

flight and kept in glass tubes (total

alatae = 43).

C = Alatae collected soon after their f-irs-u

flight a,nr!, kept olì )2o11¡g bean leaves for

\ to l-tz hours (total alatae = 23) "
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llhe ol¡sei.t'atj.ons oÐ. pj:er.-t-.¿1.-e:-off itc:havj.our an,f f 1ìq1rt c:ri::rL;_i.J.-ì.L.,,

of al.at-ae in /r. c:t:ac:c:i.vorâ aï.j nol* r-rnexpectecl. f-it¡til¿ir -r:ci-;u-.1-t.s h¿i.¡e

becn re¡:ortecl for: ltphi:; f.abae (Jolrr-rscn 1958) " Tll-¡e scjanll/ :ii'rfonriai--iorr

reporte<l abor¡e, ori c'l-ist;ril:uticns of j--i-iqht dr-rri:tj-olr-s t:oge;tìri::r: t¡-i-i:h t-htr

rater of cli.¡nl: of alatae j-¡l á" c:racci-vctta, -is alsr¡ in co;rfc:r:::rìLy w"iLh

the f indingis o:t simifar e><¡:e,rr:iment-s .j-n Aph.í s f a"tae (l(errnccl'¿ ancl I;cc¡tl-r

L.l)Êr3 ) "

T'he daLa on drrr¡rt:ion of free fligh-ts ¿iird r'.';ri:c of c'i-ilnn of i:he

a-l-atae dc, not t"e,:11. anytì-ring about how J-onq Lhe a.La{-a-e cÌo f-l y oï caiì f-ì './

j-n natur:e; v¡hat Lhese data pr:ov.i.cle<1 .is empi::-irc;tl evide'lìl.:e on che fiLiçirt

capabì.Ii.tj.es of the alat--ae. These ca'pabiJ-ities,. at 1r:a-st-. iti ¡';tr-'.'.,

suggest that t.he alat:ae may reach long rìis'bances orl vr.i-nd. cu.i::,ents, i"ci".

a lr-ast I.ink v¡hj.ch completes a whole bocly oLî emp.iri-c¿r.1 eviclerr,'<:e i.n sripirr;::l:

of tìre thes;is that .A " cracc-ivora i-s a mi.grant spec-i,ris. Rr.r:;irl Ls on 'i-i:e:

hicJh alata pr:oducing capacity (see Section 2), aird the -Lnl'roi:natj,on <¡:r ì:i:c

pre-r:eproduct-i ve obliqator:y f light l:ehat'j-orrr of t:he al¿ri.ae of ih:ì.s spec.ì ei;

(see Section 3"5), are other components of empi.r:ical evi<lenr-.e ir: 'tl'js

respect.

3.'l; Vf.inq muscle autolysÍs i¡t the l-abcr¿.-to::y

It is v,rel.l krrovrn t--ha-t wi:-rg muscles of herl:acr:cus apil,iCr; uirciergo

aut-oJ-ysis foJ-lovring thej-l settling on a host plant (,1'ohnson .1"95',7¡,) . A

sirrç1.e }al-rorat--or:y experi,Írent v¡as designetl l:r: st.uciy the occ:urr:en.,-:e cf

aut-clysis ilr å" c¡:acc-ivcza alaùae -in relatj-on to a-ge.

3.7.1: Methods

A labcrratory cirl-trrr:e of /.1 , çr¿tctivo¡.'ä \^/as rirainbaj.¡retl

on 2*4 v¡eek c-r-l.d pol*tecl kr.roarl bean seecllings (c'r-ri[j.var Sevj..L.Le T-,onc; Pr,-d) ai:

2O*25oc and l-2:12 LD cyù:[e. 7J]rc:ut: BO-90 r-eirer¿:i-L al-at:.=.c-r w-i-.i-lri-ir 2.-3 .hou¡:s;
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of thei:: mculLj,ng-v¡ere transfer;re¡d to a 2 weel< olci- Cìecapitarted- broad t'e¡rt

seediínç¡. Aft-er transfe:,:::--'¡ng the alatae, the potLecl seedl:i ng was

coverecl with a lant--ern i,aD.tp ca:le and.ke¡:t ¿lL 25oC ancL L2:I2 LD c)-'clÊ.

A sa.r.nple of 5.-7 al-atae r,,ras taken ilail-y, starting fron c to l0 days f'or thc

study of the a-t-rto-LYsí.s.

The alatae r¡¡ere kj-tled end fj->le-cl in Lreshly prepared alcoholic

Boúiri's fixat-.ive fc¡r 24-4n hours;. llfter fixati.on, they were cut i.n ì'rail:

J-ongitgdinalilz a¡d lefr. far 2-.3 h<¡urs jn 50% ¿tlcohol. saturatecl with Lithiurn

car:borrate, tc vrash excess of pic::ic a.cid" The cut' al¿itae wer:e then

ilehyclrateri in 70, 80r 90, 95e" ancl absol'-ute alcohol fo¡: at least 5 minutes

at a conce¡tration, cJ-ear:ec1 in clorre oil for: 3-6 hours arrd rnountcd i.n

Canada bal.sa¡r. fhj-s met-hoc] ¡ll:orzeil quite satisfactor-v for de'bection of

wing muscie auto1-ysis, as the f j-l¡ri.Llar bund-Ies were distinct-'iy seen untle:r-

a niicr:oscope, Itc.{:.ruse of a light g:i:eenisìr yellow tinge of picric acici.

è"s no a<1<1ii:ional stalning was invoived, this method was si'rnple an.':L a-ì'so

less'l-ime consumirrg"

3.7 "2: Resrr..l-ts

sinilar to tkre Ehoracic musculatu::e of AplTis i'abae, as

described by lrreber (1930), cio:rs;a.l lcngi.tudinal muscles I and II, dorsovenJ-r'rl

rnuscles f ancl II, arrd p.l.eural muscfes I and fT are fibrillar musclles in

A. ctacc:ivora. The dorsal ol:tique n'.uscle ís well developed j-n Ä' ctacci'vora'

AII tlrese rnuscl-es in Ä. craccivora unde:r:gr: autolysis '

Intac:t muscles v¡ith closely packed fii:::i]s v¿ere see)l in the

teneral , I and 2 d,ay ofd alai-ae. Disintegr"ation of fibrils in the muscies

vTas observed iir 3 day old ¿.rlatae. Thougli the fj-brifs became loose and

vravy with the ageing of the alat:ae, i--hey d-icl rrot di-sappear cornPl-etel-y'

e1.en in J-0 day olil alatae-



The¡;e results -i-riipl-y that the f:1.ÍgirL c;ç,rbi-iity r-tf. ,it. cracci.\,ttra

ma.y de<:::easo v¡ith agej.ng" At lower t-einpera+;u-r:esi, t,Ìre ¿tutof]¡l;is rns-y be

6ls-i-¿.yerL ancL Ll-re al-atae nr,;.y renain fLj-qht ca.pab.i r::for:r:cJ-ative"l-¡ lorrøer

peL:-ior1s.

3"8: Reproduction and fl-j.qht c;rpabj-lit'i arùonq t-he alat-ae ci¡l-!-eci--crf

fron a parasit-i-ze,f :lnfesta.tion

l'he observations reporteC irr this secti-on clesc::iJ¡c: Ce¿rimenL"¡.-l-

effects of pa::asitjz;:.Líon on repr:o'Juc'l,ivc¡ anC f.l-jgì.ri c;a¡xll:il j-i:Les of

A" ctaccivora ¿r-l-atae. which \^rere co.l-lecteci fro¡n arr irrfestat.ioiì otl Ìrrr:¿rcl

Lreans 
"

3.8.1: Methocls

'Ienera1 alat-ae with opaque wings; rvere c:ol lected j r.r

AprÍ1 1976 frorn a parasitized j-nfestation on J¡road bieanrs j-n ilhe .Þ.1-r¡e¡:r;i-<il<r-'

o::ch¿rrd. They were kept singJ-y on the undersurf¡rces r)f'h;-rsal leaves c,e

1-2 week o1d potted and decapitated broad bean s;eedii-ngs. Snrali le:¿:f

cr¿rçtes (I x I.5 cm diameter) were used to corrfine lhe alat-¿re cn leaves"

The seedlings were then kept in the cl.rri; for 42 hou::s ai: a tet:lperatr¡:,:e of

ZsoC" The alatae were then teste<l for flic¡ìrt capa-bi lif-y' in l:he :l'-lj-Eltt:

cha.mber .in a s-inriJ.a:: way desc:libed in Sr:ci;ion 3.6.I-C.

3.8,2: Iìesults

on the basjs of resul-'t-s (raÌ:le 3"7) these a]atae cau

be classed íntc three groups as follov¡s:

f) T'tris group consisted o:E l-he al-a-tae rvhich ira<1 rep:roclucer:L pri,:r.: to

flictht tests and were still fli.ght- <:apable"
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2) This qrour¡ -ì,:ic-l,r:u.l,.ríi- l;hr: ¡rl.a-i-ae r.llrj,cit h¿.rd n(-ìt- tt':I:ro<ittc<,1r1. pr-irol: l--{;

flight tesl-s and vrer:c sti-l-l f1-:i.qht capa.b-l-e"

3) Th.is groutt) complîir;ed tlie ¿,rl-atac: rvirich hao not, reprr;iitrt:e,f :,ri-or +:t¡

f-liqtrt- tesLs ¿¡lid .l.ost-. t.l-,erj-i f1,-i-c¡ht capabiii-tY â,-L:;o. 'ill:reso ,:'ul.af-"'ìe tr'c.:rc:

pa.r'asitized" Threy cotil.cl c'n1.y o¡re1 thej.r winqs¡ bu'.: cc¡u.ld noì-- 5¡1ppç=¡

t-Ïieir swol.lel bodics j,n free f1-ight" 'Ili.¿sc al-¿rtae inr:i,icat,r:c-L ilet:r:i.rne;11:-;ìl

eft--e:cts of pai:as.it.izat:i-on on their reproauct:Lc,rr as we:l-,! eis 1-'liqht ca,oabj-1:i.i:'l .

3"9: D,L sal 1:t:or:rr of the f i i t- rn.rture;-rl-atae -ì-tr a -"ri'i¡¡-ll.

brc¡¿rcl irean p1o'L in rvint-er: t

'Iire experilüents and obser:vat-ions describecJ abovc (Sc-:c1-i-ols -ì"2

tc.r 3.8), provicled an qnderstanding of sone basic eco:[ogJ-r.:;:il. ancl ¡:li7:;:i-oI'lgic,a.l-

aspect-s of fligtrt l>ehavj our of A. cr;¡cci.vora" Tiiese restrl.ts, ho*.';'rtra,t',- cto

not throw an1'1ighi orr clis¡>ersal patier:trs of the ala{-.ae ilr t-htr f:l-elci"

Heathcot-.e ancl Cocl,J>ain (1966) obser'¡ed shorï: f J.igìrt-:s by ìult-ztt:; p(31:sr:cdie

wj::en the e¡rvironmen'ta1- i-em¡-ierar-u-jre w¿s not: suff.icíerrt:J'y al>'ovcr ¡:hr: f'-i'i-gh'i-'

threshold" Cock-lcain (l-96fb) âl,sio rîeportecl si:rü.Ì¿r:: ol¡ser:v.tuioi¡:i it-r

Aptt-is fabae" tvtigrat--ory anil tr-ivia-1. f-lighl-s ha,ve been v¡eii crÍsì,iugoi.shed

in t-.he fiel-d i;r t-tr.e syciltrore al¡Ìríd , ftt'ttp,triosipliunt p-r'af:l.rt';-ir-ìes; (Ð-ì ><oi'' 196?ì -

.¡he res¿lt-s ::eç¡ardJ-nç¡ the freqrrency dist-.ri.brrt.icn c-f tal';e*offs in r-el-a.i:-i.t--'¡:t

to incr:easing temperaturcr (Secl-:Lon 3"2) ancl the cLurar¿ions: ':;f :free f-l-irlhts

of the alatae j¡ the f1-|ght charnber: (Sect-:Lon 3.o) aiso.i.n1pì:Led'1,:',¡r'l- noL-

aIl f lyi yßJ, A. craccivot:a ¿rlatae a,::e .l-orrrj Cista-rice rnigranLri. :¡lhe fcl.l oi*j-'rr'l

expejriment was, desigr-:cC to oÌ¡se::ve the <1-is¡:er:si.'.'e l:ehavicur: of the fÌighÌ;

matu::e aj,a-tae f::om a plarrt anci. str.rcly i:heir C:i.sper:s.;al patte::rr ;i-r, a s;¡rral I

broad bearr plot on 2 coc¡l ancl dry <1ays in ritiC-.)ur-re l-91 B"
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3"9".1 : Ilc':tlr.c>cls

l0O ;rpt-er:ca-e were collectcd frt:ni ¡¡ lcroaçl }:o¡ur -i-rrfc:-'i,c.t-.i<it-t

ancl crov¿rJ.eld j-rr a s;lìa.J.l çil.ass Lrrbe (5 x l. cnr) fr:r: 3 hot¡-:r.s" 5Ü .'r,¡-:i:r.:t-.ìt)

rr¡r:re pl-ac<rit 6n €:ech of tv/o, 4-6 r.¡esk olcl po'i:-t-ed i¡:,:oacl luearr. 1:.ì-arni:s arrtL

left for 1ar:viposit-ì-o¡r j-n an inse<:Lary roam v¿.i-l-.ti 20-21oC anil a i2 irour:

photoperi.cC. 24 l¡our:s l"aLer, the apterae wereì remc'r:c¡ij r¡ith ¿r f:j.ns Ì-r:.i:islr ,

Ieavi,ng rr;rnphs. A high propcr{;:iroli of these n1,r'phs cr,eve:lo.pêd ir1-o ai"a.1--a-c"

Brc-racl be¿ln seecls (cuIture ).2'l ) rvere soal<.ecl íti v¡a ler-' oveL:n.i'9hi;

an<-l- sown s-iirgi-y iri'L.he Universitlu of Cal-ifr:rnia Foti:ir:c¡ Mi.>;¡u::rt -iir i-rcr.=,i:

pr:ts (5 x 5 x 5 ct-ir, .lif-Í:y strips ldo. 517) " 'Ilre ¡rea-t i:ots i¡/e.cc iie-p';. .i-tt

a g!.'asshcu-,çe al'1 v'/atered whenever r:eÇessar)z rllL--il- i:he s;:<t<J-:-ì':tu,s 
":''li:":

t0- 1.2 d;rys olcl.

An opÈn s-i-terrrLeasu:ling 7 x'7 m and free fro;it ¿!r-l\7 s:Jrâcler \.t7õis sclc.rc:'tl-eci

i,r'i the Alrzerstcl<e Orcharcl of Wa"ite TnsLiùute. À11 l,¡ec¡d.s wr:re i:ernovei

anct the so j-l- r'¡orl<ecl to a f j-rie tj ltir pr"ior to pla-ntì.ng r:f i-he seed"Llngs '

8l- seedtings vlere pltrn+;ed rr'i'b-h a spacing of 80 x B0 e¡::r in 9 L:owri, eac:h

rvith g seed-l-i.ngs. lfhe seeClirrgs were i:rr:igal-ed wi'Lh arr o.;¡¡rhead

s,uri nkler wher-lever necesjs<r.ry.

On the er.ening of the J-2th clay.after planting, al I t-her piants

in the experimental ptot r,rere cleaned o:l aptlid-s and their pïoqeny. Onli.'

three A. cracc:j.vora ala.t-.ae had estat¡lislied colonies on 3 diffr:reinr- plants

cluring tliis perj-od. The central pì.ant (tì-ie Sth pJ-ant ii-i'Lbe 5th::ow)

\^ras uprootea. and the soil- was J-eveiled. Tl:e. exper:iment began oiì the

fol-lo'¿ing d¿ry.

A pottecl krroad l:ean seeclling of the sa.rne age as Lhose i.rr t-i-r,.r ¡li-r>t

vlas decapi-tated, -l eaving ¿r I5 c,m stenr lyi'bh .t Jr"rsa-ì- le¡rt'es. LûCt i q)lrrt:,1"-irl

a.Lataerrnoull:e¡<l during one hour, v¡ele t:ransferr:e:cl onto r:he -Leaves ol Lire
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derc;a-¡rit--abecl seedt-iriq be'Lvrr:en 9 aucl -1.0 ¡rnr" 11-rt': seed,.i-jnrJ \ü^.i'i tircri le.[t'

i-i¡blre da-rk (-i,n a cage Çovered ir.: b-l-a:ck cIo1*h) a.t- 20-2:l.oc foi: j./l ]roi:::...,

sr; that the alatac: v¡oulrl L¡econte flicllrt mat'Lrre,:.

The c.rge r,"'j-th tlte alatae iças; Lalcen to the _ÞIoL +:ire le><l- day

ar:d was kept- there for 2 h<-¡urs " ?\ metal. t-::a-y (45 x 30 x 4 cn d.ee1:)

r:o¡Lailí.irq wa't-er and cLe'tergent ruas placetl jn tlie cent.r^e of the 1ri-oi".

Tlhe s;er:cl-ling vri L-.h the al-atae \4'âs pl¿:ìced -in t--he cent"t'e rlf l,'irct t-:r;¡-i' o.'

a wooJen platform (10 x 10 x ,i cm liic¡h) " The pllïpo.¡e of bh"i,s nl<¡at:

was tr¡ trap those alatae rvhj-ch walkeä or cirop,pecl oJ:f the:;eedljncr"

A shacied therrn<>l-ryg-rogrerph, placed at one edge of the plot- reccvded L.hcr

tenrp.eratr:re. The exper:irnenL \,üas rePeated on Lhe fc¡i-Io\^rinrj clay i'ri.t-ii

5ì. fJ ighi: mature alatae.

?, .9 " 2.: Rc:su.ì-ts

1OO flight mature alatae v/el:e evrposeit in the lr-Lc¡'l l'<¡l

cispersal on fStli Jruie 1978 from 2.40 to 4.50 pn" Î,c was a ca-l-tn ¿¡¡id

c;ornpleteì! cloudlz day and the ternpe::ature during the exposure peric,:i.

ranç¡ed beLween -13 and 13.5oC" None of the a.l-at,a-e ej.t-hc;r'L:ook o:lr- o::

d-roppeci off the seeclJ-ing until 4.50 pm. The seedling was r:emr¡ved. i,::c'¡;

tiie ¡:l-ot.

Al-I the plants were chec:l<ec1 for immiqran{: alaÌ-:¿¡.e in the nio:njnc,l

on 16th June. There were no alatae. 5l f-l-icjht mature al.atae',vev-e ttr:n

exposecl fcr: clispersal from 12.00 nccrn to 6.00 pm. It v¡as ir r.ri.trdy zrrrcì.

completely c:Ioudy da-y ancl the temperature duríng the exposure pe.i:íclC va.rierl

betv¿een 1.2.5 and 15.SoC. The r'¡axi-murrr 1-empe::a'Lure fastecl- for 10-15 milÌuLes

onJ-y. of 5l alatae exposed, 25 werr: mise-ri-nçJ cn the seecif i-ng a't- 5"00 pru"

No aLatac-: were trapped inthe water Lì:ay. Ãi-1" Lhe plarrl-:; t.te::e chcckeil .
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J¡tit none hecl aily ¡lat-¿r.

llhes:e obs;r.-::i'.'.,'a.t:i.ons; irrri.i-c;a.tecl tv,'o aspect-i; of di-:;per..sa"l bel:la'ii'-¡t-1.r"

of ¿" c¡,;;t.cci-voz'a aj-atar: :Ln t'rro fj-eI<1.; fir:stly 'i-ire concept-. o:i- ope¡:a.t:i-on

of v¿-rri¿rbie i'"ern¡ri::-.cli:11:íre 'Lh:r:eslicIc1,..; for t-aiçe-off vrj-'1.Ìri.n a piip'*lt'il-ic¡ri r.,f

fl-.ie-rs; at)cl secolrlly t;:c f1ì.ght' per.sistenc:e of the f lier:si t-hc persi-s!ryiir.--t)

v¡hjc;h event-rral.ly carrÍ.t:d thent itway from Lhe plc:t-

ll.,ite cirsorr.¡.Ltj.Oils c;r i-he fír$t cl¿r-y -in,'lj-c:.]'t-ed t-hat uo d:-ssi,e;s¿.'!- can

ocÇL1r at -1..1--l-3.5or-: in l:hçr fj,r-¡.}-cl" Talce.'-off by 5Orå alat¿rÈ cÌ-r t-bc secorrd

da-y incljcate<i that n,:rt .::-i} Lhe al¿rf,ae in a- poptilatj-on had 1:he Lì¿ain(:4¿alie-(-'lìf

tirreshol<l cf 15 " 5(tc.

Lt was i.¡Lerr:stinç¡ to fj-nd out tha.t even a.L ¿:- Letir¡:er:o.t-.1:ïe of

15.5cCr r¿hicÌr was not sr.ri-tat¡J-c: for Lalie-off by al.l- 1:he exposer:l ¡¡l.at-.ac:

on l6th J¡¡ìe' thr¡:¡e which hacL flown <lict nut- make shor-'t or: tr-i,v.ì.al i-lìgirts,

asi ex-pect-.erì, }rut- wer:e l-osi fr:oro tire p}ot. Thj-s l>ehavjo'ttr iniiic¿:t+-ed

t¡eir ;,ers-ist-.ent ÌJ-ight away from thejr host" piant, c1:¿rract:e;risi--ic of

adapbirre migr:ator.y behavj-ol¡r (J(ennedlz :t961, L9"1 5) ¿ e'!'eÌr at Ierçe r--att1r:e:s

just below the i--ake-off thresirol-d. The iurpiicatiort of 'bì'ris pat-terrr of

f li.qht, especialll- f-rom isof .rted paLches oÍ irifes'i-¿Lions, woLr.í.:l be tl:re

rlispersaloft-h-isspecjesa\74\,¡fromthepatc:hesofit-'shostplanbls'

especialty whcn ì;he mean "i"s oL'host piamt- pat-ches is sniail in a. localit-ir"

l,luch rno;:e work is ¡eedecl along these l-:i.nes fcr a f:'ull-e;: t¡.ndersLai;ciìr:E

of the clispersal-, as well as i:he post fLighL behavjour of: t-.ire a-1ai:a-e in

the f ield unclcr vat:yirrg, v¡erather components , i. e. , t-.ctirperature, rel at-:i r¿e

humi-r11t1', cloucìj-ness ancl windspeed," A s¡:j.ta.trlr¡ ntc:thod for niark-j-nç; the

flighL naL.u-:'e al-¿¡-t-¿re in i:.he f.ietcl populatjons, such ¿rs the ilse of a

f luorescent dus t, tnay ¡lerhnp=; grea'tly fe.c;j,1it,¿rte s;uch :rt"uidj-e:s "
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F.esuLts of t.he er:;ort::irnent oü ì:emper:ature r'elations of i.:¿¡kÉ-:"-off

irr Z1 . craccivora indj-c¡rteql nc take-offs belov¡ 160(: and appr:o>r:imaLeJy l¡1¿

f1:'-ers Look off between 16 arrd 23oç" Ti're frequency <iist::j-iruùio¡r rjutrve

for take*offs'ls rrnirnod¿rl and slcer¿ed to the ri-ght. The uppe:r iet'rrperatt.ri:r.:

limit for talçe-offs v¡e.s :32oC. Of the alatae t-ei;l-ed-r 38% wa-l-k;ec1 off

the plants ar¡d. 22% ð,id noL fty but st-ayed a-ncl rc:proctuced on 1-rro;r'.1 bÊ:41'!

pi-ar1'ús" It -ic;-rrobable that these al-atae lJelreì prevc:nte-c l-'rcrni taki.nq oi:t.

due i-o c1¿rrk when theiz |¡¿1¿ t¡eccme fJ-ighl- r'natu.re" In field. flj-qhi: inatu::e

alat:ae Cid not take off irelow :1.5.5 - lO.5oC.

In lal:or:¿rLory, dura't-ion between ecdysj-s ancl fjr:st take-off

at 21.^22oC is Il- to 12 hour-s" Labc¡:ratory experi-nen-ts and ficrl.C çi:;sel'vni-¡.ons

ind.icated clevr:iopniental- anri beha.vior:ral compotlenl:s of terrera.i stüge in 1-jrjs:

aphi,d. The pre-take-off activit"y is a relj-a-b-r-e cr-j-te-rion fc¡r' del:-'rnj.lci

ftight matuL:-l1:y in k¡oth laboratory arnd field conditiotrs.

Laboratory experiments on the assessment of rnigr:ator--j-¡ress a1:

2L-25oC, 24zO 1,:D cycle an,1 560-.600 lux indicatecl 'bhat "ð. craccito¡'a al-¿ri-ae

',vere obligator:y pre-reprodl'"ct-i,ve fliers. Irr fiel-d, rains, e,'<cessi hone¡r

<1ew and parasitiz;at-.ion cause wing d.istort-ion anct may f.i-mit fJ-ighù nncl

clispersal of al¿rtae"

In a free flighl: chamber 65e¿ alatae. flerv f.o:: l-*5 minutes ancl l.5e¡

f lew for m<¡i:e 'bhan 5 mínutes " T'he ra,J-e of clirnb of f liers varj-ed h'et-v¡eeri

10 and 20 cm/sec"
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Irting niuscles of lI . craccivota sÌror^¡cil first si-gns of autolysi.s

in 3 day old alat-ae which vrere kept at 25oC in the laboratory. The

auto.lysi-s progÌ:essed with age; the disj-nteç¡ratecì fih-'r'ils díd. rrot

disa¡rpear completely even in 10 day oi-d alat:ae.

fn field, par:asj.t-ization adversel"¡ affects reilroduct:i ori as lvelf

as fli-glrt capcrbility of alatae" A fie¡ld plc't- exlrer-i-Inent j.trclicat-etÌ two

features of alata di.spersal" Fifty percen'L fliqht nLai-r-rr:e a1al:¿re ilid

not fly at 15. 5oC and none of those u'hich flew was formd on t-t'e srrrro'rrncli ng

broad bean pl-ants in a 7x7 m plot.

It carr l:e eoncluded fronr resuits of: this sect:j-ç:lt t-hat t-he e:ttellt-

of long distance migration in A" craccivora ís cìetermine<1 hy th* prËvûil-iri':]

environnrental factors despite the innate migraLorj-ness of the a-l-¡rtae.
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SECTION 4

COLON].ZATÏON

4.I Tntr:oductiot'l

Colcnj-zation of host plants is <--haracteris-uic of insect pest.s

in gener:al and especially of migratory insects" It is only thror.rgh

migrat-i-on and recolonizatiorr that j-nsects f.ike aphj-ds, t-.he inhabi+'ânts

of ephemeral habitats, ensure the continuity of their survival (Sout-hwood

1962¡ Way J-9?3; Taylor l-977) .

Stu<lies on colonizatiorr by herbaceous aphicls have revealed

several aspects of t--heír l:eh¿rviour and ecol()gy in a reqion. These

aspects are, flight perioCícity (Fisken 1959); initial colonisation

density per plant (!"orsyt-he and Gyrisco f963; Shiyomi and hlakamura L964¡

shiga 1965); effects of wíird directíon (Johnson 1950; Ta-ylor and

Jolrnson 1954) and windbreaks (Lewis 1966¡ Leruis and Stephenson L966¡

Lewis 1969) on the pattern of infest-ation; effects of age and height--

of host plants (Dunn 1969), spacing (A'Brook 1964, 1968; Heathcote 1969)

and crop clensity (Way ancl Heathcote 1966¡ Davies 1972¡ Farrell- L976a

on'the interrsity of colc.nizatioir; and effect-s of trap crops (Farrel-I

Lg76b)anr1 weeds (van BmCen 1965; Smith l-969) o¡r the extenÈ of aphicl

infestation and the abundancc+ of natural. enern-Les (Chandfer -1968; Stni.th

Lg6g). The llnowledge of the pa'btern and. exf-ent of colonizatj-on b), aphid

species may be useful not onJ-y forthe pre<liction of the probabilíty of

infestation of a suitable crop in an area. but more importantly forthe

p::evention of the colonization itself (Swenson 1968).
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TTre present- study was aimecl at unde.r:standing the mi-gratron

ecology of Aphi.s craccivora -in South Äust;:ali.a. Fie-l-d observaL:i'ons

on the pr:obabilil;12 of col.onj-za.J:ion of a ho:;t crop and the color:.j-zation

l¡ehavjour of this species v¿er:e ilesirable in thi.s context; forr except

the f tiqht periodj-city recorcls from yellov; tray traps (Itughe,s et ¿11-.

1965; Carver ai-rd R;.lndles 1961 * persiollal cornmunication) and sonte

incicle¡rtal observatio¡s j.n the far nor:th of the state (White 1967) ' no

othei: yìerìlort is availal¡.l.e.i-n L-he literat-trre, regarcling t.he incjclence of

A" craccivora in South Au:;tr.ili-a"

iflrre objectiyes un'1er,t-\':i-ng the observa'ti-ons on colonj-zatiori by

A. craccivoxa wel:e to increase knowfedge about the tempo::al popula'Lj.on

dynamics of migrat-ory alatae and also to assess the probabi.L:i-ty of

infestation of a suitable host crop such as broad bean j-n the South

A,-rstralian environment. This section descril.es colonization of Ï.¡::oad

beans in srnall- experinenbal plots at Mortl-ock Experj-m.ent Station and

the trdaite Institute auríng spri-ng ancl autumn cf 1975, 1976 anC 1977;

aphid incidence iu ma-ture br:oad beans aL. Mortlock and Port Clínton

(yorke peninsula) in tate Spring L976¡ hhe pat,tern and extent of primary

infestation of young broad beans at Mortfock in early spring 1971 ¡ and

observati.ons cn the survival of this aphid in sr¡r-uners of l9'le,-7'/ and

Lg77-18 at various l-ocations in South Australi a.

The observ¿rtions reported here support the conclusious of

Hughes et al-" (1965) . Further it has been shor¡In that broad bea-n i-s

not only suitable for colr:nization Ì-¡y å" craccivora but that large

aphid populations peï. unit area can devefop on this crop under certain

weather con<lit-ions in South Australia. In acldition, the col-onization
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behaviour of the irnmigrant alatae has been inferred frorn their

recoïded numbers ancl the corresponding numl:ers of sb.ems colonized in

the experirnental p j-ots betrreen two corls(ìcutj-ve obser¡¡atÍons. The

incidence an<1 impact of natural eneniíes in 'the colonized sterts has

also been discussed in reLatíori to the success of colonization.

4.2¿ Col-onízation in the exÌle riment-.al plots

Enpirical studies on cof onization by À. craccivoia j-nv'-'lved

periodic planting of young and insecb-free broad bean seedli-ngs as

trap plants at Mor:tlock and Vlaite" The nurtber of incomi-ng aLlatae

and their progenies on the trap plants were counted at approxi-ma1:ely

weekly intervals.

4.2.I: Methods

Approximately one week ol.cl broad bean seedlj-ngs

(cuttivar Seville Lcng Pod or Crete 136) welle used as trap plants.

ihe seeds were soaked in water overnight and sown singly j.n tlie

University of California potting mixture, in each of 5x5x5 sm peat

pots (.fifty Strips No. 517). The peat pots were kept in a glasshouse

and watered regularly u¡til the seedlings were of desj red age and

growth stage.

OnIy the seedlings rvith 2-4 fully opened leaves were selected

for pì-anting. The soil of the experímental plots at Mortlock and

V,Iaite, $ras red loam which becomes sticky after watering and c¡lacks

w-hen dry. The area of planting was cul{-j-vated to a fine tj-lth r¡ith

a hand-operated rol-ary hoe when the soii was tnois|. If hard and dry,

the soil was manually dug and pu-l',rerised wit-h forks and rakes a-nd
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weecls and stones were :relÌoved. The seedlj-ngs r,vith theii: 1>e at po+-s

were planted sirrgly in B-12 cm deep hoies 0"5 m apar:t. 'I'he seedlíugs

v¡e::er either spri.nkle-írriga.terl or watered individual-J-y with a hose after:

pia¡ti¡g. Thereafter the pla,nts vrere ivatered blz sr:rface ftoodinE as

¡Éjcessary. fhis method of plantirrg of the seedl-ings v/as necessary

because of poor: germination of the seed st-ock.

There hrere two adjacent plots at each location" The di-sta-nce

betv¡een the, adjacent plots varied front I to 4 m" The L',vc'¡rlots er't:

each l-ocation were expectecl to reveal thc extent of va::íatior-r in the

¡--at_e of alightnrerrt and settling of .ã. craccivota alatae.

The area of the plots aL the beginning was 9 m2 (3x3 ny'p1-c.rì:)

with 49 seedlings planted O.5xO.5 m apart in 7 rows of 7 seecllings

each. The plot size was reduced l.ater tc 4 n2 (2x2 m/ploL) arrd each

plot ¡acl 25 seedlings plantecl in 5 rows of 5 seedlings each,' with t"he

same spacing. The spacing was wide enough to t.rap many A' crac:civora

al.atae (A'Brook Lg64, 1968). The prime considerablcn regarilirtg i:hc

sj'ze of the ptots, r¡¡as the practical feasibility for a. thorough sear:ch

for incoming alatae and thej-r nymphs with ¿r reasonable time aird effo;t"

The probalrle effect of the size of ploL on --he rate of al-ightmcnt anci

settling of coloniziirg alatae has been disc'-rssed at the entl of t-'his

secl-iorr (see Sect-ion 4.2.2 - H) .

AII the plants in each plot we::e thoroughly searched'

ind--ividualty for lr. craccivora alatae and their nymphs et approximately

vreekly inter:vals. The infested plants were cleaned of aphids for

recolonization in the follolving week. New seedlings were plantecr once

in 4-6 \¡reeks on adjacent land, The old seedfings vrere t'heu uprooted
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ancl destroyed. The sampl.ing inbervaf exceedecl one week tnatry t-inies.

4.2 "2 Resul'bs

4.2 "2-A : Colonj-zati-on cf Jrroad bean Pl- ants - a descript,ir-'n

A. craccivora ¿rl¿ltae col-orlized ntostly the crorr^¡ns

of broad bean seedlings. If the plants were in.l:Ioon, t.he al-at¡re

col-onized calyces of unopenecl ancl newly-opencd flower buds also.

Occasional colonization of tlre undût:-surfaces of stiì-rules ancl uppe.r

2-3 cm of stem was also observerÌ, especial-Iy when the crown had many

alatae. Alatae did not col.onize fully opened leaves aná the rest of

the stem. Crowns of the axillary stems were also colon-i.zed frequenLly.

4.2.2-B: Rates of influx of alatae

One of the objec't-ives ín st-udyj.nE the col-onizatio¡r

of broad bean seedlings by ¿" ctaccivora was to seek information on

the flight periodicit-y and seasonal abundance of a-l-atae at a l-ocation

in South Austrafia. The flight periodicity records from yellow.tray

traps at llaite ald Adelaide Hitts (Hughes et al-. I965i Carver and

Ranclles l-961 - personal communication) revealed a small peak in alrt¡:mn

followed by a targer peak in spring" Although the yeil.ow txaytraps

may províde some mea.sure of abundance of flying alatae of yellow-sensitive

aphíd species, however, from these records, it would be difficul-t to

infer the rate of settlement and the probaleiJ.ity of colonization of- a

host crop on an area basis (see Section 4"L), notwithstandinE the

colonization loehaviour and the pattern of i-nfestation in a crop. The

rate of influx of colouizing alatae in a trap Ïrost crop, together with
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concurrent populat-,ion estimates might be a useful nìeasure c¡f aJ¡undan-cc:

of an aphid species in a l-ocatitlz. Iroi: a mi-gr:a-t.o:"--V- speci.es such as

A. craccivora, even the rate of influx of colonj-zi.n.g ¿ilatae by itself

may be a useful index of the abundar-lce and migra'tory activii--y of tne

aphid in an area.

The experimental plots at Mort:Locl-r and Vfaj-te prr-.vi-d.erJ- dnta on

tlre rates of influx of- A.craccivora alatae during '19'75t l9'i6 at:,f, 1977.

The nurober of alatãer recortled in bc¡th the pic-r'i:s at i'. sêlÌìpij-ng occasj-on

was dirzidecl by the preeeding interval , and hhe r:ate of influ:: has l¡een

expressed on a daily basis over the area of the plots.

The results at Mortlock (Tables 4.11 and 4.L2) rer¡eal "ì Ll;ltLer-r)

of flight periodicity and abundance of A. craccivota al.atae isee also

Appendices XV A, B and C) . Peaks of i¡rf l-ux of al:rfae v¡ere rec]crclad i¡l

early November drrring 1975 artd L976. In 7917, t-i:e peak of influx of

alatae v/as observed in rnid-October. The results also indicare ¡rbrrndal-l-h-

aphid populations in 1976 and l-977 , in relation to the populatj,on l-er¡eli-

in 1975. Small numbers of al-at-ae vrere consistent irr auturrur (I'l¿i.:lch tr-¡

¡{ay) also. No alatae were ïecorded in January 1976 (¡nic1-surnrne::).

The results at waite ('ra¡te 4.13) also rer,'eal a símilar patterrr

except that the aphid populations werîe i-ar snlalle:r than those observed

at Mortlock (see also Appendix XV-D). The above pattern of fiighL

periotlicity of Ä. ctaccivota alatae, supports the conclusions of i-Iughes

et af. (1965) 
"

4.2.2-C: Distribution patterns of coloní alatae

The description of the pattern of dj stributiorr cf

insects in space is of considerable ecologicaJ- sigrrj.fiçance, not onfy



Table 4 .1-7 " Rätes of, j-nf1ux of Aphìs craccivora alatae in
the experime¡rtal- plots at- Itlortlock 1975-76.

Date Preceding interval
in days

No" of
alatae,/day / area

10
4

I
I

1I
7

7
7
't

9

B

IB
7

7
7
6

15
6
7

15
7
7
7
7

l4
7

Sept

Mar 2

9
16
23
30

20

May 4
1I
25

June 3

J

3

o"4
o.4

0
o
0

CI

0
0
0
0

3

6
I
I

09

*
P

Area of plots = lB sq. m.

= Peak of alatae.



Tabl-e 4 -12. Rates of influx of Aphis craccivota alatae in
the experimental plots at Mortlock 1976-78-

Preceding interval
in days

No, of
alatae,/day.,/area

7

13

I
I5

6

19
10

0
0

t

Aug 27, 1977

Sept 3

13

Oct 7

13
27

Nov 2

24

Feb 13, 1978
20

Mar 2

9
31.

B

7
IO

24
6

I4
6

22

11
7

1.0

)
6

3

0

0
0

10
7

2.2

*
**

P

Area of plots = 18 sq m

Area of plots = B sq m

= Peak, cf alatae.

l

t

I
I



Tabl-e 4 .13. Rates of influx of Aplzis ctaccivora alatac in the
experimental plots at !ùaite l-975"77.

Preceding lnf-erval
in days

No., of
alataer/clay / area

9
7
7

6

Sept

OcL

Nov

Mar

ic 0.4

2
1
1
I
2

0**
3.0
3.O
0
o

42

49

0

0

Oct

Mar

May

7
I

,*

**
P

Area of plots = 18 sq m.
Area of plots = I sq m.
= Peak, of alatae.
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for a hasic under:s;t¡rndinq of the condition of an insç:ct popul.ation,

but al-sc¡ for clevising eff-icient sarnpling schemes a-nd analysis procedu:les

in population d)'¡ramics studies (southwood 1966) . It is, i:helefore, ììot

surprisirrg that, many ecùIogist-"s have stud:led dj-str-ibrr-tj"ons of aphicls in

cultivated crops (SyJ.vester anc{ Cox 1961; }'orsythe and G\¡risco 1?63;

Shiyomi ancl, Nakamu::a 1964; vaIl Etnden 1965; Lewis i.966¡ Shiga 1.965;

Br.rl]ock .1968; Dean 1973; Dean and LùYring 1970; Soong L9-14¡

Salcuratanî IgTl) and trees of ecoirornic imporL-ance (Bryant- L9"1 6¡ lJj->lon

Lg76). The distr:Ll¡r.rt.ions o,î colonizing alaÈae in a field durjng the

initial phases of an iltfestatj-cn have L:¡een described as::anclom and as

the aph|c1s repr:oduce. these d-istribrrtions tend to i:e,'come ccrit-agíous

or aggregated (sylvester and cox 1961; Shi)¡omi and Nakamu::a L964i

Shisa 1965).

Tire present stgdy prorrided arì excellent opport-unity to stucþ

the ciist::ibution patterns of cc-l-on-iz,ing A- craccivora a.l-at--ae j-n the

experimental plots. fn this context, it was interesting f-o see wl:ether

the dispersion of colonizing alatae of this species depart-ed from

randomnessi and if so, to nreasure the extent of departure, i.e., the

degree of a-ggregation, by an appropriate mathematical mod.el. Às men'¿ione<l

above in the Methods (see Section 4.2.L\, ali broad bearr stems in both

the plots were checked for colonizing alatae at approxÍmately weel<ly

intervals; each sampting occasion therefore provided the dat-a on the

distribution pattern of A. cxaccivc:ra ala-tae. As the aphJ-ds -irr th.e p.lots

were least af fected by the activity of natural enem-i es betvteen Èr,,rc

consecutive observations, the natu¡:al enenies coul-d be exclurfed easiLy

as a possible or contr-ibuting cause of the observed ¡-;attern of distrik¡ution

of alatae. A trniform spacing of the seedlíngs in the pJ-ots (0.5x0.5 rn)
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throughou¡ i:he st-udiers, Þrcvided a hotnogenoüs spat:,iaj. pattern of the

plzrnts. LÏn,derr thes;e conclit-.ions any changes obser:ved i.n the

<lisLril¡ution pat-terns r.lf cc¡lonizing A, ct'¿tccivor.:¡ al.a-tae, cou.l-d ì-.e

attribu.tecl rvith a greater certainty to e.ither the :rate c¡f irrfl-ux uf

alatae or their: col-onization J-:ehaviorrr. Ittren t--he ratc of influx

of inr¡acling alatae i,s rni.nj.rna.l relative t-o Lire numbe:: oi col.on.izable

stems. t-Ìre pattern of dispe::sir,rn of alatae js rarrdc.¡ro; an<} thjs

randomüess v¡ouid be merely a-n aïtefact du.e to l-ol'¡ densitlt of coloni.zì.nq

a.]atae per sbeur (Sout-.hwood 1966) and wou.Id not explai¡r their agq;:ega't-i-ve

col-onj.z¿¡-t-i-on behav-i-our, It shoulci, thelef:ore, kre possj.bi-e to explain

the aggregative colon-ization behaviour of alatae, ortJy wilen their :ratc¡s

of Í¡flux a-re substantial . The present str,rdy prov--'ded n.rny sanr¡;J--in<¡

occasions r,vhen the rates of infl.ux of A. craccivora alata,c were

sul)stantially higher: ín 'the experímental pi.ots (see Tabl-es 4"3 and 4.4,

a¡d Appe¡r1i ces XVTII A and P-,) and the observecl aggregate.cl disLi:j-butj-cni;

may be attributed to t.he coJ.onization behavíour of alatae.

AIl broad bean stent-' in both the plots were regarded as

sampl-ing urrits at an observaLj-on. As each stem had a tcolonizeJcle

crownt, all the sampling urrits r/üere regarded as homcgenous j-n the sense

of their suitability for colonization by 11. craccivora alat'ae (sec

Sect|on 4.2.2-A). For each observation, a frequency distributiorl

table for the stems witþ varyinçtr nunbers of alatae was prepared and

rnean nunlbers of alat-.ae per st-elr1 (;) and '¡ariance (=2) calcr¿iated.

The raticr s ot s2 7i were ca-lcul-ated for arr the sampl ing occasions rvhen

A. cracciyora alatae hacl been recorded. TÌre obse:lvati-ons weìre gr()lrped

into two cl-asses: 1) those with tv;,o categories and 2) those wj-tir

> two categories.
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îhe observati-ons vri.t"h only tvro cat-.egior:i<:s , i. e. nunÏ¡er of

st--etns each rvith O ancl I ala-ta, were regarded as random, as the X2

test- for tþe goodnes¡; of fi.t 'bo any theoretical frequerrc:Lcs c:otilcl not

be ap¡-rfjsd to t-.hese rlist-:r:j.t¡utions for rvant of. minintum nunl:e:r of

categorir:s (see Appenclices XVÍI A and l3). The apparetrt random i.lispe::sion

of alatae j-n these oþservations (=2/i = nearly l..O) appeaïs to J¡e at-i

artefact clue to low ::ates of influx of alatae in relation to the tot¿¡,i

colonj-za5le stetns; ín the plc-:ts. Holever, -ì-t is: in'Eeresting to noi:e

that, of the 45 obser:vations v¡ith col-rrn-i-zinç¡ al-atae, 36 coulc'i be classed

uncler this group. 'llhj-s means that the dist-ril¡rrtiorls of colcni.zing

A. craccivora aLatae are randonr at many occasions (P = O.t3) essenti.ilÌ]2

<fue to their lower rates, of i.nflux. These resu:l-t-s are si-rnila.r to thosc

reported for ot:.her herbaceous aphíds (Forsythe a¡d Gyrisco -l 963;

Shiyomi and Nakarnura 1964; Shiga 1965) -

For the observations with > two categoríes, i.e., nunJ¡er of

stems each with O, l, 2, 3r x ala'Lae" and ,27î. = nearly 1'0,

expected frequencies for Poisson distributi.on were calculated (gnedecor

arrd Cochran 1962) *rrd X2 test was applied. Of the I observaticrns,

6 fitted the Poissot: di.stributio¡r (Table 4.2). This means that the

random distributions of col^onizíng Ä. craccivota alatae on tllese 6

occasions rvere real but not a-n artefact due to low rates of influx of

alatael i"e,, the presence of an aleta on a stenr diC not- influence j.n

any viray the settling of other alatae in the experirnental plots.

The observations with > 3 categorj-es ar¡C s2 ¡i = > 1. (l were

regard.e<l as aggregated and fitted to the negative i¡inomial ciistribution,

which adequateit-y describes contagious distribr:ti-ons of insects (gliss

1958). The negative binomial parameter 'k' v¡as calculaterd by t-he



TabLt: 4 .2 . Re:luLts cf fitting Po:ìssorì clist::ihut.L<¡u to observc:d
dj.strj.butic¡ns c¡f cc-¡-l-orlizinq Aphis cruccivora ¿ri¿¡tae j.n

tire exçerimental plot.s * L915"77 "

No. of s1:elns with
i.nclicatecl nunber-'
of alatae (x)

Mea-n alatae
per_ stern

(x)
2 2

X
t.d"f

Loc¿rtion Dat-e O/E P
(0.0s1

o 1 >1

Mortlock 4.Il-"75

18 . 11.. '7 5

16.3" 76

2. Ll-"77

24.LL.11

23't . 5:i
2.35 "7 52

0
B

(_)

E

o
!l

o
E

0
E

4
.1 6.2

35
3tt.2

:;9
59.4

13
I¿. ¿

t1
1î È

I
r_3

I
o.2

2

3.6

3

"9 0.6

I
0.3

o.227.1. A.2615 A.9494 i..I"S"

0"0419 0.04ÉrB 2.2IiÉ] l{.S.

0 " 2055 0.1933 0.L4:Ì,6 N.S

o. 1053 0"1.508 4.1)49îJ 0.():ì*

0.0659 c.0839 ll.ii-1,89 0.{)l**
258 7.2

255.6 1.6

?98
297.3

w¿ì.t,t-e 27.1.O"15

t2.LO.76

24. s.77

0
E

0
E

C)

E

B2
a2

i5
4 L4"3

l.
1.3

2

1"5
82 14
8r.6 15

0. I 735 o. 1655 0 "L7.22 u. s "

0.1837 o "L927 0.2t2.8 N. S

a.7429 t). 1443 0. 0i52 N. S..
BI)
85

J^.a

I2
t
0"9

0

E

Observed.

ExpectecÌ "
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rnaxj.mun like]-ihood method (¡¡.ettroci 3) cf tsIiss an<l Fisher (1953).

According to Bliss ancl Fisher (f953), the ex¡rc':ctations w-ith valuc.:s

of < 5 should be poolecl toge'ther in applying the X2 test, so t-hat

no expecta't--ion reríìaiìls < 5. However, PahI (1969) díscussed tlris

commonly arccepted rule and assessed the feasÍbility of grouping c1a+;a

into classelc with expecteO frequencies co¡lsider:ably < 5, i'e', aS

Iow as 0.05. He coyLclrrderf tha.t tire grouping of clata into smaller

classes was a1lo.nra¡l-e" lrr appl¡ritrg thc X2 *unl- ¡o ¡he nega'tive

binomial d:i--stribution, aII expecta'i:ions with < 1'0 lvere, Lherefore'

groupecl so that no exl.rected freguency vJas sntaller than 1.0" This

v¡as necessary becau,se, if the expectations with < 5.0 hacl been groupecl'

there v.,oul-cl L,e too few classes to fit to the riegative b-i-nomial

distribuÈiori "

of the II observations¿ 10 fittecl the negative i:inorn-ial-

distríbution ('Iab]e 4.3 and Appendices xvITT A ancl B). This nLeans t'Ì¡¡¡t

the distributions of colonizing A. craccivo¡a alat-ae at these lo

observatiorrs v¡ere síqnificantly clumped or aggr:egaterl . /Àccording to

Southwood (1966) the value c¡f the negatirre l:-inonial parantetêir rk''

gives a measure of the degree of aggregation if the sampiing u¡rits are

of same sj.ze, and tire smaller the value of okt, the greater is i:ire

extent of aggregation (range > o to < B.O). Since the sanrpling uttit:

in the present stucly, i.e., a broad bean stem with a colonizable

crovrn, was homogenous for all the sarnpling occasions, the value of tkt

can be reqnrded as a v¿rlid measure of the degree of aq'sregatj.on of

A. c1acci\lora alatae. For the IO clistributions fitte<l to the uegative

krinomial distribut-ion, the values of rk' r:anged from 0.ll- to 1"E6

(ra-lete 4.3) .



Tal:¡.Ie 4.i. Resrr.l-ts of fittinE negati,ve lci-r-.omial di-:¡t::-ibutiont' t-o tT:e
aggregate<l disü:ihutions of col onizing Aphit; cracc: j. t¡o'r',r alat-.ae
in tlre experimental. pJ-ots -- ig'l 6^77 "

¡.ocation Dat,e
Total MaxinLum
stents alatae

N per stent

Mean
alata.e

per stem
tIl

2 2
X

value
d.f P

(0.0r¡)
K

I'lorLl"ock 13. I0. 76

26 "LO.76
3.11.76

IB " I1. 76

24.LL.76

3.9.77
t3 "9.77

7.LO.71

1:1" 1c. 77

2'1 .LC.11

98

1.82

L23

195

50

75

95

143

L29

263

4

9

1I
7

10

4

3

I
10

3

0. 3673

L.O44

2 -L463

0. 1641

2.46

o.t 46'7

0.4316

o ^7692

r.6124
o.2433

a.482.2

3 " 0699

5."r 489

0. 4368

9.1433

1.1377

0. 6096

I.47 45

3 " 2548

0. 3375

I.O92 Ct.t,193'/ .t

o.4544 7 .1944 6

0.9588 23"O28I I
o.t.i-49 0.7012 2

0.8617 10.1409 6

L.L43 i_. 1004 2

0" 7875 -1" 1313 l
1.1781 2.8A69 3

1. 8596 7. 3!)43 'o

0.5I12 A.83',/4 I

li.s"
N.S"

0. ol**

N.S"
ìtC:

¡T"ti.

I'i.S.

}T"S.

L\"Þ"

N,S.

Icaite 12.5 .77 75 9 L.24 4.0768 0.4831 7.1998 5 N.S

* See Appendices XV.III À and B also.



TahLe 4"4. F-elations;hip bel-r,;een high rates cI j-nflux of Jlpllrl's
ct:¿,tcc:ivota alat--¿re ancl 't-irt¡ nl-unber-' of c;ol-onize-d sti::n',s -'i.¡t

tlre experimental- plcts 7976*17 "

Locati-on Date líc. ol
l-ncc:tn.i-ng a.Ia tae

Ru.t.e of
inf I u:q/dav

licL " c¡f
<:ol,oiri zed

s:t:ems

Mortl.oci< Oct L3, L976

26

Nr¡v 3

24

Sept 3, L97"7

13

Oct 1.3

I{aite May L2, I9'll

36

190

582-

1.43

56

4L

2A7

93

tr1

14, (.

72.8

23.8

_? 
j_

97

L74

4r)

'34

29

-10i

6l

8.0

4.L

34. 5

5"8
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tt-- i-s interesti-ng to note. tha'i: ail the aggregahe,j cij-s1"-i--ibu1-j.r¡ns

of colonizi-ng À . craccivora al-ata-e ¿ \À¡ere associated witl'r higher rates

of ínfl-ux of alatae (Ta]-rles 4.3 and 4"4) -

.Although the w.ind direction, wínd veloci-ty, wiird b::eaks,

topography, height and spacing cf pi.anhs may influertce tl're depositior.i

of colonizìng afatae (see Section 4.-l ), it is un-likely th.it these

plrysical factors had influenced the clisir:i-but"Lon of Ä. c.r¿¡ceivora

alatae, becau::e of the slrrall size of the expe:::i-mentai 1:rl.ot's" The

erggregated distributions may, nevertheless, be a.ttrj-tru.'Lerl to the

colonizat.ion behaviour of Ä. cracc:Lvot:a alatae. This ntay tr''eau tha'u

colonizing Ä. craccivorcr al-atae seem t-o ¡rrefe:r stems arlreadlz cr-rlonizecl

by one or more alatae for settling, than alata-free stems. The

higher rates of influx are prerequi.site for +;he manifestat-ion of

aggregative col-onization nehaviourr of the alatae. The a.gçt::egat-ive

behaviour of colo¡izing alat-ae, in part may ex1:iain the patcliy

infestations of this aphid in the fj.eld.

4.2.2-D: Colonizatiori behaviour of afatae

Colonization behaviour of afatae is perhar.ps ou'e of

the most difficult aspects to study in the field. llxtensive and

direct ohservations irr the field (Kennedy et af. -1959a, 1.95:lb, 1961;

tt
Mu-l-ler 1958; FarreII f976) , field cages (l'trocclford 1.973) and gla*<shouse

(Iìusselt 1966) have revealed host seJ-ection and settting beha-viour of a.

few aphid speci-es which infest crop plants.

Although direct- observations were not-. made on the col-onization

behaviour of A. craceivora alata.e in Èhe present study, however, indirec+-

and circumstantíal evidence coulr] Ì¡e obtained from the data regarding
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this aspect. A couiparisol l':etween the nutrù¡c:r of alatae and t-he

Çorrespon<J.:Lng number: of stenrs colonized j"n the exper:irnen'Laì. pl.ots

(i.r::espectir¡e of a.phid age and morph) between two consecut-.ive

observations, ref lec;tec the ccl.onization behavi-our of aratae (Appendi ces

xV A, P, C ancl D).

lvo conclusrions are ev-id-ent froln these results. Firstly,

the number of coloriized sl-ems exceerled the number of alatae 01ì marly

occasj.o¡si and seconclly, when thr: rate of influx of alalae v¡as hiqh'

r-elat-ível-1t fewer stens rr¡elle colonized, j-n<licaLinq aggregaticn or:

clumping of coloni.zing a.Lat-ae (Table 4.4). l¡Jhen ai-L the obsel--vations

rvere pooJ-e<1 together: for each l.ocaL-ion, it beca¡ne eviden! l-hal-r cf the

colonizecl Stems | ,Xse, (ra-tlge 34 to 56) \^tere f.'Ìcking colo¡izipg al-a'Lae

and had e-i-Lher rrymphs only or nyrnphs and apterae (taþte 4"51). A fui:l-;her

cLassifj-cation of t-he c:ol-onj.zed st-erns acco:rding to morph-composit-ir;n

(appendices XVI A anC R) revealed that 23 .7>" of tire colcn:'-z-ed s+¿er¡.s

(range 7"9 t.o 4O.1) ha<1 nynphs only (Table 4.52). Obviously these

nymplrs musl- have been laid kry the incoming A. craccivora aLlat--ae,

because there were no apterae to whj-ch to attribute these uyrnphs,

or-r these stems. These isol-ated nymphs thus provide cj-rc:r:rnstantial

evidence that À . cracci-vora alatae may Ìrave moved avray ¿¿fter

larviposition on these stems. It is also evident from TaJ¡le 4^52

that, appror,imately 10% of colonized si:ems (range 4 t-o 20) Ïrad aia-t¿¿e

only. These alatae were either neh/ arrivals or they had moved frotti

ot-her stems af'ter larviposition. As the proportion of stem.s c<¡lonized.

with nynphs on1y, is tv¡ice the proportion of stems colonj.zed uzith alatae

only, it can be iirferred that either many a-latae f1e'.ç back front the

stems after laying nynrphs or the alatae which were present c¡n these

colonized stems (10% - \^iithout nlnnphs or ap+-eracj) had lai¡¡iposíted orr



'.faltl.e 4"57" Pr:oport-.i.on of r:ol.c'nize<1 broad bearl stetr.s with and v.'i'i:l:oui
Äph-rls cracci.vora al-atae in the experi.m.ent+l plots 1975*'/8"

L,ocat-i on Year
Toi-al

colonized
s1-etns

S'bems
with

alatae
%

Stems
'\,¡:ltholrt-"

a.la.tae

Mortlock L975-16

L976-71

r977-78

398

599

458

L75

328

302

44.00

54.76

65"94

223

27r

155

56.00

45.24

?¿ nA

i{a:LÈe T915-i6

7976-77

s5

140

4B

79

37

6Ì
50"47

56.43

4r). 53

43 "5'j

Tot-al 1680 932 55.48 748 44.52

Tabl-e 4"52. Proportion of broad bear¡ stetns colo¡tizecl onJ-y biz Apliis
craccivara alatae and nlmpþs i.n the experi.tnental- p-l oLs
7.97 5-7 8 .

IJocation Year
Total

colonized
STEMS

Stems witir
alatae
only

Stems w-ith
nymphs
only

95z

Ii{ortlock l-975-76

7976-77

l-977-18

398

599

458

60

24

54

162

47

94

15. CB

4. O0

.11. ?9

40.70

7 .85

20"52

trVaite L975"76

7.916-77

85

140

T7

t5
46

49

20.00

10. 71

54,12

35"00

TotaI 1680 170 10. t2 398 23.69
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more t-han o¡re st-em- In eil:lier: case, Lhe concept-. of t-he moverneirt of

al-atae follor,v-tnq }arvipos:Lt.iotru from one stem to ano[.hei: tlurÌ-ng

cç¡lonizat-io1 , has been l,¡el ,,l, est-"abtistrecl l:y tttese i:esul-Ls- Consequentiyt

82% adclitiopal stems ¿re co:l.onized clue to this in'ber-plan1: noventent by

the col-onj-,zj_ng afatae (Table 4"5I). In other wer:lds' this be:haviour

incre,ases tfie colonizatj-on e:f:ficiency of alatae, :i-.c", Lhe raticr of

the number of sterùs colonj.zecl l;,y alatae to t-.he total- rìumber of co"tonizeo-

stems ¡,vould be I : I.82.

The apparenl: invei:se relat-i-onshj-p betv¡een the ratr: oj:- .infl ux

of ^¿,. "r4¿çjyora ¡ilatae ancl their col-onization behaviorrr,-' seetns a'Lvant¡.r--qeous

to thi.s specíes. -tnihen there a::e few col-onizing alatae, coloniza-t:j-on

of aipproximatety B2-"¿ tno::e stems, i.s a¡ appropriate com¡:ensation to

ensure the establ-j-shment of the species in a new fiel-d or an o-L'ee-.

VÍhen the rate of j,nf-lux of alatae -is hiqher, rel-ati.vely fe,wer çt-c-:ins

are co-l-r:nized due t-ù aggregatir¡e behavic¡ur of the af;atae, so th¿:t the

colonies initíated by rnanlz alatae would ensure the establ.j-shmerrt of

the species in a tferr'r' area, despite the ac'Èívities of rratural enemies-

Such coloníes wou.Ld aLso produce alata prlogeny far earlíer and al-so at

a higher rate than those j-n-itiated wit-h fewe¡ ¿l¿t-ae (see Sec-';Lon 3) .

It is also evident fr:om Appenrlix XVI A that the colonj-zation of

broad bean stems r,rüas consisteut withor-rt any alatae a'b Mortl.ock in

January 1976. The presence of apterae rvas also ciotìsis'Lent in the

colon.ized stems at that tin¡e. IL is probable that sorne of tlie nyrnphs

escaped attention when the platrts we::e cl,eaned of a-phicls at these

observations. Since the teny:eratur:es were higher:o these rrynçhs became

apte::ae and reproduced on the stems between t\^Io consecutive lreeki-y

observations. Tliese results, nevertÌreless, indícate thac apterae a::e
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irnpor:tan1- fo:: srrr:vi.va.l of this spe cj.es tTrr:ough t'he summe-l: months '

This woul<l Ï¡e aclvantageous, because d.Uring hot and dry s;lrr';'ttier lnontriïs

tire colc¡irj-zing al-aLae may rr(-J e:Lther scarce oÏ suffer hi-gi-r mortalities

or ma.y nc¡t be successfr¡t in lçcatj-ng the scarce and isol¿"t-ed patcþes

of colonízabLe host, Plants'

4"2.2-Ez Mortal-i of al-.ltae d yal.n periods

I,Iort-.aiity of Colr:nizLng A. ct:accivclra a-i¿ìtõ.e hTas

ok)served iluring rainy perio,ls. 'Ihe al.atae which we::.e fcjunC deao' o:r

þroad bea¡t seedtings in ttre ez:perir.ental pl-ots were recordc''/'f (Tabl'e

4.5). ïhe ove::all proportion of alatae whiçh died dr:e to rair¡s i*'

5-'J>". This proportion ret->resents a partial estímate of the ac:tual

mortality, because it is tikely that many a--La1-'ae lright ha.ve clieð

and were washed away frorn the pJ-ants ancl coulcl not be reco3ded '

Mortalit-y due to rains nay adversel.y affect the success of

coloniz.rtion of Ä. craccivola, espercially in areas where the aerial

densities of colonizing alatae are tninimal , ancl where hearlz falls Ðccl1Ï

in late autumn, at the time of prima:ly infestation of newly qermína{:r:d

Iegume past-.ures.

4 "2.2-Fz fncidence of natural enemies

The inciclence of natural enemies of Ä. craccivor¿t

in the experimental plots, is present'ed in AppenCix XIX"

of the predators, coccinelu.ds ancl chrysopids hTeTe j-ncj-dental

at t¡oth the l-ocations during spring of 1975 t Lg'16 anct 1977. Syrphids

and chamaemyiids rvere scarce at llaite during spring of 1975¡ arlà L917 "



TabJ.e 4 .6 . MortaliÈy of colcniz.inq Aphis ctaccivora aJatae in the
experj"mental plots drrríng rainy periocls J-915-77 .

Locatíon Date Total alatae Dead alatae

Mortlock Sept 19.L975

Oct 2l
28

Nov 4
IB

Oct 26, L976

Nr:v 3

24

Sept 3, 1917
13

Oct 7
13

Nov 2

?

1.1

tl
65
I5

190

422
l.43

56
4L

1.'14
207

19

1

4
1

7
t
2

13
5

I
I5

5
9

2

6
l0
L7

4

1B

l-
2

3

I

4

TotaI

Percentage mortalitY
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These predators hrere ac+;,i-ve aL i'4cl:: t;lcck only ì-n sìplír¡g c'¡j- 1976 and

]977 ¡ the a¡:hi,d poirul-¿ìtion levels were aJ.so hj-gh during thêse yeal.s

at }lcrt]-oclç (see Tal¡le 4.L2; A¡-'pen<lices XV R and c). l\s tÌre ínte-rval

between two c.k¡se::vati-ons ranged fv.'crn 7 to l-5 clays for rùosl-- c)f iÌle

sailpl-ing occasj.Qns durinçJ tht:se yeas'ti, the pr(ìsenc:e of ec,¡gs ail'3 young

Iarrrae of syrphicls ancl charr:;renyiids, iirdicatesi t--heir activer search

for newiy colonizecl stems " l--15 eggs atrd larr¡ae of f-hese fl-iee rvele

see-n on a col-onized rjterû" The aphicì populatJ-cln:Levels v¡ere l-ov¡ j-n

sprin!-J of l97b ar- Mortlock (see Table 4.11. arrd Ap¡.rend:Lx XV A) a-ncl tÏrcse

pïedai:ors \^¡ere a.lso abse]:ìt" Although 'ts-ile deta are j-ngufficiellt to fiìrrlie

a:ry valid conclusions, nevei:theless, it appear:s that syrphi<ls arrd

chamaemy.iids wotLld be a.ctive and aÏ.¡undant only v¡Ïren the aphid popul-ations

are a colIuno¡1 Occì.rrrence.

The irrcidence of parasite was also negligible at boLh the

loca-tions j-¡ spring oi J.975. 1976 and L977. Flowevell , 5-rr l-nt-e ¿ìnt.llln:l

o1 L9-i1, palrasit-.es \r/ere active at vlaite and apprcximateJ-y 30% crol cniEecl

sterns vrere parasitized.

The apparent absence of parasites can be expleined in tivo -vúa}/s 
"

Firstly, Aphidius col-enanj viereck (syn: Aphidius pTatensis Brethe*c)

is a polyphagous specíes (stary L972¡ Carver and starv- l-974) and nci'L

lrot-specific to Ä. craccivota, Vlhen Ä. cr:acaivcr:a popr-rla'Lions are

scal:ce in an area, j-t is f.ikely t[aL t}re paras-tte poptr.ì-atiorls e/ould' I)e

dependent upon the availabilit-y ancl the abu¡rdance of o-"her speci'es of

host aphids. The isolatecl and nervly establisi'red populatj ons of

A. craccivora in an area ,rvorrld ther:efore be lial¡le to the parasite

altack, only whe¡r t-he other: hosi:-aphids a-re þarÌ¡ouri¡rq the parasite

populations" Secondly, the sampling ini;err,.al between trnzo observa'tions
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was too shol:t for detection of the parasite activity. Wtrenever

the sampling intervals were about 1-4 cla-ys or nore, mruuni-fi-ed aphicls

or aphids with late itrstar ¡-,a:lasite larvae were easily detec+'e'J on

the colonized stems. tfhen the sampling -intervals lvere 7-9 d-a¡r'e"

parasites could not be cletected, Th.is is because j.t takes bett'reen

'7 and t0 clar.ys a-t 2O-.21oC for a parasitized aphicl to m'ummì,fy (Johnsori

1959; Gubierrez 1975 - personal comrnuni.cat-ion) " Tt is, 'Lhe:lefore,

proba.L.Ie tha't tl:e act-ual parasiLe -incidence in the experiitet:i,al plots

may have been greater:, but coul-cl rlot be detected.

Act-ivity of syrphi<l and chamaemyiicl predaùors may be

cletrimental to the establ ishment alrcl grow:th of a new colony of

A. craccivora. merely because of their nrunbers on a per stern basis"

Tlre activj-ties of ,oarasites in late autunuì, as not-ed in l"lay L9-/'l at-

!ùajte, rnight be clet::imental to the establishment and survival- of newly

founded colcnies of A. c:raccivora t,hrough winter months. In this

respect the par:asites have a potential for biological contrr:l of this

a¡:hid in South Eastern Australia, more so than the preCertor:y syrphiCs

an<f chamaemyiids. because these predators -i-ncrease in numl:ers folJ-owi-ng

a build-up of the aphid poputations and that too -i.n late spring ancì

early summelî months (see also Section 2.2.3I-D).

4.2.2-G: Presence of alatifoïm proqenv in cofoníes in the

-ei!s+rne4ar-49!F-

Table 4.7 shows the presence of al-atiform nymplts in colonics

in the experimental pIots. The prece<ling sampJ.iirg int¿:rvafs for the tn'c¡

sampting occasions were f5 to 24 days and it can be inferr:ed that- alat-iforrr.

nymphs appearecl among second generation aphi.cls. The proportion of



Tabfe 4 "7 : Presence of alatiform progeny in A, c::accirzora r;<¡l-onies

in the e:iperimental picts L916^ll .

Date

Preceding
sampiing
ínterval
in ciays

Total n-Lr-rrùrer

of col.onized
bro¿rd bean

stems

No. cf co-Lc>r'r-i-:ze<l

st-eir.rs l^l-i-th
ala- l::i :lor:m ntaLirlts;.

Ran.ç¡c of tota-L
apirids pel:

cc:l.oniz:ed s ['.en

November LB L916 15

October 1 1977 24

22',7

r29

I2 <50to>2CO

37 tc¡ 4ti
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col_onized stems wi+-l¡ alaLiform nymphs was very small - < I to 5%.

The smal-I si.ze of col-onies elspeciall.y in 1977 (37 to 46 aphids per: stem)

is characterist-ic of alata ¡>roduction in ,4 - ctaccivore (sce also

Sect-ion. 2.2 "34-D) .

4.2 -2-H: Relationshj-p Lretween area of a host crop and rates

of sel-tl- of alatae

Does bhe area of a irost crop affect rat-.es of s;ettlj-ng by

colon-ì-zing alatae? Tn view c,f the individualistic trature oE hcrst p1;rnt

selection behaviour of al.rËae (Kennedy et af . 1959a, 1959b' l-9'51) , Lhere

is no good reason to presurne that a smal-ler host crop area v¡oulil reci-uce

the raf-e of settling. This is because the decision by an a.la',:a to sLa¡'

ald reproduce follovring its arrival on a hosL pJ-ant, is <leter:rninecl by

its previous flight experience as well as the degree of Ìrost -olant

suitabitity in the sense of feeding and reproducing stimuli, it z'ecej-l'es-;

from the host plant. Further, if the rate of settli.ng of alatae i.s

presurned to be a function of rate of alightment and. aerial densities;

of alatae in a region, then it may be argued that their rates of settling

woul-d be unaffected by the ¿rrea of a host crop and '¿he number c;f host

plants therein.

It is also well known that all a]atae that land on lìosL pJ.ants

do not stay to feed and reproduce, bu'E marry do take off again (Kenne<1y

et aJ_. I959a, 1959b). The later flights foliowing a retake-off are

Iess intense and last for shorl:er duratiotrs (Kenriecly and, Booth f963a.

L964; Kennedy 1965, 1966). Th:-s flight behaviour of alatae im¡.r1ies

that they wouLd land in the vicÍn.ity of the host plant from which they



1.19.

flew. Accorcling to Kennecly e't aJ. (1959a, 1959b) the successive

::ecluction in the fLight duration wou.fd .increa-se the probarbl'-lity thal-

alatae rvould Ian<1 again on a host pla-nt. This irn¡rJ-ication is k¡asec1

on the tendency of the plants t-o grow toge'Eher in patches cr chuçs

in nature (Kennedy et aJ-" L959a, I959b). Ilcwever, if a pa+*c[-r of host.

pl:rnts is so smal-l that even a trj.vial fiight: of a- short duration would

carry an alal:a away frorn tirat patch, +*hen the small-ness of the patch

could be regarded as irrfl-uencing the settling c¡f alatae . Cor.r',¡ersely.

in a larger area of a host crop, the probabil.ity l-hat an alat¿r woulcl

Iand. aga-in on a host pl.ant foll-owíng one or rnany succ€Ìssive tr:ivj-ar

f lights, woul-d be hiEher and consequ.ently a hi-gher nuinL¡er of a.i-atae r,¡ouicl

sr:ttle ultimately than might be expected in a smal.-rer ar:ea cf a hc>st criop.

The observatioüs on settf ing of Ä. craccivoz'a .a1al:ae -i-ndicate

approximately equal numbers of alatae in the tv;o adjacent i:J-ots (see

Appendix XV-A, B, C and D). These resu.lts suggest that +-he nunùlÐr of

settled afatae is positively related to the area of a hos{; c::op and the

rate of settling and col-onizatio¡-r is probabll' depenclent rrpon t:he ¿reri¿rl

a-bundalrce of alatae in a locality. ft can be concluded f;:or¡. these

results that the rate of settlíng and col-on j-zatiorr by lt , cracci-vcsra.

al-atae is not inf}.renced by the area of a host croË)"

4.32 Infestations of nrature broacl beans at- Mortlock and Port Clinton

in late s l-976

Mat:ure stands of broad bean were sa:npled by s+'ratiflied systenai:jc

sampling for A " cracci.vora infestations at lulortlock Experirnent Stat.ion

and Port Clinton .in earJ-y Nc.venibeil 1976"
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The area of Èhe plot at Mortlock was; 800 squâre rne:tre (50x16 rn) .

SampJ.es of 20 stems each were observed along 3 par:al'lel t::ansects (50 m

each) " The transects wer:e 10 paces apart and 5 paces away from t-Ïre

bor<ler rolss. Six samples were observed a,t intervals of .It) paces aì-ong

each tr¿rnsect. The results are presented in Table 4.81.

It is evident from Tab1e 4.81. that 68% of the samplecl stetrs; were

-infested. Each infested stem had l-2 to 20 ctn l.ong colonies. 'l'he aphids

vi/el:e aggregated on basal feaves and clevelopiDg po,J.s also. The colonies

were prod.ucíng many alatae. The naturaL enemj-es of the aphid lverc-: a.ì-so

active but seemed to have littl-e effect on aphicl pr:pulat-ions.

Two plots were sampled at Port Clint-on. Eighteen sampJ-es, each

comprising 20 stems, were observed along 3 transects in Plct- I. ln Pl.ot II'

eighteen samples of 10 stems each were observed alorrg 6 tran,';ects. TÌre

transects \4/ere parallel to the lengLh of the plots " The ::esul'ts are

presented in T'able 4.82.

Only 7% of the sampled stems were infested at Port Clinton.

The infested stems had 5-I0 cm long colonies. Many stems whích hacl been

infested previously were free of aphids. Syrphid and chan;:.emyi id. larvae

were abundant on col-onized stems. The crop v¡as stunted iri grorvth due

to poor soil moisture. ft appeared th.at the poor plant growth due

tc lack of ra-i-ns and natural enemy activities haci influencecl considerably

the aphid inci.dence at PorÈ Clinton.

4.42 Primary infestation of voung broad beans at Mortl.ock in

early spr inq L977

Observations on the rates of prinary i.nfersta-tion (coloni,zation by



Tabfe 4"8i." lnf:estat-ion of nature br';c¡aci beanss' bV Aphis
craccivc>ra at MortlocL j-¡r earJ-y Norze:nber I976"

Samplirrg ¡:oint
No. of

infested ste¡ns

I
2

3

4
5
6
7

I
9

10
Ir_
L2
1.3

T4
15
T6
1.7

1B

20
2O

I9
T4

2

L6
13
t3
t5

\)

20
11
t. I
20

7
i.i
10

Total stems sanp] ed
20x18=360

'Jlotal- infested stems:
= 245

Percentage infestation 68.06

* Area of plot 832 sq rn" (50 x 16 m).



Inciclence of ApJris ctaccivctra in two plots of matur:e
broad beans at Port Clinton in early Nove¡nber L976.

I

I

I

I

I

Sampling poínt Pl.ot II-**'

z
0
0
0
O

0
4
0
o
o
0
l_

2
0
L

2

a
0

o
0
2

10
2

3
3

2
1.,
I
0
0
0
0
0
0
0
0

I
2

3
4
5
6
7
I
9

10
1I
L2
13
I4
15
16
I7
18

26 L2

Total stems sampled 540 Total infeste<l stems

Percentage infestatiorr = 7.04

i
I

I
i

*
**

20 stemslpoint;
1O sLe-ms,/poinÈ;
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A. craÇcivoï:a alatae) \,vere llìade in August L9l7 ín a plot- of 1+ v¡eel< olcl

broad beans (7Bx5O rn) at Mc.¡r:tlock ilxperimenÈ Sta'b-iorl . The i:c':ans

germinated by 25t-h July" The young seedJ-ings wíth 2-3 openeci leavers

were free of aphids on 6th August. The plani:s welle samp:LeC or" l'9th

August by st::atified systertlatic sar'-rpling" Samples of 2C s'c-.etns each

were observed al-ong 4 parallel tr.ansects (78 m) " '1.'1'rr: 'Lransects r,¡ere

17 paces apart and B paces away fronL the border rov\)s. Five: sntnples

weïe oltserved at intervals of 2I Paces alorrg each tr:ansect--" ll-hc:

nunìlcers of infesterf stems, alatae, apt--erae and t-ota] aphids Lrel: infestecl

stem were recorded. 1'he results are ¡iresented in Tallle 4"9.

It is evident from Table 4.9 that, of the 50 infesl:ecl s{;emls, only

8 hacl 1-2 first generation apter:ae each, These obser\¡ations -i.ndj.cat-eci

that secondary j-nfestation by apterae had not startecl 'ont-i.l the salnpl.ing

and the observed rates of infestaiion could be at-.tr:'i buter:l rzitl: a great-er

, probabilíty ¡o the primary infestation by colonizinç1 alaiae. Thc

numbers of total- aphids per infested stem rarged fr:om I +-a 20. îhe

colonized stems were free of natural enemies.

It is int-eresting to note t-hat of the 50 total- col-r¡nizerl s1-ems

(Table 4.9), the number of stems which had nynrphs only was 28, compared

to 14 stems which had col-oni.zì:ng al-atae. Thj-s nìeans that 200"¿ ad.d-iticnal

stems (excluding those with first generation apterae) were c<.'J-oriizecl by

the alatae. These observations thus stlpport concl-usions of t-'he

observations in the experirnental plots that .4 . ctaccivora alata-e m-ay

move a\^/ay from- one stem to another cluring qslo¡.r zation anC- that tl2%

additional stems are colonized due to the inter-plarlt movement by the

aÌatae (see Table 4.51 and Section 4.2.2-D) -



TaL¡Le 4 .9 . Prínrary infestation of f-onr-r'¡eel< <-¡itl br:oad l::eans* by
Aphi.s ctaccivara at Mortlc¡ck in late /\ugusF; -l 97'7.

Sampling
point Total alatae

Total .infested
stems

No" of siter,r.t
r.¡i-th ¿rlatac

I{o" of s',c<:rn:;

with f-i,-r.iti,
qenerert:ior-l

aPte.E¿rrj

0
T

0
0
()

o
t.
0
U

0
1

I
tl

i
1
c
2

0
0
U

2

1
ü
0
0
1.

0
0
I
0
0
c
I
1
0
t
3

1
0
.)

4
3

2

2

2
3

3

4
4
0
2

3

I
2

0
4
6
I
I
3

2D
I
0
U

0
I
0
0
iD
0
0
0
t.
1D
0
ID
4
1D
0
2

1
2

3

4
5
6
7
I
9

t0
II
LZ

I3
L4
T5
I6
L7
IB
1.9

20

Total- 15 50 l_4 at

Total stem sampled =
20x20=40O Total infested st,ems : 5rJ

Percenta..-¡e
i r:te stai:i<¡i.L

-- 1a E-. L¿.õJ

Total alatae t5 itilean aia t-ae
per st-enL

= 0, 0rl

D = Alatae with dístor'¿ed rt:Lngs.

* A::ea of plot = 39OO sq m" (78 x 5C rn) .
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The mean rate of prinary -infestatiorl \{as \¡ery :lo\'Í - 0.04 alata

per stein (Tabte 4.9). These results imply t-.hab ruul-ti.p1.e influxes

of alatae together wit-h recolorrization Lry apterae and ¿rl-ata-e whici:

are procluced later within an infested crop may be far more impo::t-:ant

i¡r determin-i-ng the extenÈ of infestation of a crop by ?:" craccivota"

4.52 Observ at-ions on su::vival of the aph-id ín. st¡nmers * 197tc*]7

and L977-78

Dry arrd hot summer nronths (Decernlcer to Febrr:ary) ar:e crucial

for the survivaL of Ä. cz'accivora popul-ertícns in South l:aster:n

Australia because of the scarcity of host plants (Gui-.íerrez et al-.

L97L, L974b). Observations on the summer survival- of tlij-s aphid-

are therefore ecoJ-oqically important"

Young broad bears wer:e colonized bv Ä. ctaccivora at Wait-e

grounds in January and February during 1975, 1976 ancl I9?7. Observatíc'ns

in January 1978 reveafed survival <¡f the aphíd on barrel rnedi.c (Medicaqc¡

ttuncatuLa var. Tongispina) , common burr medic (l[edicago poTginorpha

var. vu.Tgaris) and subterranean c:l-over (rri.fol-i.um subxerta,reu;n) in ttre

irrigated Iawns at lrlaite gror,rnds. The aphids were recozCed <¡n isclated

Çommon burr medic plants also which were growing near the bases c,f

irrigated grape vines in Claremont Orcharcl of the Waite Institute. Al.so,

A. craccivota colonies were Lecorded in lucerne (Medicago sativa crrltivar
Hunter River) ¡.rlots at Northfield Research Station (North East

suburb of Adel.aide) and c¡n isolated lucerne plants in backyard gardens

in Adelai<le suburbs in January I97B (Carver - per.sonal commuuication).

The aphid lvas breeding on yo,.mg shoots of W.ister-ia vines also at the

Vüaite i¡r January i978.
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A visit to dairy towns of Jervois and ÌvlypoJ-oirga along the

River Murray (50-70 km South*east of Adelaide) in January 1978 dj.d

no't indicate aphid incidence on, whit-e clovc:r: (frifal-j.um repc-rs) ancl

strawberry clover (TrifoLium fragit-arutn) in flood-irrigated rnixccl

pastulîes and sprinkle-irrigatei. Iucerne. A sma-Il coJ-orry was ol:ser:ved

on shaftal clover (TrifoLj-um resupinaturn) at Mlpolonga . Cbser:vaiions

j-n irrigated and non-irrigatecl lucerne at lulortloci< Bxperiment- Stat--ion

in January L977 and Jar¡uary L978 dld not indicate Ä. cracaivora

-infestations. These plants were heavily infested. wí'Lh the nevriy

introduced spotted alfalfa aphid (Therioaphis trifolii B").

These observations indicate that A. craccirora survives ti're

hot and dry summer on sheltered and irrigated patches of -isr.¡l-at-ed irosL.

plants in lawns and. backyard gardens in the suburbs around Arielaj"cJe,

4"Ç>z Summary

Colonization <.rf young broad bean seedlings in the experj-mental

plots at Mortlock Experiment Station indicated peaks of influx of

A. craccivora alatae ín early Novernber durinq 1975 and L9'76, and irr

mid-October in 1977. Small numbers of colon-izing alatae rvere ¿rl-so

consistent during March to May. A simílar pattern of alata inffu:x was

observed at Vlaite Institute also.

An analysis, based on the nunücers of colonj.zing al-atae per sten-,

irrd.icated three features of their dispersion pat-tern in the experirnental

plots. Their distributions were random at many occasj.ons (P = 0"8) r

due to their lower rates of infl-uxi random distributions approximating
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to the Poísson distribuLior: wet:e obser'¡ed-; ancl agg:reç¡atecl Cist::i.butions

ap1:roximat-ing to the nege-i"ive binornia-L clistríbut-:i.ori were ¿ilsc observed

vrhen the rat-.es of inf.Iux c¡f the alatae were Ìrigher:"

A reiationship betv¡een nunbers af colonizi.ng alatae and

nutnbers of colonized s1;erns in the expcri-nierital ¡.,.i-ol:s, ref:.ì-ec:'t-s the

colcrnization behaviou:: of A" craccívo.ra alatae" Ci::cumstanLi.a-I.

evid-ence indice,ted inter:-irlant rrìovement of coionizinq al-atae when

their rates of infl-ux were lovrer; at Trigher ra'tes fewer st--erns r^;'er:c:

colonized due to their aggregative beliavj-our. Ì{ing di-si-ai:tion and.

nortal.ity of col-oniz-ing alatae \{ere ¿ corrrnon occu.rrerìce cluri-ng ::ainy

periods.

Syrphi-d and chamaemyi-id flies were ef:ticient ín searching

rrewl-y colonj-zed stems in the experimeltal p-Lois. T'hese r>l:ed¿ltors

were ac'ci.ve at Mortlock j.ir la-te spring i-n 1976 and l-977 when tile rates:

of influx of alatae were high. The Aphidij-d parasjte (A.u.hirÍ:.us

colemani V.) was active at the lVaite in May L977. Itlatj-form nymphs

were recorded in colonies in the experirnental plots at ivlcrtlock in

November 1976 and October L977 "

Stratified systematj-c sampling of matute broa.f beans ¡lt. r\ortlocJç

and Port Clínton in early Novernber 1976 -indicated 68 and '7% infesl:ation

by ¿. ctaccivora. Observations on p::i-m"lry ínfesta'tion of a 4 v¡eek

old broad bean crop at Mortlock in nid-Aug'ost 1.977 j-ndicatecl a very lov,'

¡:ate of infL'¡-x of alatae - 0.04 alata per stern" The number of

colonized stems with j-sola-ted nymph.s was twice t-he number of stems v¡ith

colonizing alatae.
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A.ctacc_i-tzora suïv-j-ves þot aiid Ci:y sjunlrlets in s]re,lter:e.ci anc1

irrigerted paLcþes of j-soJ-.rted hosl': plairt-s in 1a¡,¡ns ancl. I;ac:i"yat:d gar: r-l',:ilr'r

in sui¡urbs a.r:ound- 7\delaide"
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SECTION 5

DISCUSSION

'I,he experirnents reportecl in this thesis were desigrred to

measrlre r,rigration a¡d defj-ne its role in the population sy'stem (Southwoci1

Igi2) of the cosmopolitan Aphis cra.ccivora in bhe SouLh LiusLral,i¿rn

environrnent. The qr.restj-o1s which gave rj-se to tlte pr:eserrt- studlr (sr.:c

section 1-8) were answere<1 by a s)¡stematic stu'cy of mi'gratiorr ¿rnd

d:i s;*-ersive beherviour of this insect. This reqrrj.r'e,l not orrly arr assessur':nt

of t-'ne i-nher:ent migra-tory potential- of 'Lhis species, but also the prchabi-J'j-r-y

of r*-raÌisation of this potentiaì- within the environmentaL const-raínts c:f a

given habitat. secondly, ít was also important to clemotrstrate that

ermigration coul¿. regulate the numbers of this aphi-<l i-rr its nat'urral popr-rJ'at-ion:-;'

Bo{;h -i-r,un-igration and e-m-igra.tion were studied'. A strldy of fljgh+- beirav'iou;;

of al-atae v¡as also uecessaïy, as flight- is a prerequisj-te fclr long d'j-sl:¿:rlce

rnigration and recolonizatj-on. The experinents on colorrization (.Sectir:u 4),

rnigrant production (Section 2), and fligþt beh¿rviour (Sectj-on 3) of

A. craccivota. were thus inter-related ancl l-inked into a logj-cal sequer'rce"

The 'concepi- of colonlzt of aphids on a host plant a-s an iirdeperrcient

aurtl biological1y functional unit (Way 1968, Lg73) was bas-ic to the ÌrypoLhesis

of the present stu<]y (Section I.8) . The unit of expe::irnental ptlpuJ-artion'

seJ-ected for thre study vfas, therefore, a colotry of aphids on a Tìost piairt'

This approach rvas not only simple but also realist-ic. ¿\fter all, in the

fieJ-d, À. craccivota live i.rr aggregates on spatíal.ly discrete ho-st plants'

eacir aggregate being a self'-sus'bained an<l sel.f-regulated unit of a local

populati-on system.

The principle implicil- in such an approach was that- the local

ab,rnd.ance anC pcpulatiorr clynamics of a mi-grato:-y apirid s¡.-ecies, s,rcir as



1,?.7 .

A. craccivora in a crop, could be l¡etter uncfc:rstood by an ir"itegrat'-r-on cf

studies at tv¡o levels i"e., a'b the levef of a cofony and also at t-he level

of groups of colonies which const--iLute a nattrral pcpul,aLicn i¡:r a- fjel-ei ov:

an area. The genetical, physiological and. ecological pr:ocesses, at iroth

an i.ncl-ividrra.l- a¡rd a populatjo¡ level, which oirerate wit-hin a popr'llaliorr

u¡.j-t í.e.. a colony, v¡ou.l,d mainly determj.ne t-he changes in the n'inÙ¡ers Õf

aphids of that populatíon unit. I¡or this re¿Ìsoll' s\lcil a popula'titln u:lit

i.e., a colony of aph.r'-ds on a plant, may Ì:e regardecl a"s a super:-j-ncliv:! cual-"

The average nurnber of such poprrlatj.on unib-s per un-i.t ¿rre¿, their s1.:;r't-ia.l'

distributi.on, their mean densitj-es, their rates of popttiation irlcre;ì-se '

the frequencies of establishment and extinction of these popirl-a'tion unit¡;

in t.ine, and the movemen'b.s of individrral aph-ic1s among these populatj-<:n

rrnits, would detc+rmine the probability of survj-val and t:he lot:al abiurd'ance

of au aphicl s¡:ecies in a geogre-phically defined are¿ì'

Both these fevefs of studying aphid population cì12¡¿¡¡¡-"s are L:el-¿vant

to the present study, al-though more emphasis has been placed i)¡ stu<Lies a't

the level of a col-ony of A. craccivo1a as a u¡it of its; pcpu-1at-'ion systent

(Section 2). The experj:nents and observations on the colanizat-ion behavic'rrr

of this aphicl represent studies at the level of gronps c-¡f its colonies in

the field (section 4). The relevance and profitabil-i.Ly of srtch an a1:proa-cir

to the study of population dynarnj,cs of .4. ctacciv<>ra, js discussed l-¿rt-er'

The relationship betlr¡een growth ha'bit of broad k;ean plants and

c.¡lonization by A. cracciyor-a appears advantageous to this a.phicl írt two ways

(see Section 2.2.31-A and Appendj-x II). Firstly, the crovrns consist of

meristematic tissue and tire colonizing aphids and their progeny can feed on

nutritionally superior sap; as a result, large and more feclrnd a1>tera'e can
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be pr:oC.uced. Fllom ari ecologic':a-l pcint of v-i-er¿, thesr¡ apterae uìay be

useful for early establisl¡¡lent- of a colony in a ne\,ù habiLat" Sec,cnclly,

as broad Ì:e;rn pl;rttts g:rorv, the1, gù on producing ne.w axj-l-fa::y basal shoots

for 8-12 v¡ecks and l-hus provide t-l':e coloni.zi.nq apliicls wit-h a continuous

supply of meristenratic crot^,ns" Similar groir'th habits of other legune hosts

suc;h as grou:rcluuts, nre<1-ics ancl cl-or¡ers, etÇ., woulcl also be beneficj-al to

A. craccivora"

Resul,'Ls of ilxperíinent I on cololry growth and alata ¡>r:oduction

(SecLion 2.2.3) p:ovj-de an insight j.nto the changing age-structure and afsc>

provicle a quai-ìtitative infortratioi.ì on ernigrati-on potential of the experimenta-ì-

colonj-es" The total population and the numl¡er of the first and seccnd instar

nymphs jn a coiony prj.o:: tothe start of <lispersal by alatae and apterae' are

d.ependent on the nutiber of apterae (Figures 2.I7 and 2.I8). The tertn

'dispersal' ín the conl-ext of Experiments I and II, has been usecl to describe

the rnover.netrLs of adrrll- a¡rÏrids off the host planl;s in field caçJes' Dispersal

by apterae, resulted in recluced product-ion of new nymphs in t-he colouies

(see Figure 2.14 and AppenCj-x II) " It is also interesting to note that-

the ratj-os of first instar nym¡-:hs to apterae, remaitred more ol: l-ess constartt

prior to the start of dispersal by al-atae and apterae, j-n the colonies which

varied in size from al-.ou-t 35 to over 3,000 aphids (Figure 2..I9). These

results indicate two as¡:ects of population growth in ,4. cra-ccivora coloníes.

Firstly, the absolute nurnbers or apterae (n,ot- their percenta-ge) determine

total populabion of a colony. Secondly, the producti.on of nyltphs per

aptera, remaius more or less constant as the total populatj-on increases '¿n'LiI

after the start of dispersal . In other \,Jords, there is no evj-dence of

density-clependent reductiorr of fecrrndity of apterae, in the colonies of

A. cracc.ivara in relat-ion to incr:easi.¡rg density, prior i-o the start of

dispersal.
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It can be conclu-ded froir.. these results (Irigure 2.Lci) that

recluction in the numbers of new nymphs in A. craccivora coloniers j.s

brougrht about by the emigraticn of apterae :lather than by their: reducecl

fecr-rndity. So relatively fewer apterae sta-y in a coJ-ony and cc.rntribui-e

'bo its nymphal. population, Thj-s mechanism of decl-ine of nurilbers j-rr

colonies of A. craccivara .is not unexpecte,J in view of the rnain thru.,st of

its biology towards em.:Lgration, as ân evolved adaptat-ion. Ttrese resul-ts

-i-n Ä. ctaccivo.ra are similar to thr:se c¡f Ito (1,.952a, l-9.F"r2b. I96C) wl^rc)

suggested that Äphjs 91 gcines M,, Ä" rnajd:ls F. I lúacros:iphun avenae akel,jae S,

and RhopaTasiphwm padi L. (=R. prunifoLjae n.) avoj-c1ed -inl,raspecific competj-ti.on

by emigrating as apterae, before c::owding cou.Ic1 decrease t-.heir fecundity,

The.se results are however different from the resul-1-s of si.milar

studies in eph)-s faba.e S. ('rrlay and Banks 1967¡ Dixon and WratterL l97l) and

Rrevicorgne .brassjcae L, (Hughes L963¡ Vüay 1969¡. l,^tay and Banks (196'i )

reported sl-or.¡ n.rultiplicat:iorr rates of reproducing apterae in colonies of

A. fabae, when the num.ber of apterae increaserf to more thair 1.6" Hughes

(1963) maintained thab reduced fecundíty of apterae in dense col-onies of

B. brassicae was an intraspecific stabilising mechauism, which helped

populations to persist. !{ay (1.968) concluded that the changes in ¡r'u¡nbe.rs

of progeny of -8 " brassicae, were not due to the changing numbers of

reprod.ucing apterae but because of their reduced fecundity due tc croviding.

The propor:tion of apterae remained remarkably constant at about 7"-" Ln

B. btassicae colonies with 100 to over 51000 api"rids" Reduced fecun<l-ity

in relation to i-ncreasing populations, has been reported for other aphid

species a1so, such as Drepanosiphum pTatanoides S. (Dixon l-975), EucaTfi.pterus;

tuJ-iae L. (oixon I971a) an'J I,IicroTophium carnosum B. (Perrin L976).
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These contras't-ing results j.n .4" crar:cívrt)rcì ô.DCl o'Lher agç¡rc:go.'ting

aphj-ds, srlcir as .4" fahae a-nd B. .brass:icae, ilicliqate that aphicl specj-es

differ iu thejr self-regulat-.i-ug mecha-ni-o¡ns; and these neÇh¿1ni.sms perhaps

reflecc the d-:i.fferences noL onl-y in their JcioJ,ogies l:ul: al-so in their:

aclaptat-ions to the naturo ârrd growLh haÌ¡its of 'their hcrst- plants"

Resul-ts of Experiment T (Section 2.2"3) also ¡trcr*.'j-d<: a rneasLll:e

of emigration potential or'å. cz'accivora colonies in tlre a]¡sence of natural

enemies ¡¡nd in nearJ-y-natu-r:al fielcl ccrrditio¡rs. The propo::'tiolr of ala'uifor:r's

a-morrg thir<l instar nyaqrhs in a colony of .4. craccivora c¿)-rì ire ::egarded as

the best measul:e of its potential rate of emi-g'rat-i-on, for i--he lîeasons

clj-scussed earlier (see Sectjon 2.2.34). The desL::uctivr¿ saliDlinq of the

experinrent-af cofonies of same age, v,'l'rich we::e ini'i:ia"l:ecL wj-th one al-.rì-:a., nct

only helped in pin-pointing the appearance cf al-atifc¡rm progenl' in l:el.¡r1-,icn

to age and size of a cofony, but also pror./-id.ed a pj-cture of c:harnges j.n tjre

potential rate of emigrat.ion. Alat-iform nlrmph.s were firct observecl j-i:

18 day oid cofonies which had over 300 aphicls (!'igures 2.2O a.¡riL 2.2)).

The potentiaf rate of emigration va::ied betweerr 75 and 9Je¿ i-tt'uhe co-1-on--'i-es

with 550 to over 4,000 aphids, until the colonies v¡ere 52 dary-s o1,ì (I'igures

2.2O and 2.2I) -

A rel-ationship between crowcling an<1 alata cleterminatiori, in the

experinental colonies, was worked out by tivc¡ methocls (Fj-glrres 2"22 ar¡d

2.23). This rel-ationship indicatei{ th¿,-t ìn a colony of a. ctaccivcra

on broad bean wit-h 92 to -108 aphids, 50s" of its fj-rst instar rrymphs tvould

probably become alatiformr at populations of more than 120 aphids per colon;,',

approximateJ-y 908 of f-irst instar nym¡:hs woulcl be alatì form.
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These resul.ts índicate th¿rt ¡1 " craccivora coloni es not only

produce alat-iform pl:ogeny rair-hin a shrort pel:iod ¿rfter their i,nceptì.on"

b1¡t also keep on producing a hígh prc'pcrtion (> Éì5nu¡ r:.ntil ttre c<:1-on-i<:s

begin to decline in nr-lmber:'s. Data in 2\ppendi-x tI sl-'ow dec-l.in5ng e'!,ì'lj-d

po¡-rrrlatJ-ons in a few col-onie's, samplecl at 45, 52 and 60 <laysr as the hosl-

plants had cleteriorated considerably" The po'Lentj.al. rates r:f ern-igrat-ion

i.n t--hese decliniirg colonies .,/aried L'retween 5¿i anci B5e¿ (Ì-igure 2.,-lC) " What

is evident from these resuits is that, Lhe ala-ta ¡troduction -r.l .4. <.:ra.ccivc-¡ra

is not a dens-ity-<lependeret process (J:-j-gure 2"2L).

Alata production in herbaceous aphid-s is .e popul-aticln prcccss

which man.ifests i1--seif in respc.lnse tr,¡ va,r:ious en\¡j.rcnntei:taJ- factors;,

experience<1 by aphids within a colony. Johnson and Birks (i-9b0) and

Jolrnson (f959, L959a, 1965, L966a, I966b) stu-died the effects of varj-ous

envi::onmental factors on vring determinat.ion in å. cracci.vora :-n labc¡l:a'i-or)¡"

Johnson ancl Birks (1960) suggested that al1 aphids begtan deveì-opinent- as

presumptive alatae and th¡¡t the cour:se of devel-opment :l-n ¡f . cracci.vor''t

was from winged to winglesstless, and that it lvas ¿.n irreversj.bl-e prc>cesi;.

They also suqgested that a decision whether an ind.j-vidual woulct becorne

wi.¡ged or wingless could J:e made between the embryolr-ic: stage (p:r'e:tatal)

and the second nioulÈ after birth (postnatal). Among the factors rrhicir t-,tay

directly influence the course r>f developntent of at-r aphid, .Tohnson (-L9C-5'

1966a, I966b) r'e,garded temperature ancl photoperioci as primary fa-c'cors.

Lower tempe::atures (lO to 2OoC) and shorter photoperiods (B to 12 hour.s)

favoured wing <1evelopment, whereas Ìrigirer tempera+-uzes (25 to 3OoC) and

longer: photoperiods (L2 to 16 hours) favcurer.l the apterous conij-tion"

Tactile stimulaLion anolìg the mothers a-s wel} as the young nymphs fa¡¡or:rç:d

wing development. Simílarly, the conrliLion of host plant also hacl.
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prenâtal- and postnatal effecLs. Young br-'o¿¡d bean se.tdJ.ings í.¿it¡c¡ure<l

apterous condit-j.on; maturecl and aged l:road bean 1=-]¿11'Ls favoured o;;Lni,

clevelopme¡t. Crovrdirrg and hos;1: pl-ant inJ:fuences v/ereì regarcled ar:i

seco¡clary factors. Starvat-ioir of mctTrers and yourlg nyi-rçirs f avourt:ri

a¡rterous clevelcrpment" furt- attenclance¡ cìur:ing first atrd second inr;'Lars

also fa.¿oured apte::ous dc:veJ-opr,renl- (,To.1lnson l-959a). Ifecharli-ca-l i-tljuries

inflict.ed on ny:r'phs after second mouJ-t and pa:rasitíz¿rtj.c-¡r.l sr:ppresse'-'i

winç¡ development (Johnson 1959) aud resul.ted irr -interinecljate acilll-tr;

which tookeO more like apterae but had ruclj-¡ieirtary wirrqs"

The theory of Johnson ancl Birks (1960) gets str:engtli frorn t-he

weli planned experiments, in wllich a distinc't-ion betv¡een prena-tal ai'rd

postr-ratal dj-versj-on v¿as well ernphas;ized. Fllrther, t-.he 'l-heor¡r res'Ls

heavily olr histological evidence of the pïesence of wing analgens in

each of a large number of fuJ-ly for:med embryos arrcl f irst instar nytnphr: 
'

wliich were l-aid by both apterae and alatae. T'he autirors a-lso shcrveci

tlrat nearly all the progeny of alatae, laid during the fìrst three

<lays of their reproductive lives, developerL into apterac'- on br:oad- ]>e¿rn

Ieaf dj.scs. Ilowever, among i:he nyrnphs laid later until 15 dayr;' 55 t--o

69% derzel-oped into alatae.

Lees (1975) gives a sutrunary of exper.imental ìtiork on aphi-d

dimorphísm and concludes that, in general , the int-eractions be+*v¡er:n ei:hi<Js

ancL to a lesser extent the ki.¡d of foocl , are the factc::s ursuall-y a:isc¡ciatecl

with the control of alary dirnorçhism. He also conc.:Iudes t-hat both Lhese

fac'uors act on the same enclocrine sl/stein a'lthctrg'h routec]- through

dj-fferent sensory pathways i.e., tacti'l e an<1 gustatory" The findings

of Johnson (1965, 1966a, 1966b,) in,4" cTaÇcj-vora, hovTever, ,Lj-ffer frcrn

this general concLusion (Lees f.975) and ít j-s clear that apl-rid specì-es
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differ in their responses to envi-::onnent-al- factor.'s r:egardi-n'; a'lai:y

<limorphism" Perha.ps, the anholocylic r-¡atu.re of a" ctaccivora may a]-so

make this species different in th-is r:c:spect'

The o¡served high rates of emigratíon in the expe::-ilnenlal

colonies of Ä. cracc-ivora (Figu-res 2.2O and 2.2L) are nct ulexpected;

these results provide fie}rl evj-derrce in support of the f|nrii-ngs of:

Johnson (f965, L966a, f966b). It is evident t'hat tlie tenper"atul.es,

the phot-operiod, an<l the conditions of Lrost plant-s, used in Lhese

experiments may ha-ve contributed to higher ra'tes oiÎ emiqrat--ir:n- Tleniperarl-tt'r:e

an<l photoperi.od not only have d-irect effects oll morpir deternij'n¿Ltion but:

also affect gr:owth and developmental ph;ysiology of l-ir-rst pJ'aut-'s in the fielo'

It is, therefore, difficult to distinguish between the dj-rect al-ì-ri indiri:ct-.

effects of these factors in the fie1cl . The r:esul-ts of Expe::irnen'L I,

thus represent, the outcome of an interactj-on of al-I the envj'¡:oirmr:n't¿¡1.-

factors (except ant attenrfance) which rnay ,influe:rce alata de-Lr:r:mil1aLior¡

in A. craccivora colonies in the fiel-d.

An interesting oubcome of these results ís the quanLii--ative

assortment of apterae and aLatae in the colonies. The proport-ions of

apterous nymphs mostly varied between 5 and 15% (Figure 2.2A), ancl this

small proportion not only maintained hj.gh rates of ,rlata pr:od'uctioi'l , but'

also helped the persistence of the colorries un'til the hosL plarrts

deteri-orated.

There is another explanation for the observe<1 hiqh rates cf

emigration in li. craccivora colonies. Masb of the nyrçhs laid by the

col-onizing alatae during their earlier phases cf reproductio¡r became

apterae in the newly estal¡Iished cofonies (see Appendix IIÏ) ' Alatj-form

nymphs appeared among the nymphs laid by tÌ:e first generat-ion apter-ae.

It is also probable that the nynphs laicl by the colonizj-ng erl at+re dur':.ng
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later phase of their reprocluctiou, may irave al.so l¡ecome ala'ii:lor:¡'r'

General-J-y, in parthenogenel.:ic ancl viviperr:orrs ÌierÌ.laceor-is apirids, 1:1ie:

appearance of af atiform nymphs among t-he progenies c¡f apterons aclu.l,1:s,

iS a ComniOll occurlence. This gener:a.lj-satj.on íS refe'(,/¿ì-rrt: to

A" craccivora, as Johnscn ancl B-i.i:lcs (f960) obser-ved wel-l ,Levelopetl

wing a{A(y'gen in t-he first instar rryntphs }aic1 by apterae. Al-so, j-t

is less cotnmon to expect alatifor:m nymplis afltongi the proqenies of a-r'ai-a-e

viv.ipa.rae. In this context, if apterae are tire predo:xj-irantl-y

reprodyc.ing nor:ph in a colonyf because of emigration of theí:: counLerp;rrt

alatae away from that coloDy, then a constant hígh ¡lroportíon of

aiatifo:rm nymphs can be expected-, until alatae also beg-in to reprcduce

.in that coJ-ony. This is exactl-y what had happenecl" T.r:l sorre c>f tÌie

cageC cofonies which \{ere samplecl at 52 and- 60 days, a cons|derab-Le

¡ruml¡er of alatae were also r:eprodr-rcing and, their progeni-es vre;'e pr:cl1:la-L.r.1¡¡

i.ncreasing the propo::tions of apterous nymphsi consequent-ly t-he

proportions of alatiform nymphs in third instar i-n i-hese coionies

declined from 75 to 55% (Figure 2.2O). I^lhat- becomes ob\,'ir:o.s f::o¡n the

foregoing cliscussion is that the f li-ghi behaviour of al-atae -i s af so ¿tn

important factor which affects the potential rate of emigrat-ion of a

colony. If alatae of an aphid species do not fly away and, instead.

Ieprocluce in a colóny tben high proportions: of apteriform nyrnphs c¿rrr

be expected in that colony and consequently <lense colonies with hj-gh

aphid popuJ-ations woulcl result on host plants" This is true fo:: the

rrewly intr:ocluced spotted alfalfa aphicl (Therioaphis tt:i.foi-ii M") ' whicìr

forms clense colonies on lucerne in South Aust::alia ín summer ¡tonths.

Messenger ancl Force (1963) also reported poor alata dispersal- and"

increased populatj-ons in TherioapÌtjs macuLata B. on alfalfa rurtil the

host plants collapsed.
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Pr:ocìuctj-6n of l-righeÍ pl:opo:!:t-ions oi aiatifoT[i progeuy at

higher popu]a1-ions (I'-igure 2.n) would resulL in dispers;al- of m.rny

col.o¡izel:s in a locali.ty. The enorrnous nurnJters of tile uo-l-onize::s

\yould increasc-: the prokra-trility of success of col-onizat.içn anC

establishment of this specj.es elsewhere. These resu.lts (Ê'igure 2"2)-)

thus prorride errçir:,i-ca-1. er¡idence .ill support of the h:Zpc¡Lhesis Lhat

A. craccivora j-s a super-miglant speÇies (Gutierrez et ¿t"L. l9?4a).

The relationsl-rip between populat-ion d-ensity per st:eÌn aL-taì tihe

proportions of afatifor:m nymphs ol1 sul)t-e.l:ranea.rì cfover (Irigtr.re 3 of

Gutt-ierrez et aJ-. 1974a) , howeve::, dOes not slrpport the pi:e<:ecling

hypothesis. The proportion of alatiforln nynìphs shown t-,y Èhis

relationship declines drastically to zero at Trigher ;rpirid derlsitie¡':.

Also, this relationship is one of the most il portant inputs.ili i"'lre

model of A. craccivota popula'Lions in tentperate legure pastures oi:

South Eastern Australia (Gutierrez et af . I9-/4a-) " It may wel-l be

argued that the aphid would respond differently to cliffe-r:en'L hosi-. pJ-ant

species. Ilowever, it is unlikel.y that the sequence of popr:iati-on

events during the growth of a colony of A. craccivota woul-d kre any

different on different host plant species. Tl're totaj" po¡rulation of

a colony and the time of s+-art of dispersal ma.y vaIY accDrding to

host plant characteristics (see Section 2.3) but a drastic reduct-ion in

the proportions of alatifoïm progeny in rel-ai-,iou to higher Þo1:ulation

of a colony may harcll-y be expected nrerely because of a differerrt hosL

plant species, under a given set of weather condit-ions. I, +-herefore,

suggesb that this relationship. given by thc.: auttto::s, needs a considerabl-e

improvement as the outputs of the model rest heavily orr this single

re1-ationsh.ip. Two examples of such outputs are: the Ïatios of totaf
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al-atrae ,:rrd t--6taJ- a-I-r'ì:.er¿-È, ¡rrorJ.ttced at va;iE)l.lsj tírtles ancl v¡j-¡ll c.'l.ij:fer:ent

ÍrritiaL L¡rtes of infestat-j.cn., ltave be-en rcgarded as criter:ia. fi;'r

opt-inrurn al.ata pr:o<1ucti.on iri Z. . ct¿tacivo-ra poptrl-atínns on i:urr :ned.ic

and sr"rliterr"aneari cloveri ¿rnd the effects of díiferen'E biotic rno:rt¿rijrì-Y

factor's ir: redu-cinç¡'Lhcr 1-.c,tal alal:a produc'c'iort have been regar:cl-ecL t+-s

críteri¿r for a successfu"l- bi-oJ-c-rgí(141. control ageut'

A surr/ey of j-j.t--eirature sl-.ows that cnll' ¿l ferv a¡¡trid spercies:

produce higher rates of alat¿re tiran å . craccivora j.n their naLui:al

populat;Lgns. 'I'or c;xarnple. t-.he lne.xj-mum rates of al¿rte product:i':;rr in

Brevicorqne brasr;ic.'ae L. (Hugtres 1963) , Miczo'Lopltittm cäTnosum iJ-

(Per¡in ig1,o) and ltufacarthun sol.a¡:.Í K. (Kazino L97L) ar:e 70e"; tr3Î; i-n

A. fabae s. (ltay arrd Banks 1,967); 50% in itîefanaphis pgrar.íuls -fc¡-rma

sacckarÍ 7,. (v¿rn R-ensÌ:r"rr:g 1.973) ; a¡rd 858 in MacrosipLtum rosae L"

(l'{aelzer L977) "

The naximum rat--es <lf ¡r-La,ua pr-'ocluction j.n labol'atory st-udies

were BOe; ín AcgrthosÍphon.pisurn H. (Sutherla¡rd 1969) arrd llho¡:a]-osiphum

jnserturn I,I" (Ðervar l-976) ¡ 9/*4 in Ðgsaphjs derzecta I{" (Fo¡:rest L974J ¡

69? ín Rhopalosiphttrn padÍ- L" (Dixon ancl Gl-en 1968); 66Ê in lfyzus

persicae S" (Kazino 1971) i a.ricl 603 j.n I;hetrioaphis ntacuLaia B. ('Ioba

et a7. 1967). The main quesl-ion arising fron these laboratory

stuclies is: how aften woul-C these pctentials for alata pro<Luctj.on be

reatized und.er nal:ural field concl.itions? For exampÏe, a+- a densi-ty cf

nearly l,LìOO aphids per rose- btrd,. 852" alatee'r{ere produced in experi'merrtai

colonies of llactosiphum rosae in the field, but the r:umbers of aphids

per rose bucl rarely rea.ch up i:o 500 ir-l natìlral populations of th-is

aphid (Maelzer 1977). Thc results of Exper:in".en'b I orr alat:a p::'oclucLion

(Figure 2.z'Lt represent a mcre reali.stic situation.
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p::oducl-ion nf alatae in aphid col.onies ¡¡rid l-heir em:i-gration

has bee¡ rega::ded ¡ls a <lensity-depenclent and int::aspecif-i-c s'i:4.Ìr:11-isi.nr;

r¡.echanisrrr by some ecologJ-sts (Hughes 1963¡ van Rens]¡'.r::c1 19'73; Gutier:ree

et: a.1." I97Aai Fay-'rell L976) ^ Th-is is a sweepi.nq gr:neral-.isa"hj,on aitd-

a tho¡ough ar:al-ysis of Lhis sLatement is jus;tifie<l . l.l.- seenrs ap¡rrol::-i-a.t-.e

here to make a dist:f-nctj-o:r between 'alata pr:oclrr"ction ¿rntl atr',i-ç¡re:.tiorrt o1Ì

one haLd and a 'densiiy-.depenäent intraspecifi.c stahilis;ing rnechai-ì-i-srnr

on the other, j.n colonies of herba-ceous aphids in general . These t-rv<-r

terrns are not to be confused r.{'j"L.h each other, as they re'p.r'eÕe'ir t'\^7o

dj-f fe::ent processes "

Alata product-ì-on anC emj.gz'ation, as cljscussed earfier, is ari

evolved. adaptation and an irrtegral perrt cf thr: b-i clogy of ari aph j-d

species. Each aph.id species has j-ts own gc;retic mechatrisrn whic:il oç,er-'a'i--es

i¡ r:esponse to its total- and i.uunedia.te enlzironment i.e., ternperirtur:<-r,

pì'rot-ope::ì.cld, conciition of host plant and ì:hc: extent of crorvding, etc.,

¡+nd resu-l.ts j-n proctuction of varying proportions of vringecl a-ricl wi.r'rc¡lei;s

pïogeny. Further, t-he morph ancl generation sbatus of reproducing aph:ì,ds

in a co'lony also influences the extent of production of al;'rtae" 'r'he

em-ì-gration of al-atae j-nvolves a specialized betraviour, chaz¡;cteri:;tj-c ojl

migratory insects (Kenrredy 1961, I975), which takes thern away frcrm a

colony througJr active and persistent flight. Prevailing l;e:mperatures

and light i¡rb.ensities cleternrine whetiter or not fJ-ight occurs (Taylor

Lg5'1 , 1965). Neithe:: the al-ata prodrictir:n nor the flight behavio'rrr,

which are the comporrents of emigratj.on in an aphid <;olony' i1ppe.lr t-o

be i.nfluenced solel-y by the rlensity of a coJ-ony.

Production of higller proportions of alatae ín dense colonìes

on old a.nd deteriorating host p.1-ants, Ìras often be.:en regardecl as e

de¡si.ty-dependent process (l{ughes 1963). The guality a¡rd the q-ueinLity



138.

of plant sap on whicLr aptricls feed Ín old and cleterior-'ating hosri-- p-Lant.s,

may be as importa¡t a fac'uor as crowding, experienced by aplr-icis due

t-o high density, for the production of high proportions of alatae.

There is no good t:eason to enrphasize the rale of densrty at the exr:ense

of the.role of nutrition, p::o'iziderl by the old. and deteriorating host

plants.

The term rini:raspec-ific stabilising mechanisnr' (Ilugbes 1.963)

tlecessariJ-y has a corrnotation of suppressirlg or counte::act,ing effec]t-

orr the rate of íncrease of an aphid population, r,vhereas ¡ernì-gration by

alat-.aet tlay ol: malr not coutrihute to suppression of a populat"ion.

These tvr'o terrns are. therefore, not synonyrßous with each oi-her" It

is not the nature of the ernigration itself, but its intensíty and tlie

extenl- of this process, relatj-ve Èo birth rate and inrrnigral--ion, whi.ch

j-s important as far as stability or decline of an aphid popr-rlat-i.on i.s;

concerned. The need for stalrility or persistence of a populatic,n j-¡r

time is also implicit in the term rstabil-ising mechanism'. For exarn¡:ì-e,

when the host plants are scalîce or too diff.icuit to be -i-r¡cated. for

initiation of new colon-ies, pr:olonged persistence of the exisi:i.ng colon-ies

in an area wouJ-d be an immediate need. Minímisation of over-expl.oitation

of the existing host plarrts would be desirable; under such circumstances.

ernigration by alatae may contribute to decline of a population and

can be rega-rded as a .stabilising rnechanj-smi conseguently, tÌre prolonged

survival of declining colonies can be achieved..

A constant. hiqh late of ernigration j-n /t . ciaccivo-z'a co-l-onies

until the host plants Ceteriorate an<1. collapse (I'igures 2.20 and 2.2J-),

does indicate that the production of colonizers (alatae) j-s the immediate

need -ì-n this aphid, rather than the persisterrce and prol.onged srrrvival
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of its col-onies on deteriorating host pla-nts. fn thi.s c:ontcxt, tLr.c:

alata proclucti.on and alata ernigration j-n .A " ctacc.i.vol-a cannot be

rega'-rded as a density-depencl-ent. int::aspecif-ic stal:il--ì-sing tnecìiárn:i.sni,

bu¡ that emigrati-on can be regar<1ec1 justifiabl-1' and in it.s orvn right,

as an int-egra-ì. ¡rart of th-e life Ìristor¡z of this aphid (ningle 1-9'72, I97tj).

The conseguences of em-igral:ion by .4. cracc:ivora alatai: may Ì.rr:

clj-f f erent in indj.vidua.l- cof onies. If i:he losses bi' emig=aiion are

eq.ual to birth rat.e and -inimÏgration, emigration in a colon)'r.'cirld then

have a stabil-jsing influence. If the losses by emj-ç¡r:atj-on excet'.cr 1-irr'-

birth t:äte, then emigration can be regarded as the regul.ati.ng f.rcto:r: for

population changes in a colony. Once emigraticn has a regurlaiìng

j.nfhience, the aphid population in a coJ-ony woul-d continue to de-:cL-i.ne

and the cololly would perish ult-imately, rather than pers.ist-j.ng a.t-. a litcre

oï less stab.Le size. In this co¡rtext, the s-ize of-'a co:i-ony at rvÍlick thr,:

losses by eniigration equal its birth rate, can he regar:ded as its 'upper

size'. The upper size of a colony depenos on host ptant cha-I:acter':is1;j-cs

(see Sections 2. 2 . 3l--B and 2 . 3. 5l .

Resul-t-s of Experiment ï (Section 2.2.3) also provj-de an esti:natc¡

of the numbers of alatae, wl:ich a colony of A. craccivota Çan produce

on a two week olcl broad bean plant, colonized' b1i one arata' in the

al¡sence of natural enemies (Table 2.2) " These resrrl.'Ls irld-i.cate that

broad bean j-s a favoura-Jrle crop for the prorluction of high densj.'t:Lc:s of

A. cracciyo.z:a alatae per trnit area, during winter ín Sorrth Au-stralia"

The total nuniber of alatae which can be produced olì a Laroad Ï¡ea:r plan'i-

under natural conclitionsr would however var]a, depending on the presellce

ancl activities of natura] enem|es. Other factors such as cu.'l-tivars
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of Sroail l>ean, e-ge at infest¿¡t-j-on and t-he interva-l between colorij,::al--ion

and matu¡:ì.ty of tbe crop in a- season, would al-so infll.lence the exteli"u

of-'afata p::ocluction. The r:esul-ts i¡r Table 2-2 get support from t:he

observations of nat-ural infest.a-t-.íons of Ä. craccivora on maLure l:r:c¡ad.

beans ab Mortlock in earl.y Novernþer 1976 (see Sectio¡ 4.3). Ori t"he

bas-ts of these resrrlts, I p::eclict that /l . cïaccivoia ir¿ts the pol--e:rt-ial

of attaini¡g a pest status in Sorrth Arrst-::¿rlj-a during rvitÏLer:-spr j.nqf

if hroad beans are gtrowlì oi-r a J-arge scale, especially so in the coas'tal

areas of t-he State, wher:e temperatureS, f roir.r Jrlne to October:, ai:e suCh

tirat thj-s aphid can conplete 4 generat-ions during this period (Year Eook

of South Australia 19-/8).

Hgwever, whether ol: not ¿r broad bean crop in Sou'th Austr:alj-a

can be infestecì |eavily wit-h Ä. cTaccivora, worlld depencl to a greai:er

extent on t-emper¿rttires tira-t would. prevait soon after the germinatJ-on of

the crop. If the daily maximum t:ernperatures relua.in > J.6-L7oC fot.t

consider¿rble per:iod, a greater prob,a.bility of colonizatic¡n of a yo'úng

crop can be expected (see Section 3).

Results of t'igure 2.30 indicate variation in the rates of dispersal

of aiatae anÌong the six. caged colonies. Il- is evj-dent ihat ind-ividuaf

colonies differed in tliis respect. These results imply that the exten.t

of alata producti.on and dispersal in À " ctaccivora is rel-ated t"-o the

size of its colonies. This means that the a-bundance of the alatae ir-r

an area would be deperrdent on the upper size of. its ccl-crries i"e', host

plant species on which large:r colonies can devefop, ri\rould produce ntore

alatae per unit area than those which can sttpport smaller coloni-es-

Results of Experì.ment I1 (Section 2.3.4) support this implication'
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Tt is also evident from lrigure 2.30 that the rate of

d.ispersal of al-atae is postive.'l-y related to the age of t'he colonies"

T'his means that in an area, h-iEher aer:ial clens.'i.ties of 11 . cra.cc.ivora

can be expected at the matr-rrity of- its host crops. The observecl ¡-re:a-Jis

of colonizing A. craccivo-ra alatae in the experj.mental plo{"-.s at Mort-l-oc.lç

in early Noveml¡er 1975 and 1976 and i.n rnid October 1977 (see 1'ables

4"tI and 4"L2.) support this conclusion.

Results of Experiment II (Section 2.3"4) h¡¡t¡e been discr-rssc-:d

briefly in their respectirre secti()ns. These r:esult-s are especially

refevant to the hypothesis c¡f this study. They desc;ri]>e the i.nl-eractions

of initial nrunbers of col-onizi-ng alatae a'nd host plant spe¡sjss on the

prod.ucÈion and emigration of alatae and apterae.

These results provide additional fj-etd evidence in support <-'f

the theory of wing determination in z1 . craccivota (Johnscn and Iii.rks;

1960) , as alatiform n1'mphs among the first" generat-ion ap::ids vier:e

observed in most of the experimental coionies (Tables 2.3I and 2..32).

Initiat number of coloni z)-ttg alatae had no effect otr the time of ã.ppearallce

of alatiform progeny on cornmon burr medic and broad bean plants. Ilor+er,ter,

on lucerne and subterranean c-l-over:, alatiform rtyntphs appearîeo only i.rr

the colonies which were initiated by 4 and I alatare, a'E 19 days after

colony inception. This indicate,l that the effect of in-i-t-.ial- numl¡er of

colonizing alatae, had cornplementary effect on the product.ion ol:

alatiform progeny among the first generation aphids on b.hese host piatrts"

Although the alatiform nlmphs were seen in the colonjes 19 days

after start of the experirnent, ala-ta dispe:rsal in the cages \das not
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observed untif 39-42 days (Tabl-e 2.33). The reason for: this apparenl-

delay in al-ata dispersal is unkrrowr-1 " Howe'ver, j-t seelns lj.keiv t.h¿rt

the alatae were preventecl from flj-ght by'l-he prevaj-l.inq low Leinpera.tLrr:es

and settled on the plants without flight. Tt is alsc probab.le rha-'L t-he

flight behavior.rr of first generation alatae (progeny of a1.a.tae viviparae)

may be dj-fferent from those alatae, Iaid by apberae vivipara-e. Ër.en

j-f the latter possibiJ.ity v¡as true," it- l¡or.rlc1 :lct have been eco-Logically

significant because of the over-ridir.rg flight inhibi.ti-ng influe¡rce <rf

low ternperaLures, and the alatae would have eventuall-y settl-ed orr

ttre host plants v¡ithout flight.

A meaningful understanding of the observed emigrertion jn the

e>çerimerrtal co.lonies (Sections 2.3.43 anrJ 2.3.44) r wâs made by i:-wo

approaches. The parrameters userd j.n the first approacl"l ',tere the perjoús

of dispersal and the rates of dispersal- overbhose periods " ïn tlie

second approach, the mean cumulative nr:niber of alatae, and apterae, v¡hich

dispersed from a colony with the same colonization density on oue host

plant species, \^rere compared statistically by two-v;ay anal.ysis of

variance. It was, therefore, possible to compare the effects of

colonisation densities on the rates of di spersal of alatae ancl a¡:terac:

on different host plant species on one lland. and also to assess the

interactions of the colonisation densiti-es an<l the hcrst pl-ai-rrÌ species on tire

output of emigrants on tlie other.

It is evid.ent from Figures 2.310 2.32 anð, 2.33 th.at the

rate of dispersal- of al-atae was relatecl to init.ial numbers of colonizii.rg

alatae in the col-onies. The period of alata dispersal in the colonies

with 4 and I alatae was shorter than the period in the col.onies wii:h I

and 2 alatae (Figures 2.34, 2.35 and 2"36). The combj-na-tions of high
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lîates of al-ata clispersal ancl shorter dispersal periods ín l;he cr¡lcnjcrs

wj.th 4 ancl B alatae and lo\,rer rates of alatla cl.ispersaÌ for longel:

periods i.n tire colonies with I and 2 alat.ae. sign-ì-fier.i tÌiat tirer initial

colonisation densi-ties had influencr:cl +¿he rar¡e ancl the pa'i:ber:rl of alaLa

dispersal on a hos't plant species w-!-thout af:[ectirrg t]re i:.ot.el output of

al-af-ae frorn a coJ-ony. Results of analysis of variauce ¿r.i.so .in,licated

that initial colonisation clensit-i-es had no si-gnificant eífecl on the

ouLput of di-spersing alatae ('I'air.Ie 2"34). Tire lrnpiicatj-o:r of .these

resull-s ís that the output of ¿. cÍ:acc.îtorra emjgl:ant.s fro¡o a crop v¿ou.lcL

no'b be influenced by the colcrnj-zation behavj-c,ttr of t-'[tc+ aiatae iru't tha't-

the start of alata dispersal ¿-rnd the nuinbers of dispe..::sinc¡ alatae j-n

time would vary according to the number arld tÌre distribul'tort çÊ

different sized coloni-es in the crop.

sj_gnifcant diflferences in respecL of total- clispe::sj-ng a.ia!,ae

v¡erg ob.iervecl between the host plant specl-es (Table 2.34). lolore al-ei¿=ie:

dispersed from the cofonies on broad bean and connon burr trtedic titan

from subt-erranean clover, and there were no s.ignificant cliffere¡rces :in

this respect betvreen broad beans and comrnon Ì¡urr ntedic (Table 2.35).

It is essential to point out here that in the cololries j-niti.etecl wi'th

one al-ata on broad beals, l,Iacrosiphun er:pharbiae werc also breed-i-ng"

Frrther, these colonies \^/ere attacked b'¿ the parasites (.ztphjd.íus

col-emani) at a later stage (see Apperrdix XI). The colon-jLes j-nit.i.ai-ecl"

with I alatae on broad beans wel:e also attacl<ec1 by the p¿lrasites

(Appendix XI). If these colonies had not been contaminatecì rv-it-h

M. euphorbiae and the parasites, :'-t is prclbable tTrat many more alatae

would have dispersed from brc¡a<1 beans. Vilirat these resulbs -inçly is that

lrnde:: identical conditions c-f cclonisati.on .:.nd- weathet r nore alatae

woul-d tÌ.isperse from a unit area of broacl beans than from an eqtra.l area

of subterranean clover. Thr:se differences 'þeLween host pì-ant spec:ies
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in respect-- of their capacitj-es tct produce t:migl:ants, POjrr-i; or¡t the

impoîLance of t.heir structu::e and surface area on whj.ch the apìr-ì.d-s

lrot onfy feed but a-lso form colon¡l.es. Thus, in the cout-e.'it of the

defin-i-tÌon of resourcesj as a coro.ponent of environnent of ¿Ln aniin¿:.'l-

species (Andrewartha and Birch L951+¡ AnclI:ewarth¿l l96t) , a host. p1a-r-rl:

should Ïre reqarded noL nerely ¿ls a sor-lrce of nutrition for apirids

Ìrut also as a place for fhem to live. Às Dixon (.1977) po.irrts out,

t]:e rol-e olî host plani: in its entirety has ofl-en been ignoreC in ti-re

studj-es of population dynamj-cs of herbaceous aphíd.s. The for:egoingi

results can be r:egarded as a step forward tow¿¡rcl,s ::emedf ing thJ-s

situatj-on. Further', these results define also the concept of ca:rrying

capacity of a ho,st plar-rt which for aphid species such as Ä. craccivora

can be :-'egarded as a transient resource (Maelzer L971). The results

of Experiment fT (Section 2.3.4), therel'ore. provide evj-dence in suppr;rt.

of the hypothes-is of this research project.

These results are sti-ikingly similar to the finoings of Víay

and Banks (L961) in ,aph-is fabae S. llay and Banks (L961) studied

population growth and ernigration in A. fabae coLonies, which were

initiated by 2, 41 8, t6 and 32 apterae per pl,ant on trvo si.::es of broad

beans and kept outdoors in f.ield cages. Initial colonizatiorr derrsities

liac1 n,c striking influence on the total- number of emigran'Ls, rvhereas the

size of the plants i¡rfluenced thej-r output enormousl)¡. The total nulrù)er

of emigrant aphids from smai-l pJ-ants from the densitj,es of 2, B and 32

initial apterae, v:/ere 3635, 2600 a.nd 2706t \^/hereas the or-rt-puts of

emigrants from large plants fr:om all the 5 dens-ities r'¿e¡:e 19540, L'1963,

L7397, L4599 and 15099 aphids. The proportions of aclu-Lt- e.l-at-ae anollgr

the emigrants varied between 26 and 56% on smalf plan'ts ancl betiveen 55

ancl 63% on large plants (Table 5, Ex.perimenl fI of lalay and Banks 196l).
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'Ihe significatrce of the size of host plant (surface area ancl

carrying ca¡racity) j-n the build-up of A. fìa'bae populations and

alat:a dispersal is evident front t:hese resul-ts.

$imil-ar studies in l/gperotnAzus lactucae r'. (Boakye- J*9'73)

revealed different results. The output of emigrants increasecl

rvith increasing initial col-onization density and moïìe ¿]¿+ae enígr¿)t€jd

from smaf I than from rrredium ancl large sowthistle p.Lants. Thct Lrie.rrr

popr.rlatio¡ìs on smalJ, med:i-un and large plants rvere 1735, 95ll ¿r-nd l23i

aptricls. The small. nurnbers ot H. Iactucae eroigl:ants fr:orrr larçJe ¡rlant:s

ca¡ be attributed to smal-I aphid populations on these pl.rnts ' and to a

leeser extent, to their larger surface areas and ca:tr-rying capacj.ties

also" In th-i-s context, the dispersal of afatae in this aphicl may i-.e

regarded as facul-tative in a sense because of j-Ès relatj.onsliip w-itli

the state of crowding on small sowthisLle planLs.

Resulb-s of Bxperirnent fI also established apterous rlispersal

as an essential- but facultative behaviour in A. craccivoz'a (see

Section 2.3.44). These results also confirm the resul-ts of Ëxperirìerrt f

on apterous d-ispersal (see Section 2 "2.36). Neither Lhe initial- nui'cberr;

of colonizing al-atae tfoï the host plant species had any siEni-ficatrt effc-ct

on the totat number of clispersing aptera.e (Tabl.es 2.36 and 2.37J. Tire

rate of dispersal of apterae v¡as rel.ated to the ínitial- numbers of

colonj-zing alatae and, this rel-ationshi,o ivas more apparent on commou bu:lr

mecU.c and. subterralreatl clover than on broacl beans (see Fiqiures 2'3'l ,

2.38 and 2.39). This means t-hat dispersal of 1i" craccivc,ra apterae is

a response to the extent of crowdíng and the shortage of space fo:r

apterous settling and larvj-position on the hos'L plants. Similar
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results have l:ee¡r recordec in ^apåis fabae (I¿la)/ anct Banks 19e'7)

and in Macrosipbtuln rosae (tlaelzer '1911).

The results in l'ígures 2.3'7, 2"38 and 2-39, provide addit-ional

evidence i¡ su¡rport of the r:esul-ts of fixpe::iment T. wherein apterous

dispersal iir a few decl.ininç7 colonies \^ras associaLed with cleclÍning

numbers of young nymphs and thej,r total- populatj-ons (see ,Sect-j-gn

2.2.3f.*C and !-igures 2.1-2 and 2.74). The ear'Iy start of aptcrous

d.ispersal and its facultative nature in response tc smaller su¡lface

areas on coÍunon burr rnedicj and, su.h¡terranean clcver plants, in cc-'ntrasl:

to the rlelayed dispersal (i¡y approxj-rnaLely one generation time) on

broad beans which harJ larger strrface area for apt-erous feeding a.n<1

Iarvipcsition, is ad<litional dj-rect eviclence in support of the hy1>othesisr

of this study. The tota.l. population and the nurnJ¡er of first ancl second

instar nymphs in a groiving colon)r of .A. craccivo-ra are Oependeni-. on *-iie

number of apterae (see l-igures 2.L'l and 2.18). DeJ-ayed apter:ous

dispersal would result in increased reproductic¡n by many a-p't-erae and hence

a higher build-up of popuJ.ation on a plant j-.e., a larger lrp*rer size of

a colony. This would r:esult-- in a larger output of ernig:rant al-atae and

j-ncreased recolonizatiorr in a crop. The ultimate resul-t woul-d be a

higher level of abundance of this aphid in a field or an ¿rea" The

influence of the size, surface area and carrying capacity of i'rost pl.ants

on the start and the extent of apterous clíspersal and hence on ther

upper size of colonies of å. craccivor:;r , thus expJ.ains the ímportance of

the host plant as a factor in the l-ocal abundance of this apiricl (see also

Section 2.3"5)

The concept of carrying capacity of hosl: plants and il--s :co1e

in the abundance of aphid populations in nature, does not seen limiteô
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to Ä. crascivora onll'. Perrin (1976) stuciied the causes of changes

in the natural populations of the stingi.ng nettle aphid (I'îicro.l-o¡tlLiurn

carnosum B.) j,n thrce different nettie patcires" He conclucì.ed that

each nettle patch had a particular 'carryinq capacityr for aphicls'

withirr whj-ch biennial fluctuations of the aph-id numbers occurretl"

Studies on the causes of changes in t-he rtunlcers of the rose aphid

(Macrosi¡-thutn rosae L.j on rose bushes índ-icat-ed that- two peahs cf a'bunCance

of this aph-'ld in Llprj-ng were rel-aLecl to the numbers of avail.able rose

buds, suitable for colonisation. This was especially so, bccause of

the transj,ent. nature ot' rose buCs for thís a.rrhi'J (Mae1zer J-917) .

Ilhat is 'bhe signi-fi.cance cf apterous dri-spersal in the surv.iva.l

of ./i. craccivoz'a popul-ations? ?\pterous d.ispersal malr be ad':¡antageous

to å. craccivora on two levels. On the le'¡el- of a colonyr apterous

dispersal niay prolong i.ts survival on a deteriorating host pJ-ent and

hence the pcríod over wìtich alatae may be p:oduceC. On the ler,¡ei of

a group of colonies in an area, apte::ous clispe::sal may be arr importernt.

means of colonizing and utilizÍng ihe nearby unj-nfestecl food plants

efficiently; thus prolonging not only the survival of a -local populat-tcn

as a who-le until al-I the availabl-e plants mature, coll-aPse or vanish,

but also the period of al-ata production and díspersal irr that area.

Results of experiments and observations on fli.ght betiavioul'

(Sectíon 3) clo not indicate any behavicural polymor,uhism arnong

A. craccivora alatae as has beeu reported in å. fabae (shaw I97Oa)'

These resu.lts do emphasize the over*rid-ing flight ínhib.iting effecl-s crf

prevailing weather, particrrlarl.y of low temper:atures (< 17oC) aircl al-so

the adverse effects of rains, honey dew, parasitj.zat-i-on and d-rop-oj.ng off

behavi.our orr \¡ring distortion and thus on fligïrt behaviour. Vlhat carl



I48 "

be cc.nclutrecl fr:om L--hese res:ults is th.at, in tlre al:sence o:[ any

behavioural poJ-ymorphism a-m.ong the alatae, the major emigraiion

rnechanisrn in -ã. cracc:i\,ora seerns to be .its extreme sensíi-ivi,ty 'tc

produc:e alat:l'-fr¡rm pr:ogenies in its coloirie.s . in other v¡or,fs, the

ttu:eshoici-s r¡f stj-mul.i rvhicir deter¡.nine alal-a deveJ.opinenL a,re verlr

low ín Ä. craccivora.. The flequent occurrences of larqe-: nr-rnbers of

intermedí.ates in th<: n¿rtural populations of .4. craccivcra íu Soui:h liast

Australia and SoutÌ: Ãrist:ralia (C¿rr"ver L974 * personal cormLtunj-cation)

can be attrj.buted to the extrerr.e sensitivity of tkris species to alata

production.

Beh.rviourai pol.ymorphísrrr amorrg A. craccivo,ra ¿"-latae 'wou1d uot

be ecologically useful to the species. Firstly, the mechanisrn of wing

aeterminat.ion (Johnson ancl Bj-rl<s 1960) a¡rd its physiok:gical sensìtivii;y

to various environmen'Lal factors (Johnson l-965 ¡ L966a, l9fr6b) r^¡ould tnal';e

any behavioural poJ-ymorphisrn (among its alatae) strperfluous, and sucl:

a polymo::phism would only reduce bhe extent of actua-l ernigration.

Secondly, the over:-riding ancl synchronisj.ng na-ture of prevailing rveathez:

on alata emigration on one hand, and the intensities of other-' factors

in the immecl.iate environment <¡f the afatae, such as i-he extent of honey

dev.' secretion, rains, parasitizat-ion, and wincl velocíties which rtay

blow the alatae off t-he plants, on the other, lvoul-d also render any

]:ehavioural poll.rnorphism ineffectìve" More i-rnportantly, beh¡rvioura.l-

pol.yrnorph.ism among the afatae would i¡e counter-p:loduc-'í.ve tc.¡ the

migratory life hístory of this aphid since the main thrus'E of its

field biology is t,r produce rnany coJ-onize:ls a-trd achieve a hiqh degree

of colonj-zation, rathelî than to prolong the sur:vival of the exist-irrg

colonies.
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The irsc+f ulness of beharzicui:al- ¡ro1.ymr.;'rphj-srn irr Ä. r:tac:c-iv<>ra

al¿itae m;ry also be judgect by its ccnsequences in a co1-ony" If a

pr:oportion of flight rnatuy'e al¡rt¿re cloes not fly away but l:eproduces

i¡ a colony, tìre nr.urJ¡er of ::eprodu.ci-rrc¡ apterae t¡ou.l.d- incrcnse (see

Figure 2"2.L) an,ä this rvoufd r:esult in bhe earrllz collapse cif. L-he host

pla¡rt. The output of etnigran-' aJatae f'rom tha't coioiry v¡or"ll-d be

::ec1icecl , because many al atiform nymphs would fa-il t<.r beccrne aCu-Ltsl

due to the early death of the host plan't (way and Ë,anks ].967) .

The veïy idea of ]:ehar'¡iorrra-t. _oc,I.vrno.::phisrn anonq tr'iirç¡ecl aph.ì-ds '

rests heavii.y on the laboratory ex.perirrte¡:t.s in 1I" fabae isi.hau' 1-9'i0a) "

Low tempratures (< t6oc) ancl lor¡ -tigh't intensit-ì-es inhibil: l:;rlie:-'off ancl

flight in A. fabae (Tayl-or Lg57, 1965). Shaw (1970a) cono'i.ucted ir,is

experiments at-. a cycJ-e of l-6 hr ligirt ancl I hr rfark" Tettçr,:ratu::e

during the light period was 2O+1oC anri 15+l.oc cltr.ri.ng the cla-rlc (SÌ:aw

l-970) . Unde¡: these experimelrtal- conclj-tions it is l-:Ll:ely tiiat

flíght mature alata,e which cornpleted their teneral perio<1 d';ring tne

dark, woul-d have been prevented from taking off and wonlc-l be liabLe to

settle on host plant and reproduce on it withouL flj-ght (Joiinson -1.958) -

Further, there vnas no provision irr the experitnental :;et-up 'Lo cl-Lstinguish

between the flying alatae and- t-.hose v¡hich walkerl or ctropped off t-he

host seedli¡g. The alatae could also come back to the seetiLirrg after

Ieavj.ng it once, because the sticky t:rapping surface (to tr;ip the f-'l1zin<¡i

alatae) was provicled only at the top of- the lant--ern lantp cage; the

transparent waf-is of the lantern lamp rve::e devoj-d of any tj:elppj.ng aree-

The interpretations and conclusions deïived frcim the obse::vati ons uncjer

these experimental conditions may, thel:efore, remain questiorrabie.

The experiments and obsc:rvatj-ons on f l- j gtrt behav-iori:: of

craccivoz:a (Section 3) explain the occurrences of au'Lr]lr'1ì ¡rnd spri.ngA
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fliglrts (Gutierrez et a.L" L9'7I, L9'74b) anr-i the sr{arns of 'l'"Ì:is aph:.ci,

observed j-rr South Easter¡ Australia in f948 ancl 1950 (Dyce j,95J ;

Jolr¡son 195I, l-951 ), in t-erms c'f the dontinating ;rnci. slztrchronis-ing

infl-uence of the prevail-ingi temperat"ures on alata dispe::sal"

Observations on colonization of leroad beaus (Sections 4.2,

4"3 and 4.4) indicate tha-t ,4. craccivota has a pot-ent-í.al tr.' attait'r

^oest status in South Austra.l-ia. Obserrzatj ons on the iri:[es+.:at-j-on ol-

matu.re broacl beans at Mortloclc (Tab1e 4"É11) a-nrl at Port Cl-inton

(TaÌ-rle 4.82) \Mere made ¿rt- the same time in early November 1976. ?\boi,ti..

68% of the sornpled stem.s were infest-ed at l4or:tl-oc:k a-nd'/e¿ at Pc¡rt, C-l--ìnto¡r"

P::olonged ra.i-ns ancl cool weather up to early Noventber at lt{ori-Iock, haci

rrot only delayed the maturity of broad beans, but a-lso resulted in trir¡ir

aphid populatiorrs on pla,nts probably because of t-he reproductj-on by

alata.e in the parent ancl nearby colonies. Natui:al enemies we:re ¿ri:so

active but seemed to have l-ittle effect on aphid popuiat.ion Ìtuild^r-4r"

The crop at Port Clinton was suffering from moisture s;tress for want

of ra-ins. Many infested stems were free of aphids as ¡r¿rtural enenties

hacì probably exterminated the aphids. The presence of Cead aphicls'

their moulting skins (exuviae) , empty parasite mumniies, J.arval- exuvi¿re

and pupal cases of the predato:rs were indi-ca'tive of the past- prrlsenc(:Ì

of aphids and natural enemies on these stems. Th,ese observations

int-erestingly indicated the int-eractions of conrponents; of weathe::r crcrp

gror,vth and natural enemy activity, on tire bu.i.J-d-tip of A. cracci.vora

populat-ions on broad beans in natural conrlj.tic'rns.

Results on colonization hehaviour of alatae (see Sectlon ,l "2. "2-D)

and their distr-ibutior-r patterns (see Section 4 .2.2-C) provì-c1e utt -i¡¡sir¡ht
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intq¡ the ecol.ogi-carl. siqnj.ficanÇre of col-orrj-satíon in this spelc.res,

The j-i'rter-plant movement by colonÍ.2-'tnc¿ alatae -is cert:ainJy benefjlcial

to t-he establistrment: of new popuìations as it incr.'eases r;he trt>1oniz-i.trg

efficiency of a-latae up to nea.rl,y 82'< (see Section 4 "2.2-D) " Th:is ís;

signifj-cant especial-ly in vierç of observed lower rat:es of infestaÌ-iot-rs

ofbr:oaclbeanplarrtsblrtlrealatae(0.04alata¡:erstem)inthefic]-d

(TaÌ¡Ie 3.9). As tneritio¡-ierf irr Lhe foregoing, it js the nr-lmÌ¡er of

colo¡iies ancl not ti-re pattern ol: col-onj-zatj.on in a fiefCr whir:h dr:t¿::m:Lr-res

t-he orrLpnt, of emíqralt- alatae, hence the impoi:tance of in1--e-r-lJlLaIlt'

movement cf colc¡nizi.ng alatae is er¿ident.

The significance of aggr:egative behaviour clJ: colouizing alatae

(Table 4.3 anci Appendíces )<VITI A and R) is evident from Lhe ef¡iect-s of

initial cc¡lonj-zation densit-ies on th.e r:ates of alata clispersal (see

Secl:ion 2,3"43 and F-i-gr:res 2.31 to 2.36). In a natural situai.ì-on, the

proport-ions of cc¡lonies j-ni-',iatecl by one alata and those j-rrj-tiated Ì:y mo--rel

than one ala¡a, woulcl determine not only the exl-ent of al-ata dispersal

but also the rates of al-ata dì-spersal-

Is .A. ctaccivora a- super-migrant species? several- a.spects

of -it-s biology and behavì-our suggest that i-t is so. studj,es cn

reproductive physj-ol.ogy of- A" craccivora (Elliot ancl McDona.irl 1976)

revealed. a deJ-ayed ovarian development in afatae coil'pared to apterae"

The maximum nunr-ber of oocy+;es and ernbryos, toget-lie:r v¡ith 'the maxirntun

Iengths of terminal ova-rian follj,cles, v/ere observed in nine ciay o.Ld

alatae. The patte::n of fecundity of alatae is also clifferent from that

in apterae " The rate of produc't'ion of n)¡lnphs in alatae reachec' its

maxj,rrrum at 7-IO days ancl afso alaÈae reproduced over a J-onger period

(35 <ìays) than apterae (25 days) on broad bean ,olants in a g-lasshouse
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(El-lj.ot and l\îcDonald l-9'16). These r:esult-s -in associatio¡r r¡rj,th the

results of obliqaLol:y arncl pre-reproductirze migrator:y beh¿rviou:: (s;ee

Section 3.5) inclica-te that Ã " craccivo¡a alabae tnigrate at a stage of:

life histor.,' rvlìen their reproductive values (Dingle I972r 1974) are

maximum wj-th reference to the establishment of the species in a rìe-vn

habítat. l^Ihat this means is thaL Ä. craccivora al.atae are morpholog;Lcal-1y,

physioJ-ogic;rlJ-¡', beharziourall¡¿ arrd ecologically adapt-ed as migran+;s ¡r¡id

any c::iter.ia- ft>r the success of mi.gr:a'tion in this species can, therefo::rr,

be related justifia-bly to the prorlrrction of alatae in its naturai

¡>opulations (cutierrez et aJ-" I9-l 4a) . The significance of the re-sul.'cs of

FJxper:irnents I and II (Seciion 2) is, therefore. evi<lent j,ü undei:s;t-anCj.ng

the migration eco1ogy of A. cracc-ì,vol-a" Tire producti.on of > 85s¿ afaLj-form

progeny, starting within 2-3 generations' time (Section 2) until the hos:l-

plants dr:t-ericlrate, i.s certainl)' an en".pir-ical- evidence of. the super*rligran'l:

nature of this aphid. Further:, Ä. craccivora fits neatJ-y in the

behavioural scheme of mig::ant insects (Kemedy l-96I, L9l 5¡ Dingle Lg'i2,

I974). Even the movement of young apterae, which changes the spati;iì-

pattern of col-onies in a fíe1dr ftây also be regarCe<1 as rniqr:ato.r:y ín'l-he

sense that these a¡:terae defer their reproduction and, by their movetü(int,

ensure the success of estabfishment of a ne$r colony on an u¡.:i.nfested

plarrt (Kennedl' 1961, J-975) .

Does emigration regulate population nr-rmber-s in .A " cr¿cc-ívora

colonies? The consis'tently high ra.tes of a1a1:a production for a

considerable time j.n the life of a colony and +-he fJ-ight- behaviotrr o::

alatae together with the sensitir¡ity of a¡rterae to the interactions c¡f

síze, surface a.rea of host plant and population of a colony, and their

consequent movement away from the plant, establish ernlgraticn as a key

factor in the decline of A. craccivora popul:rtj-on on a p-Liltrt. Ther:e
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is no evj,clerrce of reducecl r-ate of re-produc.'cioir Ìr'y a_¡t';e::ae .in the

cclonies of lI" cracci.vora untj.l. the sl-art of ernigrertic,n (see Figr:i:e

2.L9) arrd redu.cLj-on j-n bi::L-i-r::ate is brought- about b)'apta::ous

em:Lgration "

fn the absence of such an intc:rnal mechan-i-srn fcr popul-atic-rn

decl-ine, the external mortalitl' f actors i. e. , trh}'s j-cal . mi cro- ci.j.nrati c

a:rd bj-otic. may also.olay an important role j-n dr:terrnining aphid nl"-mbers,"

especially on crop plant"s, where the i.tpper sj.ze of a coÌon1z -ìs srna_l-'l "

The exteri:al mcrtali.Ey fact-ors may s.low dorvn the gr-'ovrt-h of nc-:r,riy

establi.sl.red c:olonj-es to such an extent that many col.onies would not rea.c;h

the stage of prod.ucing alatae. This is not impr:ssible in vir:w of the:

activi'¿j.es of naLrrral enemies, which carr exterrì1-in¿lte smal-.I populaÈ3-c:is

(up t-o 50 aphi<ls) on individual- stems or plants (see Secticns i..7,

2.2.3I-D and 4 "2.2-tr) " In other words, the naturaÌ enet.nies; anil

mic::o-crimatic factors woul-d -reduce the rate of survival of :rew and.

juvenile colonies so that fewer co}onies woulC reach the stage of alat:.a

production. As emigrabion has a regulati.ng influence on t-he poprrlat-ic¡¡r:;

of colonies after the start of dispersat by a.latae and apterae, the

ext:Lnction of juvenile colonies cannot bi: attriÌ¡ut-ed bo and. expleírrecl by

the rol-e of ern-igration" The role of external- nort¿rl-itl¡ facto::s in thj.s

respectr therefore, canuot be ignorecl. The effectiveness of natural-

enemies (preda-.ors) in reducing aphicl numbers in natural populationsr cf

species which form snall colonies¡ has been well ciemcnstra.t.ed in the

aphid , Fterocomtrra, populifol-iae F. (Sancl-e¡:s and KnÍght 196S) arrd the ro,:e

aphiC , Macrosiphum z'osae L" (tfael.zer 1977)

Do the host plant characteristícs and initial- coronizaf-í<:n

densities have auy infl-uence on the survival of juvenile colonies of

A" craccivora? On plants rvith -larger carry-ing capaciL.ies ancl suL:face
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areas, eïnigration by apl-.ercre vioulcl be delayecl (scre Fiqr-irer; 2.3'7, 2.3A

a¡rd 2.39) and rlespite t-he ac:tivit-ies of natural enernies airrJ, oth.cr

extei:nal mo::tality factors, the jr-rvenile cofoníes would rear.;h maturity

i.e. , to the stage of produc-ing emig-rant al-atae" similariy, col-on.ie;-;

inilia-tecl by more than cne ai-at.a would also reach matu::it1', di.ls.oib-e

n'.ortality by external rnolr.-.a1ity fa-ctoïs ' more so than 'the t:ol<>iries

initiaLed wi.th one al-ata.

Why cloes A. ctaccivora not at'b-ain pest 1:rur¡ror:tionr; .i rt temper:at-er

Iegume pastures -in South East Austra.!-ia? There are 1--wc a;pects i:o an

ans\,/er of- this qu-estion. Fj-r:stJ-y, i1: is postrrlat:ed that the pasl-ure

plants are not cofonízed extensively by .4. "t'osçj.vrsIa 
ala'[-ar:. The

observed r:ate of prirnary infestation of a b::oad beau crop ir: ear:112 sprÍ-ng

L97-l at Mortl-ock (see Table 3.9) was 0.04 alat¿ì per str:m. Ïr¡ view o.E

the extensive field studies on the influence of spaciug;,rtiC dens-i-til:s

of groundnut plants on the J-a¡ding, settl.ing and colonizaiiorr b¡'

A. craccivora alatae in tlte African continent (iiooker l-963; ê,rBrc¡t¡ir

1964, 1968; Davj_es I9l2¡ Farrell L9'16, 1976a) , it is r:nlj.kely tliat

the rate of primary -infesta*'iorr of temperate J-egume pasture platrLs rrrouici

be equal to or more than the obserr¡ed rate oTì blîoad ]¡eans {Ta-k-¡Ie 3"9).

Secondly, it is also postuÌated that À " craccj.vo::a fail-s t-o atta-in hígh

populatign densities (per unit area) in temperat-.e leg'-1¡e pè)sttr.res. The

physical and micro-clim.rtic factors such as high p-lant densities, high

humidity, low light intensity an<1 lov¿er tetnperatul:es, preval,eirt in t-he

wet ancl, d.ense J-egume pastures would scrïiotlsly slow down the popr-:.lat-.j-on

increase in i¡rdiviclual- colonies (IlYatt and Brow¡r 1977) . l:{atur:al- enemies

woul<] also exterminate smal-l colonies on the pasture plants. ,tìs a r:estilt

many newly establ.ishecl colo¡ries r"¿oul,cl perisir k¡efore reaching the stage

of alata prodr:ction a¡rd euiigration" Further, t-he eai:ly di.spersal b1'
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apterae (see Iligures 2.37 and 2"38) and the consequent sm;;ll ll.IJ1rer: si:¿es

of colonies jn the legume pasLures would also result in reducect

p::oduction oi alatae per unit area" Reduced produciion aii,i emigr:at:i.or--r

of al-atae rvoulcl thus keep the apìrid populations at low l-evels iu tlie

ternpera-te legtmte pastLires " By eai'}y sprj.ng vr,'ren bemperatures are

favourable for populatj-on grorvth and alata dispersal , the plants wour.j-C be

reaching maburil-y and woufd not be suital¡Ie for recolonj-z¿rtion and est.¿'"b.1-íshxreni:

of new colonÌes on a large scal-e.

An examination of the nodel- of .â. ctaccivora poprr1ations in the

ternpera.tu::e legume pastures in South Easte:r:n Ausir:¿riia (Gul:ierrez et aL.

L91 4a), in view of r:esults of the pJreserrt study, indj.cates tha'[ consj.de:ra]rle

improvements can be made j-n the modei by íncorporati.ng gu¿ntitatj.ve

information regarding several aspects of biology an'J bel'lavi.c¡ur of th:Ls

aphid. These aspecÈs would comprise ernpirica:.l dala on the :raÈe of priro.crT

infestation of pasture plants kry the. alatae; cÍ.ispe::sal by a].)LeTaei

recol-onization by apterae and alatae; a realistic relationshi.p betweer-r

the populations of colonies and alata production; role of natur:a1 enem:Les

in the extermination of small colonies; empiri-ca-l data orr rat6.]s of

reprodu-ction and survival of aphids on pa,sl-ure pl.rnts in f-ie.iC cotrcij-tiorrs;

and the effect- of low temperatures on al.al:a dísper:sa,J and, its consequelìÇeÊj

for the population of colonies.

Any futu-.re stu<ly on the populatirrn dyna:nics of .A . craccÍvoïà. r

especially on pla]11--s with small carr¡,-ing capaci.ties such as groundnuts

and temperate legunte pastures, I suggest, rvould be more revealing -tf

'bhe concurrent estimates of the rates of establishrnent and extinction of

juvenile colonies in an area are made. If tlie rates of extinction are:

equal to the rates of est¿ablishment withj-n a gj-.ren period, the aphi-cls
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wôuld be scarce ancl would be extermina't-ed" (--onversellz, if the l:alar¡ce

is in favour of survival of juvenile co.l-onies to maLurity i.e., to the

st-age of alata dispersal , ll . s.raccivora populati.ons woul-d not onj-y

persis+- but attain higher l-evel-s c¡f abundance al-so. Irurf-her stud.ies on

spatial aspects of the dispersive and post-flight behaviou-r: of alatae

in ihe field, uncler varyíng weather condi,tions, are necessary for a ful-l-er

understanding of the role of prevailing weather on the buii-d-r.ip of lccal

populations "

V,lhat is the a-daptive significance of inigration i-n its 'Lr:1.-al-.ii:y,

in the l:r'-fe hi.story of Ä. craccivcra? This quest.ioir can be answer:e<ì

j-n the context of the stability of Èhe habitat (Southrvocd 1962, I97lt;

Soutirwood et aL. 1974) on one hand., and the spread of risk of extinction

ín both time ano space (den Boer 196E; Taylor 1975) on the ot-he::.

The discontinuity of host plan'ts in both time and space' demancls; a

continuor.rs migratory activity, so that the survival- end tlie persi,steince

of populations on a regional- basis is achj-eved (Vüay 1973; Roff 197"î, I97lt).

As Taylor (1977) suggests, population changes in aph.id nu;nbers on a regional

basis may be better u¡rderstood if spatial aspects of population dynamj-cs

are also taken into account. Migration in insects has been regardecl as

servíng the same functions as diapause (Southrvood 1-962; Dj-nc¡le 1968), since

both these adaptations allow the escape of an insect populatioir from

extinction in space and time respectively. In Á. craccivora anC possihly

in cther migratcry aphids, such as A. fabae and. L[gsuz persicae' I suggest

that temporal survival is achieved by a chanqre of spatial pattern thro'rgl¡

migration.

The usefufness of the rconcept of colony' in understa.nding the
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abundance and 1-he causes of chanqes in the uurnbers in /i" ctacci.\to:ta

popglations, is, therefore, evident from the present stud-y. I suggest

1-hat ijris approach wou.ld be equaJ-ly applicable to tl're siuclies of: oLlle:r:

herÌ:aceous apiri<ls which form small and disc::'ete colonies on their

host plants, and those which survir¡e at Lorv ler¡el-s of aÌ-'un<1ance. The

stu,lies on the causes of changes in nu¡nbers of rose aphicls (lolacrosì.pl::l.rn

rc>sae L.) which form small coloni.es on rose buds (< 500 aphids per

bu..J; Maelzer 7.971) aud studies or-r t-he natural regul-at.i.on c.rf Pterocotnrnt

popuJifoljae F. on the big tooth aspen (Sanclers ancl Knighl- 19€,8) are cxarnpJ.es

of Èhis approach.

The objeclives of ecological- resear:ch are ecol<¡gica1 unclerstandiiiq

and practical utility (cilbert, et aL" 19'76). f think the present st-rrd1r

has achieved 'these objectives. I conclucle tl:aL A" craccivoz'a i.s nût

a<lapted to rca-ch Pest propoïti-ons in rate le 1'-rìres in llc.¡u r'.li

Eastern Australra.
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r.0

1.. t
"l 2

A:rtennae 4- segntentr,:d

Antennae 5-segmentecl

Antennae 6*segment.ed

A key for the identi.fication of nyrçhal- instars of itpi'r-,is

craccivora íror e,coi-oçlical studies '

First instar

Third antennal
fourth segmênt

2"O

5.0

3"0

2.L Third antennal segtnr:nt > l'5 Lines (rip to t'8 times)
3"1longe:: than the foutr:th segrlent

3"0 l,üidth of caucia > Leriqth and clistal end not pointed second instar

3.1 Thir:d antennal seg;ment imperfectly divided, cauda
trianguiar, width of cauda- equal to length and <list.al
end pointecl 4. rl

2.4 segnent 1.2 to I.5 times louger than the

4.O Body r:ectangular sha¡:ed v¡ith well developed mescthor¿rcj-

shoulder:s. bocJy r^ri.clth a+- mesothore'x moLe than the wjd-th

the head, an'bett¡la-e nlay appear six segrmented

4.L Bod.y oval shaped, mesothoracic shoulders absent' wiclLh

of rneso and metathorax in confirmi-ty with the width of
the head and the width of first abdorninal segment " "

5.0 Cauda characterist-icaIly weclge shaped, length of cauda >

width, antennal segments 3, 4 arrd 5 nearly equal' arrtennae

and hind legs slender and longer

5.1. lVell developed overlapping wing buds on lateral- sides c¡f

meso and metathorax

5.2 V'fing buds absent, body oval shaped

c
of

Third insta-¿ aiaLa'

Third ins bar aPtei:a

5.1

Fourth instar alata

Four:th ins Lar aPte-:ra



Appendix.TI: Progress c¡f infesÈations of Aphis ctacci-vata on broad t¡ean seecLl-'lngrs.

**
Age of
coJ-ony
in <1ays

Pl-ant
number

Shoot-
M/A*

Shoot length
in cm

Shoot length
rvith aphi.ds

(cm)

Total No.
of leaves

Leaves with
aphicls

F/O+

l{urnber ol:
aphi<1s

L2
?

0

1

0
o

9
0

l1¡
0

2T!
2F
0

2L
3

3

I
2
1

I
2
2.

2

B

I

0
0
0

0
0
0
0

0
0

M

A
A

!i
A
A
A

M

A

I

2

6

2E
0
0
o

26.5
2-5
3.0
2.5

203
r.5

f1+2Í',
0
0
o

27
4.5
2.5
2.5

3l¡
0
0

28.5
1C

3.0

4.5
2"5
2.5

9
4

2

9
I
I
B

3
1
J-

1

0
0
O

0

0
0
0

0
0
0
0

M

A
A
A

Mr

A
A

M

A
A
A

I

2

3

IO
0
rJ

0

i-9
0

19
0

0
0

)Í|
()

o
0

24

2.0

0
0

1I¡
0
0

J -'.

0
0
0

L9
0
0

2P
0
o

I
2

2

I
3
)
2

I
2

2

0
o
0

0
o
0
0

0
0
0

27
3

M

A
A

M

A
A
A

M

A
À

1

2

3

L2

2

0
0
0

t.26
3.5
3.5
2.5

5
5

3.5
2.5

5

24

60
I
0

').4

0
0
0

2F+1-0
0
0
0

97
0
0

0

2r
1F
o

25"5
3"5
2.O

IO
3

2

0
0
0

0
o
0
0

C)

0
0

0

M

A
A

M

A
A
A

M

A
A
A

t

2

3

I5

2F+2
0
0

0

10

3
3

10
5
5

4

27
4.O
3.5
2-5

25
6.5
7.O
3.0

-0



Appenclix LT: (continued)

åä" or
colony
in days

Pl-ant
nurnber

Shoot length
in cm

Shoot length
with aphids

(cm)

Tota1 No.
of leaves

¡,e¿'¿r¡5 çiLlt
aph.iQ¡;
î/o'

Numl¡er of
a.phj ds

Shoot
vr/A*

88
tl
0
U

3:JF
0
0
o

394
0
o

1
1
0

11
4'4
I

0
o
0
0

0
o
o

o
0
o
0

30
E

6.5

M

A
A
A

M

A
A

M

A
¡r
A

I

1t
5
5

IO
5
5
4

31
10

7
3

l8

2F+I-0
0
0

2F
1--0
r-0
0

3 + 4 Yr*'*'

5
0

31
6.5
f'r .5
5

2

3
I{
M

2L

30. 5
I
8.5
I

M

A
A

M

A
A

M

A
A
A

I

2

3

26.5
L4
1I
33
1G

L4

0
0
0

1. .5
0
o

0
0
0
o

3L4
0
O

4BII1
6
6

11
7
6

I2
5
5
5

2F-r2-O
0
0

2r'+4-O
0
2F

2F+I-0
o
U

0

36

0
,)

l

0
0
0

24 Irl

A
A
A

M

A
A

M

A
A

1

2

3

31. 5
2T
l5
15

858
5Z
40
75

6I¡,
72tI

z|:)

5
0
o
I

5 I2 I F "t- 1-0
I
6
5

11
6
6

1I
5
6

4.5
1.5
o

4
o
0

28
i3
12

27 .5
I3
13.5

2F
2F
1F5

2E
2r'

2F+2-O

1F+4-0
0
0

1q?
0
o

1375
0
O

n

573
0
U

0

37
T4
15

9

31
t5
l0

7

27
T2
11

2-O

1F+1-0
o
0
0

2F+l-0

2.F-t13
6
6
5

7

5
5

11
6
4

6
0
o
0

0
0
0
0

M

A
A
A

!1

A
A
A

M

A
À

I

2

3

27
0
0
C

T2

2E
2t

6.5
0
0

f32 5

156
2,44



Appendix I1 : (c:ontinuerl)

Åå. "rcolony
írr days

Plant
nrrmber

Shoot length
in cm

Shoot ïength
with aphids

(cm)

To t¿rl. lJo.
of leaves

Leaves wi-th
aphids

F io'
Ntrraber: of

aphidg
Shoot-

\uÍ/A*

676
650
610

til86
5lo
c.))

B5

51!l + :r_ij i.r

-1-lJ
t-0
I-0

l-F+
2!'+
2t!+
I !- -t-

zl+
2F+
1F
3F
0
211
0

L2
6
5

L2
7

6
t.

T4
U

7
o

M

A
A

M

A
A
A

M

A
A
A

I

2

3

7

z
J

7

4

I
t
0
0
0

25
I0.5
9.5

30

2^O
3-0
I*0

31
L7
15

2

32
20
16
13

JM
5 .t- :i .!r

U

32.5
24

2.i I a.

6:l I
203
I4.6
12(¡

-0L¡'+10
2rl
2E
2E
2,8

l1
t0

tl
3

3

atr
6
0
0
0

19
7
7

M

A
A
A
A

M

A
À
A

2

33 I

F -r- 4'-0 -Lù,1 ¿

ZWt,

!97
i_.10

F
F'

F

I
2
I

I

1:l
10

7
c.

9
1

')

o

5
35
24
I6
I3

32
23
20
L7
I4

32
23
23

2

32
20
22
13

2i09
l.'2,14

802
E?
Ji)

1035
6t'15

664
?,63
398

r" 12-01.r
2v
2t-
2F

00".2r'+i
2i{
2!'
2t-
2r:

11-02F +
2î
2F
2P

I3
9
I
2

5

T4
6
4
0

1

7

7
0
0

10
4
0

M

A
A
A

M

A
A
A
A

M

A
A
A

I

2

3

39

2.87 3

565
4L9
32.2

L2
9
s
6
6

I3
I
9
çt

T4

45

1B
9
5
0

M

A
A

M

A
A
A

1

2

32
2I
L7

I2
9
7

I
6
0

lr-L
2E +
2F
2F +
1!'+
2F
2F

7-0
2-O

10-0
6*0

i34J-
t4B3

891

1700
9rJ6
195
l_59

3I
32
18
23

L2
L2

7
i_0



Appendi.x II: (continued)

Age of
colony
in clays

Pfant
number

Shoot
1Ã/A*

Shoot length
in cms

Shoo'b J-ength
with aphids

( cni)

Tc¡tal No "

of .l-eaves

Leaves r.¡i-th
aphids

F /9+'

NrunÌ¡rlr: of
aphíc1s

45 3 2A
l6
T4
t6

M

A
A
A

')t
l_1

9
1I

L2
9
7

I

1F+
2\- )-

i¡'+-
2I1-F

t]- 0
7-0
6-0
6-0

I:]/48
75C
Ë¡69

840

E1 M

A
A

M

A
A
A

M

A
A
A
A

I

2

3

38
3I
22

32
2I
I5
11

29
2A
30
20
t3

T7
13
l-0

4L6.1
'l82
4,IL

1319
44L
61.2

18C

-01F{-9
2F
2 'Í!

L4
0
0

9D+
3D+
3D+
4D-r-

24
74
13
t0

I2
()

6
6

11
13
L2
IO

5

3-0
3-0
3-0
2-"O

4 D -r- 7-0
4 D -r- 9-0
8-0

IJ

11

1f:AC)

239?.
l_6-ì6

640
839

10
9
9

2F
2T'

60 M

A
A
A

M

A
A
A

M

A
A

I 26
22
15

7

20
I8
IO

4

IO
9

6
6

8D
2D
4D
3D

+ 2*0
-{- 7-O
+ 2-O
+ 3-0

2 D + lcl*O
11-0
1i-o
6-C

15-0
1_1-0
1t-0

4?,2
28O9

303
l.4cr

A',t56
1450
2675
729

1247
3880
L-40C)

2

3

31
30
28
15

40
26
25

25
I6
I2

6

T2
1I
l1

6

37
26
25

15
I1
11

*

+

M

A

F
o

M

Age of

Main Shoot
Axillary Basal Shoot

Folded Top Leaves of Crown
Opened Leaves

Mummified Àphids

Plants at Coloni-zati-on = 18

***
*r( days

D Dried Leaves



Appenclix f .1".I'¡ Äge-.strircture j.n tTre experitnrntal colonie*e of ltpjtl-s c:racciv<>:,:,',.

on bi:oacl bea¡r seecìlincis '- 1971 .

Age of
colony
in da-ys

P]-ant
Nc"

Shcrot
M/A*

,'a Nymph:;
counted

Nr,imber of aphids per ínstar alìd ntorph

T T.I ÏIT TTJ fV ÏV
Apt Ar. ^n. 

;i A¡rt Al
Tot;i1

fl
c'.

4

.L

1
I

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
o
o

5
3

100
I00
100

T1

l)'1

M

l_

)
3

3

11

3

9

0
I
1"

I

0
0

0
0

0
o

0
0

0
0

0
0

0
U

U

0

4
0

o
I

3

t
a

3

5
I
-ì

4

100

lo0
I00

!1

"A

M

M

16

.>

I00
1.00
1.00

1.4

L9
l9

I
1

1

0
0
0

0
0
0

6
2,

tf

0
0
o

I
2
4

4
I
7

2

6
4

M

M

Ivl

T
2

3

10

20
1't

.L9

1
l.
l_

2.

5
0

0
0
0

5
5
5

1
2

3

o
ñ

0

4
1

4

4
3

4

4
9
5

M

I\1

i{

I00
100
100

L2

60I
Q

I
l-

6
0

¿

6

0
0

0
U

5

0

7
9

U

0

0
0

6
0

5
Y

8
0

5
L2.

lvl

Ir

lvl

M

I 100 34
I

L4
60

I5
I

3,,i

ti
100
100

)
J

1B I
2

3

M

M

M

A
A

100
100

l-00

222
185

23
28

I
I

1I,4* *
0
0

388
394

I10
l_39

t0
10

19
2.L',!

3
il.

O

0

o
o
o

0
0
ô

0
0
o

0
0
0

0
0
0

1
o
U

2-t-3M '1

I
l.

1M

1¡,I

2L l.
2

3

M

M

M

I00
IOC
100

13e;
2L5
L2L

It6
306
116

6
45
43

36
165

47

4
25
L7

314
B4B
361

L4
34
L1

2

58
a

0
0
I

24:1

0
0
0

IO
0
0
0

24

255
0
0

27
0
0

1

2

M

A
A
/\

M

A
A

100
100
100
1OO

100
r00
r00

6J-4
124

26

455
30
3l
70

297 295

263
115

23

7

0
o
0

IB
0
0

t0 9
0
o
0

39
0
0

o
I
0

33
z
3

T2
I
3

1* ** 858
o32
040
L15

M

230

133

l-71

128 959172719 I 3933 100



Af¡pendix .tTI: (canti.nuecl)

Ac¡e of,
colony
in days

P.l-ant
No"

Shoot
M/A*

% Nymphs
corrnted

Number o:1.

ITI
apl'rids-: pe:: ins.tar ar-'.cl rirorph

IV ÌV
Apt Al Apt AI

TotaITTT IIf
Apt ¡-\1

27

o

0
0

M

M

M

A
A

I
)

3

I00
I00

I00
100
100

4L3 390
T2L I22

259
14s
.)') É

406 223

2B
L7

66
L4

14
32

225
L29

L77
1,3 3

2
q.

10
0
0

238
0
t)

l-375
573

4.0

0

0

242
0
0

'.)Q

1l
_l_9

825
156
2.4,7

30

165
0
4

M

A
A

M

A
A
À

M

A
A

I

2

3

100
101)

I00

10o
100
100
i00
100

25r
193
243

506
L42
L6?.

75

483
B6

:La4

0

0
9

I6
2

IO
34

0

3
210
t_50

99
113
ll0

0

zat t:)

46
44

163
114

q2

1

2/+
nr

B

6"i6
6!t0
610

13i16
5ru
1r)

85

37
.167
L2'l

12IJ

I3
20

55
I2
10

29
0
0

94
0
0
I

2.2

0
1

70
o
o

1

2L
34

0

l:ii!i
1M

¿Nt

54+'Ì4
0
0

4A
0
0

73
0
0

I3
0
0

5 1A

l

J<)

45
5

4
7

M

A
A
A
À

M

A
A
A

2

100
I00
r00
100
100

100
I00
100
l-00

654
409

72
46
B8

58',7

tf4
45
44
,o

244 322

r 444
315
r 23
I 27.

00
34 328

190

I 507
r32
Ê trî
J J4

6iB
0c

12 5I2 6i
1i
t6
1.2

23-i4
62L
203
146
I26

Lto32.

?.02

L91
140

]4 2-

2

0
0
2

19
I
I
2

33 1.

t

r80
l-26

27020231416

39 I T4

A
A
A

M

A
A
A
A

M

A
A
A

2

3

50
50

1.00
100

50
100
1C0
I00
100

50
100
100
100

206
22L
307

L7

L27
178
220

77
L26

297
I75
r71
L64

191-
L92
252

97
r95
L91

90
95

403
200
108

88

153
124
I26
I6

10
I3
T7

a

0
')1

')1

0
8

364
I5
49

4

TBB
31
49

2
47

300
3i
43

?

44
46
1A

29
21.

28
B

30

59
3:l
29
L4

2TL
16
1B

2

)?)
t5

(t

11

21.o9
1-234

Q/ì1

53

l-03 5

605
6611

263
398

2973
565
4L9
322

3
2L

9
3

4
24
L4
11.

10

36
!32
126

75
80

7 2aO
480
543
827

102
-)

9
O

2

4
27
L2

3



Appenclix III: (ccsnt.inued)

.trge of
colony
in days

Pl.anl:
hlo.

Shoot
M/þ,*

%. Nymphs
coun b.ed

Nr::nber of aphicls per instar and mcrph

r rr rrr rrr rv Ïv Ap" AlApt Al AP L Al.
Tota-l

45 I

z

69
4
c)

4

3

M

A
A

M

A
A
A

M

A
A
A

50
50

100

50
50

100
100

50
50

100
I00

L9l
198
230

168
L94
220

20o
I2L

50
4B

L24
L'l
45
4t

L2l
r39
t1?

1 106
3 144
I 204

134.i
14B3

891

l_700
986
195
l5e

t 348
'/50
669
340

¿la

a
J

l1

1C¡

2tì
3B

68
93
62

t09
74
2B
32

I6
.)

30
3

B
'ì

3C

1.C

¿.\.)

2,1

4
a)

209
59
t'l
I5

7 io5
366
697
c 100

223
L52

24
?8

l, 232
2 240
1- 426
2 445

1.30
'.L47

L2
I'7

_7 249
.r" 85
086
c' ?.¿.8

52 52
95
34

21.

.3

0

M

A
A

M

A
A
A

M

A
A
A
A

I

2

3

50
100
100

100
100
100
100

50
50
50

100
100

563
20I
209

L43
r49
135
225
113

447
r93
6I

I1B
53
B6
L7

191
183
I48
1-37
r23

306
33
1t

r89
L94

B1
37

180

'75

_1.3,0

4).

18
6

10
5

154
TL7
114

47
18

418
39

2

565
166
aaEzzJ

66

401
36tl
160

75
3I0

1 4"7

47
40

69
40

707
53
27

295
.]q

43

4.BT

63
c)U

56

254
1 r\,
109

40
62

4!64
182.
44L

139_1
lI4.-r.

ú-t_¿

180

2549
?,.i92
l_6-ì €,

640
83îJ

r0l
1.31
186

27

L2
.)

L:¿

4

75
18
1n

5

35
64
72.

26
6

60 11
B6
l-0

7

M

A
A
A

M

A
A
A

M

A
A

1

2

3

r00
100
I00
100

50
I00

50
100

95
1.427

115
L7

LI2I
34'7
170
249

1319
596
95r

34
7L8

25
L4

434
264
133
13I

731
284
370

l_2

7C
1

I
56
4i
22
20

303
88

1 l-3

323
:49
239
LO2

184
195
175

l_3 169
38 I25'/ 9r
279

1't
74
6t
I5

775
329
56?
163

ti3
JI

24

4L2
484
259

14I
334

40

.1-3

241
t95
249

jr)

t0el.
t'l;6
531

482
?809

-) (.i -)

14c

41 5ro

-145a)

2.67 5
'i29

"¡?.4"1

:e880
44t6

-,

11
c
0

IJ2
56
9I

LJI

45
42
13

50
50
50

*

**

M

A

M

Main Shoot
Æ<illary Basal Shoot

Mummifie<1 Aphids

*'ìÌ* Tene::a1 Alata.



Aqpend.ix IV: Experi-mental co_l_on_ies of -A¡;.h-is czaccivor.: on broa<l beans
with stallle-instar distrj.butio¡rs and te¡;t-s of r,'foorlness of
fit to a geontetrj-c pr:ogression ^ L9"77 .

Age of
colony
iri days

P1ant
No.

o/nt'
Nu¡nber of nymphs itr instars

T TI TII
),

2**xl ¿. r.u

4
3.7

I
L.4

4
4.6
2

2.4

6
5.7

4
4.2

o
E

o
E

I

2

6
L.25 0" I o. 1,183

I" 75 0. 57I O "2J'¡8

I
1.9

4
2.3

I
5.1

2
2.8

0
E

0
E

0
E

I

2

3

10
L.20 0.833 1.gtt

1.40 O.7ltt 2.630

r.00 :1. 00 1. 20

z
3.7

6
7"2

4
5

4
55

4
3.8

7

6.5

4
4.3

4
4

9
8.9

0
E

0
E

0
E

I

2

3

5
4.9

4
4

12
1.12s 0.889 0.0335

L-167 0.85'i 0. 929-i

I"0 I.C U.U

5
7.6

4

I5 I

2

0
E

0
E

6
3"6

35
34 2

I
1I

5
7

2 3.07 0" 326 2.5329

1. 90 O.52€, i. C)65
L4
13. 3

5
3. t

2L 3 0
E

L2I
1.2.4 .6

116
108. 3

90
94 1 1.151 0" 8692 0.8301

24 I 0
E

297
303. 7

295
281. t

253
260.2 1.08 O.9257 J..0344

27 I 0
E

12I
LI7.2

L22
L29.3

L46
I42 "5 o . 907 L.LO29 0. 621.3

33 I 0
E

l-269
lL27L.5

819
8I2.4

515
519"1 r. 565 0.6389 0 " 0909

52 0
E

0
E

0
E

I

2

3

15 36
1530. 2

Ir48
:t-161..4

274
2()g .6

1304
1331.6

889
881. 4

158
16t. 4

151.9
1505.9

445
447

1" 3tB O.75E9 A"242L

I -e,64 0. 6008 0 . 189I

o. BB4 I . 131 0.8671-
LLg2
rL17 .4

Non siqnificant
o

*O=
L

** u2 < 3.g4 ="1 d.f" p=Observed
Expected c5



Appendix V: Nu¡nber of alatae of Aphis cracc.ívora which dispersecl from
singJ-e-caged colonies ou broad Jreans - 1977 

"

llat-e
Age of
colony
in c3.ays

Nurnlcer of alatae col.l.ected and r:exroved from

Cage 2 Cage 3 Cage 5 Cage 7 Cage 16 Cagc,r 20

25 May L977
26
2n
29
31

10
L2
t5
L7
2L
2.3

30

21
2A
30
31
33

34
35
36
37
38
39
40
4T
42
43
45
48
50
54
56
63

44
1I
54
93
74
62
50
31
80
47

L22
420
433
raaJJZ

496
11I6

15
24
rro

36
l29

38
42

130
L84
L32.
L42
138

88
l-64
105
364
698
664
434
593
573

90D

0
l_5

55
L4
B3

30
22
80
52
3l
14
66
52
6fJ
68

159
)))
155
259
3t2
665

53i
442
313

74D

19
L2,

50
67
z4
49
43
2B
42
24
9t

I62
135
2.49
306
664

409
458
375
t¡.R.

l.r
1.9

3rJ

39
34
3B
¿tu

2.O

47
3l-
34

l-t19
l"rI
1.03*
N.R.
l'¡. R..

0
3
o

4
29

0
4
I
3

40

0
0
2

3
)'¿,

1_1

2,5

i1-
I

96

l_i
2.
)J
4
5
6
a

I
9

Llne

I 300
598
5l-4
40¿

4B
20
86

1J.4
'¡5

11ü
92
(-?

Li]T
57
a)

44{.
)q')

484
42,O

I104*

L271-
8EB
iJLIO

vJUI4
7

9
L2

67
70
72
75

86I'k
650
523
N.R.

N

*

D

R

Parasite mummies seen in co]onies.
Death of host plant-.

Aphíds not- removed.



Appendix VI. Number of apterere of Ápllis c¡:accivora which disper:sed f:ront
single-caged coi,:;iries on brcad heans * 1-977 .

Dab.e
Age of
colony
in days

Nunrjcer of apterae coll ected ¿rnd reni,:ved fr:om

Cage 2 Cage 3 Cage 5 Cage 7 Cage 16 Cage 20

28 }4a.y L977
29
3t
, I Ju.-.l.e

2-

3

5
6
7

I
9

1O

L2
15
I7
2I
23
1lfl

4 .fu
7
9

L2

30
31
33

34
35
36
3t
38
39
40
4L
42
43
45
4B
50
54
56
63

67
70
72
75

0
T7

4

8*
5

11
N.R"

0
87

5

0
0

10
25
l0

7
'7

9
2

4
0
4
3
.)

20
I

lCD

0
19
I

4
c
,L

1232L
J-4
18
.RN

l_3
1'7

3

2
l0

B

0
3

2

0
-1

0

-l

0
I
I
3
2

0
I
2
2
0
5
6
0

0
I
I
I
I
5
2
4
I
2
t
a

o
10
27
38

T

0
I
1
0
0
I
t
0
2.

¿

0
5*

Nl .R-
N.R.

0
l-
L

I
1

0
0
0
l-

O

)
J

1
21.

26
2T

J

2

l_

rì

0
I

0
0
0
I
.L

li
¿t

l-J

vI 25
9

I4
N" R.

t4
9
3

30

.¿-¿t"

46
i.8
45Ð

*

D

N.R.

Parasite mummies seen i¡: colonies.

Death of host plant.
Àphíds not removed.



Appendix rlII: *Nunuber of alata_e of llph-is araccj-vor¡¿ which dj-sperse<l
from di-fíerent sj-zed coloTÌies on lucetne trled'icagc
sa.ti.va cu-lf-i.var ¡liunter ]liver:' ' Ic)18-

Date
Äge of
colony
in days

Initi.al colonisaticn clens-ì-t-y (¿rl"ataez/platr-c)

124

27 June -]-978

30

3 JuIy
7

9

11

13

16

20

29

42.

45

48

52

54

56

troJO

6t
65

74

0

0

2

4

0

0

0

4

6

0

).

4

2

o

3

a

5

7

t

I
3

3

t
2

0

0

IO

4

5

* Nr¡¡rÏ¡er per 4 plants "



Appendix VITL: *Number of ;rp't-erae of liphi s cvaccj,vora v¿hj-ch d j-;:rF(?r-'sed

fronr <1-iffouÈrrt sized colonies c'rI ltlceîne l''t:di-caç¡c

s¿,tt.i.va cul- L:ivar: t Ílunter Ri-ver t - -l-978 .

Date
Age of
colony
in days

rn i ti. a I co loni s a1:i,on c1r:n s i ty ( a'lal: ae/p la-n.'Ì: )

L24

27 June 1978

30

3 JuIy
1

9

i1
l3
16

20

29

lt2.

45

48

52

54

56

5B

61.

65

74

i
-L

3

0

3

0

I

1¿

5

3

t.

ü

c

0

2

o

3

3

2

z

3

I

3

z

3

0

2.

4

0

0

* Number per 4 platrts.



Apr,tendix IX: *'Nrunber <.:f alatae of zlpJlis cta.ccivara which clispersed
from <iifferent si-zed colcrnis on corÌlmol1 burr itredic
Ir.edica-go poJgrn<>rpha var. vuTgar)s - 1978.

Date
Age of
colony
in clays

Initial colonisatiori density (a],atae..z'p-1-eurt)

4 I2I

27 June L978
30

3 Jul
a

9
1I
13
I6
20
25
29
3I

J-0 August
15
L7
25
2B
30

42
45

I4
46

v 48
52
54
56
Í:o

61
65
70
14
16

86
91
93

10r
1.O4

r06

{t4

62
38
34
78

165
42'a
438

79
2)-9

4L2-LTt
It0-2D
328
618
323
158

40
5l

65
81
47
40
69

204
64',7

606
202
189

4I4-3D
525
686
645
l_85-4D

186
2C5

156
255
1.56
I66,
L44
301
42L
203-3D

82
i63

8-4D

306
2Ll.

2.O6

263
lB8
15:¿

206
4le
66r
105-2D
4L3
2:ì2-3D

6-4n

* Number,/y>Iant.

D = Death of host plant.



AÐt¡endix X: *Number of ¿rlatae of. Aphis; craccivota which dispersed frorri
differerrt sized cof<¡1ies on su-bt.erraneaÌ.r clover , Trifoj.iutti
süb teîrane,tÌn cu.lti-var 'Clare t - 1978.

Date
Age of
col-ony
in days

Initial- colotlisation densitY

L24

(al-atae/pl-ant)

B**

27 Jur¡e 1.978
30

I3
.1.6

20
25
29
3I

1.0 August
I5
L7
25
28
30

4
42

5

48
52
r^

56
58
61
65
70
74
76

B6
9I
93

101
I04
106

4
8
5
3-P
4

85
86
1B

123

263
11_t
244
497
220-ID
203

6
I6

25
4s
25
27
33

l_3 7
2tL
199

60
250

425-LÐ
237
I62
100-4n

36
55
4B
36
43

138
23lt
1.26-T.D

25-3D
288

223
il5

50-4t)

135
1 21.

105
1()1

85
41
JÕ

1.6 3

334
73-ID

229
L44

36'L.-2L1

4
3

16
32

?

7
9

II

Ju"L J

L4

*

**.

Numlrerr/plant"

2 pJ-ants only.

= Death of host plant.

= Parasitized aphicis seetì"

D

P



AppenCix Æ . *Number of alatae of .A.o,hi*. craccivora wh-ich clispersed.
from different sized col,onies r:n broad bean V.ic:-ía f.aL¡a
(L" ) rCultu:re 127' - 1978.

D¿rte
Age of
colony
in <lays

rnitial colon-isation density

t24

(aIaÈ;l e7þ)-ant-)

B

27 J'¡¡e. 1978
30

l0 August
15
17
25
zt)
30

42
45 _15

57
L40

70
'72

6

I5
L7
29
I7

6
20
79-P
7L
27
89

330
247
334
311-ID
220-2D
T22^3D

a')
I50
I28
t25
I41
256
781
734
2L9-2D
609

II9_4D

79
111

57
49
¡)¿

'142

375
333
L40
526

L9tt2-2.D
775
320-4D

t.I0
195

, arö

229
L96-i>
L2L
181
245
9I0
I t:r
L72-'11)
530

724.-3D
886
257-41)

3

7
9

tl
13
t6
20
1tr

29
3t

Julv 4B
52
54
56
58
61
65
70
74
t6

86
91
93

101
IO4
106

* Number/plant

D = Death of trost plant
P = Parasitized aph:'-ds seen.



Appendix XII. *Number of apLer:ae of Aphis craac-í.vora which dís;rersed
from differerlt sized colonies orÌ collunon burr mecl:Lc

Medicago ¡tolgnorpha var. vu.Lgari.s - 1978.

flate
Age of
co,lony
Ín days

Ini+-i-aI colonisation density

124

(a"1atae,/pl ant)

I

27 ,fune 1978
30

I0 August
I5
L7
25
28
30

42
45

42
L7

12
I06

33
3-1

L4
22
3T
6B
3I
4L

I46..ID
50-2D
22

276
98

154

90
5

32
124
95
6B
74
40
45
52
33
90

110-3D
52
38

205
78-4D

12
34
4A
26
28
52

133
76-3Ð
44
6C

o-4D

l_78
ll_1

64
ÂÈ

3?
't t:

5:l
126
L36-2D

84
36C"-3n

o-4D

5
6

37vJuI3

7

I
11
I3
16
20
25
29
3i

48
52
54
56
58
61
65
70
74
t6

Ae'

9t
93

101
I04
I06

*

D

Number,/4 plants.

= Deat-h of ]rost plants "



Appendix X rf'I : *Nu¡nlrer of apterae of ,r1p.hi s craccivora which ciispers;erd
from di-fferent sized. colon-ies on srùrterraneatì clovel
TrifoJ-ium Subterra-neum cultivar 'C-l.aret - L978.

Date
Age of
colony
in days

rniti.at colonisation density

I

(alatae/pìar"rL)

$frrt4)

27 June 1978
30

10 August
15
I7
25
28
30

42
45

0
)

L4

292-Lt)
160
L97

:-oo

39
IO 2Ç¡

I

52
a4
38
24
5l
6B
B2
30-lt)
2,O-.iD
40

50
a2
48
31
92

109
9'5
66-LL)
41.
45

3L-2t)
o

2

10
L4

5
3

I
6l
'oL
45
55

I60

A

4
3

4-',P
(t

9

,Jul-y3
'7

9
1I
13
16
20
25
29
31

48
52
54
56
58
6l
65
70
74
76

86
9t
93

10r
IO4
r06

29
25

5
4L

2l
24
30

208
53-ID

242

1ë,

ttB
46-4D

0

**
Nunlcer/4 or 2 plarrts.
2 plants on1y.

= Death of host plant.
= Parasi-tized aphic]s seen.

D

P



Apae¡tdix XIV. *Number of apte::ae of- Aphis craccivo¿'a tvhìch c1i.sp::::se<1

from differ:erit sized colonies on broacl beart lÆc,-l.'i i:ab.r
(L.) 'Culture I27' - 1978.

Da'te
Age of
colony
in days

Initia-t colonisaÈi-on densiÈy

124

(a1 aLaelnl.¿rr:t-.)

I

27 June -1978
30

3 July
7

9
l1
13
l6
20
25
29
3I

l0 August
I5
L7
25
28
30

42
45

IO
4

I
a

Ê
J

5
2
')

48
52
54
56
58
6I
65
70
74
76

86
91
93

101
r04
I06

0
0
o
1
O

3
B-P
2
'7

30

l-26
50
46

378-lD
54-2D
25-3D

5
4
3

4
5

89
24l.
680
326-2D
236

58-4D

3
2

4
5

1O;
258
222
503

7.A72-2n
46
22-4t)

9
1

10*P
9

T2
56

420
5{t.ì.
223'lt t

336

2 iic- -?,D

f .i)

23-'4t)

*

D

P

Number/4 plants.

= Death of host pJ-ant.

= Parasitized ,aphicls seen"



Appendix XV-A. Colonizatíon of broad bean stems in the experi.mental
plots by åphis craccivora at l4ortlc-.¡ck 1975-76"

Plot I** Ëlot f.L**

Dal:e
Preceding
int-erva1
in days

No. of stems
with aphidsJ-

No. of No. of sterus
alatae wiLh aph-ids-l-

10
5

L2
16

z
6

0
5

(;

3

5
1I
31

0
4
5

o
3
o

0
0
0

0
o
0

0
0
0
l_

1

2

1
1.

0

0

4
3

T4
2.

11
L4

49
.)

12
B

L2
34

4

3
5
3

9
2

2

2
2
3
2

5

6
8

5
J

4

2

3

3

7
I
6
6

34
0

11.
l

10
4

9
I

1I
'/

7
7
7
9

8
1B

7

T

7

6

15
6
7

I5
7
7
7
7

L4
7

14
7

L4

9

L9766,
13
19

3tr
9

16

Sept 19, L975
23

Dec 5
23*
30

Jan

Feb

Apr 13
20

l,lay tLtc

I1
25

June 3

3
2,7

5

4
0
¿

0
0
0

0
1.

I
)
J

(t

6

5
3

1

0

2
J

0

0
0
0

0
I
I
0
2
4

o
0

2

1

0
3
0

o

*
**.

New Planti.ng
Plot síze=3x3m.

+ Alataer/aPteraer/n}'mPhs
Totat plan'bs 49/pIot,



App<tndix- XV-Ù. Co-l-onization of l¡i:oad beart stems in 'Ll-re experirnen.l:ari
plots by liph-is cracci.vora al }lort.lock 1,976-'17"

Plc¡t I Plot IT

Date
Preceding
inter:vaI
in days

No. of
alatae

No. of stenis
with aphidsr-

No" of
alatae

No. r:f stç-:rns
J.

wi.tJ-r a¡.rir-i-ds'

Oct 13, L976
¿o

Norz 3

lg*
24

Dec 13
23

I"Iay 5, I9l7
T4
2I
30

13

I
I5

6

15
105

262
27
25

l4
5I
92

L22,
I5

320
5

llB

8?.

105
Ir.

21.

85
L7
4[:

þ,

19
10

I
0

0
I
z
0

6
l.

I
z
/-

3

0
c\

I
")

2

1

9
3

0
I
2

0

7
9
7

9

D

*

A
B

+

New p1anting.

= Plotsize3x3m.
= Plotsize2x2m.
AIat ae,/apteraeT/nymph s .

Total plants 49/pLot..
Total plants 25/pLot,



A¡2pendix Xv-C. Colonization of broad bean stems in the erçerimenta-l
pÌots by Aphis craccivora at Mortlocl< 1977-78-

Plot f** Flot II**

Þate
Preceding
intervaL
in days

No. of
alatae

No. of stems
with aphids+

No. of
alatae

No" of stelns
vriÈh a¡:hic1s+

Aug

Sept

Oct

27, 1977

3

13

7tr
13
2'1

8

7
10

24
6

L4

6
22

11
7

10
7

22

3

I8
L9

49
1l-6

22

10
IO

0
0

1
0
1

13
I4
65
5s
3I
I4
28

5

JÕ

22

65
91
42

9
J

0
0

U

o
0

6

2I
15

6lt
52
44

L2
L2

3

Nov 2

24

Feb 13, L97g
20

Mar 2

9*
3l_

û
o

0
0
4

c
0

I
0
4

*

**

+

New plantíng.
PIot size 2 x 2 m. Total plants 25/p)-ot.

At atae/apte r:aerlnymPh s .



Appendix XV-D. Coloniz¿rlicn of broad bean st€)ns in the experimenta.it
plots by Äph.is cracc.ívora at W¿rite 19'75-'11 .

PIot I** PloL-. Il:rt*,

Da b.e

Preced-ing
interval
i-n Cays

No. of
aJ.at¿re

No. of stems
with aphids+

No. of
a-låtae

No. of slt:rcs,.-ì'wl-Lfì aplì.icl,c.'

Sept 11, 1975
I8
25

Oct 6
20*
27

9
7
1

1l-
t4
i0
10

)
1
I
I
')

42

49
,7

B

17

16
12

2

0
5

c
0

-1

2

0
3

3

0
0

0

0

9
4

0

45
6

1
5

3
4

9

o
3
3
2
I
6

0

1.1.

10

3

33
r_1

4
U

5

3

3

.14

/l

1"

B

6
I

l9
4Nov

l"lay

July
Aug

Oct

Mar

May

6

17, L916
1B
t9
20
22

6*

24

12
20

3, l-977

72
24

2

0

0

I
6

4

¿,

0

9
t0

T2,

2.8

1.3

48
o

I\
I
þ

J
A

*
**
A

+

New pJ-antíng.
Plot- size 3 x 3 m. Total plants

= Pl-ot size 2 x 2 m. Total- plants
A lat-ae/ ap t er ae,/nyn¡rh s "

49/plot.
25/p'Lot.



A ppe rrci. j. x X\,¡-¿-'-Ä . MC,rph*c<::-ipt.:Sir:-ton of: Äp:ìis Ct'àCt.-ivo¡a in t-ol cniz:elrl Gl-fiill'j
in Lhr: expetuirne::rtal- i--iots ¿rt l4or:.tl.ock 19'l5-78.

Nrrmber of col-oiri zed. ste;lls

ll-Lth alatae !ii,tùout alatae
Dafe

Alatae
only

Alatae an,l
nlmçhsr/apterae.:

Apterae
only

N-ym¡;hs
ONJV

A1-r,tetrae
;,irrd nlnnpì.is

Sept 19, 7.975
23

Oct 2

IO
2L
2B

Nov 4
IT
1B
27

Dec 5
23*
30

Jan 6, 1976
I3
L9

Feb

Mar

Apr

May

June
Oct

Nov

Dec

May

Aug
Sept

Oct

Nov

Feb

I6
23
30
13
20

4
II
25

J

I3
26

3

I8
24
I3
23

5,
I4
2L
30
27

3
t3

7
13
27

2

24
13'
20

2

9
31

1977

L978

0
3

7
0
2

7

18
0

IO
3

0
2

0
0
0
o
0
I
0
0
0
2

0
0
4
0
0
t
0
0
7

5
4
2
4
0
0
0
0
2

0
0
2

T2
4
4

I8
I2

2

0
0
0
0
o

-)

5
6
4
9

IO
42

()

4

;
)
0
0
0
0
0
0
I
0
2
1
I
I
I
3
I
3

o
0

27.

7l-
157

16
3I

1

0
I
3

2
I
I

3I
15
63
86
29

4
10

0
0
l_

o
t

3

9
:l-6

3
9

14ar

* Data from one plo.L onl1z"

J

1

r1.
?

1l
t3
29

7

I2.
5

t4
6
5

2
I
0
0
0
o
fì

I
3

5
4
7
6
I
4
I
3

20
F¡

2.

tI

l.o
t
0
0
0
l.
t
I

z1t

I7
21
10
L4

0
0
0
0
L

0
0
0
0
J-

0
0

0
l.
4

t4
1

2

2

2
9
J.

I
,)

I
0
íì

2,

4
3
2

-t
t
Ct

û
1
()

2A7
1
4
2

0
0
0
ì
0
o
0

4L
0
1

O

I
0
0
0
0
5



Ap¡'tendix XVI-B - Morph*corLposijtion ol Aphi.s craccivora in caionize1.
stems in the experirnental p.ìots a.t llaite L915-'¡7.

Nurnber clf co-'l-oilize<f sLents

Date lVith alatae !{ithout al.atae

Alatae
only

Alatae ancl
nltmphs,/apteree

Apterae
only

Apterae
and rtl.,nrphs

NymPlls
only

Sept 11 t 1975
IB
25

Oct 6
20
27

Nov 6

Mar

2

0
3

0
I
6
2

0
2
I
0
0
0
0
3

5

0
7

0

4
0
7

3

3
9
2

I
2

3

4
4
B

9

0
0
0
2
I
5
0
4

IO

0
I
2
0
0
o
o

13
5

0
0
a
0
1
0
0

0
0
o
0
0
0
0
0
0

I
3
0

0
U

0
i
2

0
0

0
0
o
0
0
3

c
o
0

6
2
o

I7, Lg76*
18*
Ig*
20*
22*

6
24
I2
20

July
Aug
Oct

Mar
May

3, Ig77
L2
24

4
29
t3

4
20
11

* Data from one plot only.



A.ppendix XVIT -A. R.rndc¡m dist-.ribr-rtÍons (lvittr trvo classes cirly) cÍf
colorrizj-ng ltpltis cracci-vora aLata.e in the experinrental-
pl,ots; at Mortlock 1975*78.

Date

No" of stems (f)
with i-ndicated Ncr

of alat-ae (x)

0

I'{ear¡ alatae
per_stem

(x)

22
q

I

Sept-.

r-)ct

Nov
Dec

!-el>

Mar

Apr

May

Dec
May

Aug
Mar

95
I39
183

94
r85
224
132
136
164
95

135
154

52
L46
191
242
293

94

3
I

1.3

4
1I
L7

6
2

6
1
I

t
1
5
3
1
4
1
I
3
4
i
B

I
I

19, L915
?.3

2
10
2T
2A
27

5
23
g, 1916

16
9

23
30
13
20

4
l_l
t3
5, LglT

!4
2L
30
27
2, Lg'79

31

74

0 " 0306
o.0544
0 " 0663
0 " 0408
0. 0561
o.0694
0 " 043s
0.0145
0.0353
c " 0104
0. 0074
0.0128
0.0189
0. 0068
0.02s5
o.oL22
0. 0034
0. 0408
0.0133
0. 02
0. 04
0. 04
0"01
0. 16
o.oL22
0. 0]89

o.0299
0. 051 B

t.û622
C " 039.c
0.0532
0 " c64B
0.0419
0.0144
0. 0-?43
o. c,104
o.00i 4.

0. 01? 7
o " 0189
0.0068
0. c)250
0. c121
o. 0rJ34
o. 0396
0.0133
0.02
0.0349
0.0388
o. 01
o. I371
0. 0122
0 " 0189

o?C¡ ì

"952L
" 9314
. 9¿i91

" 9487

"9344
" 9635
.9927
.9704
.0
.0
.9935

.0
"980A
.9918
.0
.9691
.0
.o
" 97:ì0
.9697

0
n

o
O

0
0
0
0
aì

1
1
C

I
L

'l
0
i
U

I
I
0
0
I
0
L
l

49
72
96
99
42
8.1

52

n

tl57t
0
0



Appendi-x XVII-B. Random distributions (w,ith two c:-l-asses oni.ir) of
ccrloni-zinq Äpirìs cracc.it,ora alat-.ae in the
experimental plots a.t liaite L915-'71.

Date

No. of st-.ems (f)
\4rith irldicatecl No.

of alatae (x)
Mean alatae
per stem

(x)
2 2

ss /x
10

Sept 1-I I L975

1B

25

Cct 6

20

Nov 6

lular 18, L976*

19*

Oct 20

Mar 3, J-977

92

I46

186

242

29l.

143

46

46

L37

69

6

I
10

3

3

4

J

3

10

J

o. 0612

0. 0068

0.0510

o.oL22

0. 0l-02

o.0272

o.0612

0. 0612

0.068

o.o4L7

0.0581

0. 0068

a "0487

0.0121

0.0101

O.O2'o'l

0.0587

0. 0587

0. c63f3

0. 0405

0.9485

I"0
0.9539

0. 9919

0 " 9931

0. 9 795

0.9583

0 " 9583

0.9384

0.97]B

* Data frorn one plot.



appendi x XVIII-L" Observed and expect--ed frequenc;j.cs of c<¡iorrize,l
stents fol: ne-qative t¡inoinial dist.ribuÈj.orrs nf ct:l-olij-zttiçt
Aph.ís craccivora alat.ae in tlie experimenl-.ar plots ;¡t.
Mortlock i.9'76-77.

Ðate Nc¡. of alat¿re
per stem (x)

Observod number
cf stems (f)

Experct-ed nr-¡lrber
<¡f stenrs tf.J

7t-.4
19 .6
r, ')

I"B

0
1
2

>2

I1
0
I
2

3
>3

3"
I.
1.

7T
20

6
1-

106

13. r0. 76

26.LO.76

3. .11. 76
(data from one
plot only)

18. 11. 76

24.l-L.76

33"5
17. C

c.).i

5"8
J"t)
2.3
1.5
')0

3b
9

I4
5
5
?J

2
2

12 "2
ÉJ. 3

3,9
2..7
i.9
1.3
2,4

0
I
2
3
4
5
6
'7

I
9

>9

1.05. e

1^O

26.4
L7.9

1.'i6.

45
t4
I9
t3
1B

J

3
2
2

J

L

0
1

2

3

4
5
6
7
7

0
1
2
3

>3

i.
9
9
5
5

L4.2
AA
6"7
4.9
3.7
a1

2.4
1.. 5
3"7

T6
6
4
9
2
2

4
3

4

0
l.
2

3

4
5
6
,7

I

42 "2.
IY.-L

Êì. 1

3"3
2"3

L76
L2

5
I
I

3.9.77 43
I7
I
5
2



Ãppencli.x >:VI7'I-A (cttnt.inued) "

Date
No" of alatae
per sjtem (x)

observe<l number
of stenrs (f)

E,.<pectecl nur¡.ber
of stems (f)

t)/.J
18.8
5.9
3.0

7.
4.
2.
l

I.

6B
1.6

o

3

0
I
2

>2

L3.9 "77

7 "LO -17

L3.1.O.77

27 .LO.77

15.8
6.6
2.7
1.9

0
I
2

3

4
6

79.t.
JO. 15

40.
34.
).t
1?

2L5.5
35.5
8.1
3.3

77
42
t6

3
3

2

2I6
33
1t

3

4
9
2

C)

0
?

3

2

2

39
35
29
I2

6
2

I
3
2

0
I
2

3
4
5
6
7

>7

0
I
2
z



Appendix XVIII.-R. O]¡served a,nd expected freq'.lencies of r.:ol-onj-zecl
stents for a negative birronrial distriÌ¡ul:j.<rn cf
colonizing ApJtis craccivora al-atae in the exper:j_:le¡rta-L
ploLs at Via.ite L977 .

Date
No. of alatae
per stem (x) Obser'¡ecl number

of stems (f)
Expected ntni'.b,er
r:f. stelr¡s (f)

12 "5 "77 0

I
2

3

4

5

>6
>8

40

77

3

7

2

2

3

I

40"6

T4.T
'l(

4.5

2.9

_1. I
l_. 3

1'!



Appe¡td.í.x XIX. Incidence of natural- enernies r:f Aphis ctaccivot:a j-n the c:xpr:ri.nr:ni--n,r-
pl<rts at Mortl-oc:k a¡trl i'laj.Le 1975-11 .

No. of coloni.zed s'tens rvith

Dat:e
No. of

colonized
sl-ems

Syrphi-d
E/r,

Cliamaemyiid
E/L

Coccinellicl
EiL/A

ChrlzsloPi-d
!t

Parac.it:i zeô
aph-ì-i.s,;

Mortl,ock

Clct
NoV

Dec

Feb
ltrov

Oct

Nov

!{aite
Sept 11,

25
Oct 6

27
Oct 7.2,
May 72,

24

2,1975
4

I1
27

5

23*
3, L9'16
3*

t8
24
7, L9',77

13
27
)

2.4

L915

r976
l-971

24
89

7
'))
15
34

9
o1

22'7

40
L29
107

75
26
40

7

13
8

2,3

20
6I
24

1t

0
0
0
0
0
7
I
9
6
0

0
0
0
o
0

I9
0
I

95
0
5
o
5
0
6

0
0
0
0
0
I
0
0
I
2

I
I
3
1
0

0
0
2

0
0
0
0
0
0
2

0
0
3

I
0

I
5
cì

.1

I
0
0
0
2
0

I7
0
6
Cl

0

42
15
I
0
I

0
0
0
0
o
a
o

Lì

C)

0
I
o
0
0

0
0
0
0
0
0
0

I
0
0
0
z
0
0

i_

1
I
0
0

22
9

*'

E

L
A

Data frorn one plot only.
= Eggs
= Larvae
= ACuIts



Ap¡>endix XX 2 Temperatures ins-i<le f-iel-cl cage-s
duríng Fi>çerinrent lr - L9'/8"

for the tj-rst 46 ila-y's

Day Date
Itlaximum

temper:atur:e
(oc)

Mi nimr-rm
ternpero.tur-e

(oc)

Curnir.ì at-ive
cJ.ay-cie<¡rees
above B " 3oC

I
6
7.5
oU

7
9
B

6
:1.1

(f

c)

9
T2

5

4
4
2C

^

9
'7

I
9
3
B

I
I
5

5
8.5

6

5
3"5
¿.

4"5
5

10" 5

June

t3

I
2
J

4
5
6
7

B

I
10
1I
I2

I4
1.5

L6
I1
I8
19
20
2T
22
23
24
25
26
2',7

2A
29
30
31
32
33
34
35
36
37
38
39
40
4L
42
43
14
45
46

May 1.7

1.8

19
20
2I
22
23
24
25
z()
27
28
29
30
31
I
2
3

4
5
6
7
I
9

10
1I
T2
13
1.4

15
I6
L7
18
19
20
2L
22
23
24
25
2,6

27
2,8

29
30
I

21_

L9
1.8

18. 5
2:)
2L
I7
16.5
20.5
23
24
?(
t9
23
2T
z)
22
t6
26
25
20.5
t9
I5
20
17
15
1.4.5
23
16
15
19
24
I7
1B
L7
2.O

18
25
18
t5
16
25
24
25
25.5
l_6"5

72 . ¿.,,'

82 .6**
92 .0*tj

11
5
5.

10.
5
5
5

142 " 3/\

162.78

5JuIy

7.
6
5
4" L92.JÇ

* FÍrst generation a-pterae seen.
** Z:.latj-form n,ymphs and tene::al- al-atae seen"
A = No alata díspersa.J- until 35 <lays.
B = The start of al-ata clispersal .

C = P.l.ants harvested for: poprrlation cor¡rts.



Apoerdìx XXI: Tota] populations arrcl nul.nbel:s of al:i:erae in the
expc:r:inenta], coloníes (in the big c;arges) , sanipj-ed
at 45 days aft',er: the star:t of experitneut
- L978.

Host plant.
species

Initial*
number of
colonizing

aL.atae

T/4*t'
C,clon.ies (repl-ica'ces)

l- 2 3 4 5

Conuron
burr medic

T
A

T
A

T
A

T
A

I

2

7

Tl-L2
42

L604
33

3253
80

1004
44

804
3B

1r02
44

2340
8l_

1062
a/1

1718
43

Srrbter:ranean
clover

T
A

T
A

T
A

T
A

T
A

I

2

3

202
l_6

188
I8

'! a')
29

156B
65

1304
65

388
29

L87
1.6

415
B

563
3tl

it25
65

36r)
1:t

638
26

568
32

tL7 4
47

860
4':,

5

6

Broad bean T
A

T
A

T
A

T
A

T
A

T
A

I

2

3

4

6

7

3484
82

930
45

I548
88

1280
63

1066
84

I058
44

4320
160

3028
l_55

2120
83

436
44

5034
235

L2',72
l7

1466
4B

3776
I 1.0

Nurnber of colonizing alatae alive at 4 clays after colonization.
T = Total aphids; A *= Apterae.

*

**
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