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" 0.. KOlQ)IAPAtJSll{G APHlDOLBTBS APHIDIHYZA (BOIfDIJfI) 

(DlP'!'lIBA: CBOIDOMYIIDAB) FOR CORTROL OP 

GRBBRBOuSJ APÈ:roo IB WIIfTBB 

The aphidoph'agous mid~. Aphidotet;~s, a:phidimy:z:.a 
: ' 

(Rond.). is' a. promising biologioal oontrol a4ent, but., in 

greenho~ iU ct'ffectiveness is r88tric~ by di~p&use 

d,unng winter. Five nondiapa.using llnes of A. a.ph:idim'Yza. 

were seleoted under LD 8:16 (21OC). One seleoted line 

we.s ma.intained fôr 50 generations (3 yr)i selection did not 

affect fecundity, sex re.tio, or morphology. When selection 

we.a rela.xed, no signifio8.nt reversion to higher dia.pe.use 

\noidence occurred untU' a.fter eight generat.ions. 

Simult8.neoua fluotue.1.iona in dis.pe.use incidence were observed 
f , 

in a.11 linea. This may have been C8.used by variation in host 

plant que:-llty, which w~ shown to e.f;fec1. que.lity of e.phids 
, '\'l 

#,/"" 

sufficiently to influence diape.use in midge larvae. Rea.ring 

la.rve.e under LD 8:i6 a.nd t.hermoperiod 21:150 C, \induoed 

diaps.use in le.rvae from aelec1.ed lines, however, low 

. " int.ensity radi~tion, '«48 uW/om2) a.1. night prevented 

di&~use under these c~di tio~s. A rele80_8e r~ te of 
~ , 

l preda.tor:10 &phids we.a sufficlent to control a.phids in, . 
c&ges, from November to J&nua.ry, in the' greenhouae. 
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ft 1JB8TIOlf DB 

" <D:IP'I'BRA.: CBCIDqKYIIDAB) SA.H8 DUPA1J8B • 

POUR 0 LB ~RTROLB DIB, PUCB1~)J,: DAM LBS SIl~. BB HIvBa 

,-Le' mouoheron a.phidi,phe.ge Aphidot~"t6s (;J.phidimyza. ~ 
, '.. , . 

(Son~.)' dém'ont~ un gra.od potent.iel en tant. qu'a.gent de-

co'nt.r6le biologique effic&ee. Son effic~it.é & l'inMrie~r 
',' - " ~' ... ' 

des serree. est cependa.nt restreint.e due 8. ùne dia.pe.u8e 

~vén:~le. Gin~ . lignées d'A. aPhidi~1I~ qui n',entrfnt ... 

P&8_ eh ~te.t de °die..pa.use furent ~lectionnée6 sous un régime 

photopériodique, dé 8 h~ures de lumière (LI> 8:16) à 

2109. Un~ de ces lignées fut ma.intenue penda.nt 50, 

. générations (3 ans) sans qu'il y ait d'effets sur la, .. ~ ) ., 

fécondité, la. propoIlt.ion des' sexes ou la mOr:f>hologie. 
, ~ 

. Lorsque la. 8~lection fut stoppée, une 8.ugmenta.tion ' 
" 

" , 

significa.ti ve du niveau d'incidence ne fut notée qu! après 
" \ • • ~ & • 

'. 1 ' 

les 8 premières généra.tions; Les fl;uctue.tions du n.ive~u 

d'inc'idence de dia,pa.use se produisirent~simult&néme'nt d&~ , , 
l , ~ 

toutes ·les lignéelJ et éta.ient possiblement a.ttribua.blea à. 
,l'" •• 

çles varia.tions de 'la. qus.lité des pla.ntes-hôtes, qui fut 
! ' 

àemontrée modifier suffisa.mment la. qua.l,i té des pucerons,\ pour ",: .. 

influencer le taux de dia.pause des la.rves de' moucherons.' Un,:,', '. \ \ 

,régime photopériod~que LD 8:1'6 combiné à (une thermopériod~' '~..:.' 

21:150 C provoqua. la. dia.pa.use chez les la.rves provena.nt.,.. 
J 

des lignées 8~lectionnées; cependa.nt le. fa.ible intensit.é de 
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ra.di~'!4bna la. ·'Jl\Jit. «48 ~WI'O~2) 
prieence· cte telles con~iona. En 

.;;, 
-lot:"" 

emp6cha. l~ d}a.pa.u~ en 
" f« 

Qagea. ~n ~,& tio d., 

l p~atpur ,relAoh~ >\pour 10 pucerons Permit. de otInt.roler Ise. 

-.f 

pucerons- de novembre ~ ja.nvier 
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'rD GALL MIDGB SONG .... 
, 

If I we"l & ga.ll 'mid4e, 
Aphidole't.e-lete-lete-lete-d~le-dee, 
Ali d80Y long rd fe&at on ·Aphidida.e 
If I weré ar préda. tory midCe. ' 

l'd e80t the big ones, little ones, 
\ EspèCially the juicy ones, 

, , 

/ 

Green, blue, red. maroon a.n~o blerc~. -
~tChing ante her 8weet little knee joint,-
Wha.t a t.a.àtY sna.ckl. + 

-. , 

. "- l'd. injec't. my special paralysing' toxin, 
Ma.king sure she couldn't get a.wa.y. 
T~en I:d eettle dow'n to' e,at in pea.ce. 

" 

.. 

Pigging out on a.phids: , ' . 
Th8llt's the surest· wa.y. to heaven -r.ha.t;, I kn~w""­
Na.b th08e knee joints--:freeze 'em on îhe, spot 
Buok their juioes--get. 'em 'whi1e they'~ ,hot!. 
,Lea.v.e them lying shI1 ve~l~ in a; kI}ot. \ -

--If -I, were, a preda.~ry midge.' ~ .' • 
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ORIGDtAL QOR'l'BIBU'I'lOlfS 

selection of a beneficial inseot for , f. 

nondiapaul!Je tO improve it8 effeot.iveness for biologic~l 

cont.rol. 

2. This is the tix-st dembnstra.tion. that 'C\ua.Uty of a. h08t. 

plant can a.tfect ~ phytophagous insect. suffieiently 1.0' 

" 
influence dia.p~u8e ~nèid~nae in its preda.tor. 

Pert&jn;ng t.o .A. aphidim,lI:t$4:" 

3. This iB the firs,t. time that da't& on emergenoe, dia.~au88', 

~. ' 

sex ra.tio, mortà.lity. a.nd pùpa.l .dèyslOlDment in A. 

a.phidimy:;w. ha.a been, collect.ed for a. prolonged period (3 

,yr." )~Ô gene:e.t.ions). 1t' is a1so the' first\ time t.ha.t Unes 
1 ~ • • i' <.. ~, 

of' A. a.phidimyza' tram zsever.a.l different geogra.phical 

a.ree.a havé been colleoted and compared, A~ing fr~)Jn: this 

study ~re t.he following ,origina.l co~tributions:' 

4. 'Thëre iB wide va.ria.tion '.in s~x ra.tio in A. <lph.iàim,1Iza. 
\ 

tram ,genera.tion to genera.tioJJ$.; . e. st.8.qle sex '1'8.tio is a.n " 
, " ~. . 

important at.tribute of lines used for ma.s8~produotion. 

, Mainta.ining a.n aclequate sex ra:tto is a. ina.jor probl~m 1m 

est&bliBhil'lg wiid lines. 

5.· There is a.\ ·.wi~e ra.nge' in fecundi ty between. A. . ~ ." ~ 

a.1?hidim1lza. fema.les: 'wit.h' some· individua.ls 18,ying ;>200 , . 
eggs. .. 

6. D'iapa.useis. dom~ri8.nt ov~r nondia.pause a.nd 18 inherited in 
" ' 

&ocord wi th elilllina tioil of pa, t.ernal' chromosomes. 

7. Die.pa.use ol."iented la.r:vae have _8. longer àevelopmen!-~l period 

t.h~n p,upa.t.ion oriented larva.e. 
'.: 
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"" '-8. There i8 a.n 'indice. tion tha.t lia.btlity 1.0 dia.pause a.nd 
-

development re. te a.re -rela ted e. t the genetiô layel. 
-' , 

, , 

9. Low. intensity ra.dia.tion «48uW/cm2) &1. night _ preven:ts, '. \ ,/ -

dia.p&use in A. a,ph'idimyza,: under cooi. short. cta.y· 
. ' 

-eon.di't.ione that would otherwise induce- 100% dia.pa,U8e. Thi$ , , 

'ia a.pp1i8ct 'ta i~provinC biological. con 1?~01 of ~hi~8 in' 

'gr"nh~ during winter for the first time. 

-1:0, A. Cé,phidimyza.. i8 s.,ble 'to control &ph~ds .in midwinte~ 
1.-' .. 

'greenhouae 'oropa" 0,,1. rèleue ra.:teB of 1:3 a.nd 1:,10. . ' 

, , 

.- " U:' Previoua work o~ the int.era~tion. between Photop'e~od &nd 

th~rmoperiod' in -inducing die.Pa.use:' e.nd the'. photoperiecli6 
• l,t, 

term;ination o,f dia:pause wu eXPànded ,~pon, 

12. A. a.phidimyza.. eggs a.nd leorva.e a.re not, affected by . ' 

... 

Sa.t'er's Insecticids.l Soa.p SPl'"s.ys. .. 

13. A:n effioient ca.ge wa.s developed for' rearing A. 

a.phidimyza, whidh, ia now ùsed b;y &; èx?mmerc1a.f inseota.~Y.~ 

-Ot.h.er ContribùtÏDD;8: . ' 

14. Green tra.ps were found 1.0 -a.itract êerta.ih &,phi<;l-pa.ra.8itic-" 
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IBTBODU'Cl'IOR ' 

. Before ent.ering _raduate' schoOl. l .wù a. green hou se 
\ \. l , 

,rower. l produced nursery plants in my r privaœ business, and 
l ~ ,. , 

beddi~, planta. tomat0e8 and ot.her ye,et.e.bles &1. a ·sola.r . .. - . 
,r~nhouse, ~~a.roh Prc;,ject. wher, ~'wor.lted. Aphic;ùJ were oft.en 

a severe problem: in poth greel'lhouaes. in a. va.riet.y of crops. 

Beca.uae 1. was wsinC biological Control &gen ta ~ainst. othez: 

pest.s# l experimented with a.-pl;tidophag'ous in.éect.s ~6léi' l'y . , 
commercial Inseot.a.ri1!s. èoocinellids were, expensi ve a.nd . ~ 

sta.r:ved beiore a.phids were elimina.tedj in' three successive 

ehipmenUs of la.cewing eggs.,larva.e emerged en rout.e, and 
, 

.' 

sUrv'ivo~s of the ensuing oa.nn,iba.lism never beoa.me 'ésta.blish!ld:' 

l collected syrphid le.rva.e from; e.phid colènies outdoox:s, ,e.nd 

na.t.ive pa.rasit.ic Hymenoptera were often found in the 

.rreenhouse. but n~ither ha.d a significa.nt impact on a:~hid 
~ • ~ - ,1' 1 

populatl.ons. After two eeasons of ,:!nsa.tiBfe.ctory, la.bor, 

l'intensive control, suddenly, over a. 10-da.y period ir.r late 

March. a. serioue aphid infest.at.ion in the commercie.l f 
, a 

greenhouse l W8.S me.naging wa.s eliminated by tiny, orange 

mà.ggo ... .s. Thue, bègan 1nY introduction to the ~pHid midge, 1 ... . 

Aphidtitetes d.phidimyza..\l 

Over the next two yeâ.rB, l 'became fa.mili'8.r with th'is 
, • ,J 

native a.phid predator and developed simple field collection,' 
\. 1 

r9ring and mana.gement methods fo~ 10cs,1 _growers (Gilkeson and 

Klein, 1981;, Gilkeson and Arm8trong, i983). Although control 
~"'" ~ f 

.. ~ of aphide with thia prede.tor was superior to !=Ither natura.l 

" ,ehemies 1 had tried, one problem remained.. Là-rvae in the' 
1 

grêenhouse entered diap,ause during. November, a.nd adults did 
1 , . 
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not ~mer,e up,til mid-Ma.roh, Al though .a.phid· con t:rol was 

excellent from sprmg through :(a.11, a.phid popula,tions were 

unchecked during winter, 

I decided.:to e.ddress thi~ problem fqr my doctore.l 

,res~a.rch. Beoa.uee A. aph.i<:limll24 ' we.s superior to other .. '" ... ~ 

'. 

spec1es of a,phiqopha.gouaS insecta t.estéd, a.nd W&8 ge.1ning wider 

recogni tion a.~d use in - ".reenhouse ind'U8tries aroun4' the ,w-orld 

(USSR, l'inla.nd. Engla.nd, th~ ""Net.herla.ncls), I decided to" 

concentr~te on it, re.ther tha.n looking, for another species, 

. The fi~at séction of tbis thesia describes resea.:roh on 

genetié select,ion of Â. ap~idimtlza fo.r nondi~paUBJ3 under ' 

typica.l greenhouse winter qondi t.ions. La. ter, work on 

" 

-prévènti'ng di&~a.use· with very low int.enaity 'Ught. &t night 1s " 

described; The fine.l section dea.ls with ~r8.Ctical ap'plic&tlon- -

~f A. aphid~~y%a., ~ which' di~P&U8e h&8 been p.reven~ed, ih 

winter ,greenhouses. l pls.nned and executéd &11 expériments 

descri bed in. t.his thesis., 

Bota;t.ip:q and Style 

I . h~v:e a.dopt~ the widely used nota.tion forph~toperi~d 

(Te.ubet- s.nd :Tauber; 1976; Saunders, 1982) in which light:d~rk' 

cycles a.re -designs.t.ed LD, 'flith hours' of light followed by , 

hours of da..rkneaa~-, Thua, LP 8:-16 describes a. cycle of 8 h 

light 'e.nd 16 h da.rkness. A simila.r system is used for 
<, 

t.hermoperiod tempera.tures,. with iTC 21: 15~ designating 8. , . 
the~moph.a.se tem~ra.ture of 210C s.,nd cryophs,se of 

~', . 
15oC. In. s.11 experiments,' unless otherwise st8.ted, hO"4rs 

, ' 

- . "of thermèpha.se coincid.e with the light l=!ha.se,. a.nd cr.yophase 

coit;lcides wi th the da.rk pha.se. 
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.Mea.surement of light intenaity' for low '1ight-. e~riments 
" 

w~' ma.de in micro:-watts, ,per 'cm"2 (UW/cm2) t.o conform 

with mea.su~ments curJ;"e!!.tly' recommend~.d >.for 'photoperiod. 

experiments (Philog~né, '(1982)..; ~ a.nd in lux (1.x) l' 80 that 
., _ ~ l. .%. 

_ If r ~ l,' l . 

reaulte c,?uld be comPaol"ed wfth those ,in the ee.rlier 

literait. ure. 
, " 

'Style conventions' fo1l6wed were, tbceei gi ven in the OB! 
.' , 

style m~nual (1978),~' and' publi8hed .by the Entomological 

Society of AJp.erica.. 
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AP.BIDS AS PBSTS ON GRBBRHOUSB CROPS 

Aphids 'are a.niong the worst p~s:ts in greenhouses (Miles 

.. ,"and, -Miles, 1936;~ Russey,; et 8.1.. 1969; Han8on, et 801 •• 19'18) . 
..} - . 

5 

TheYu t.hrive in the warm, hum id environment, in the a.bsence of 

t.he large èomplex of na.tura.l enemies tha.t control them 

outdoors. Aphids usuai.ly' reproduce parthenogenetic&lly a.11 

winter in a. "greenhouse, without. a sexual genera.tion, whioh 
~ ~ 

~oUld occur in the fa.11 outdoors. Therefore. a11 a.phids 

present are viviparous females a.nd popu1a.tioD.s are capable of 

expa.nding with a.stonishing speed (va.n Emden, et al .• 1969; , 

Hussey. et a.1:-;-- 1969). .. 
" 

destructive 
l ' 

The most common a.nd species is the green: 
, -

pea.ch a.phid, My2us pe'Psicae (Bulzer), '" which is 
, " Q e 

outste.nding in its widespree.d distribu:tion~ host plant r80nge 
" -r 

a.nd its ,a.!?ility to t.r,nsmit. over l?O· virus disea.ses .. (Miles,._ ;' 

and Miles. 1935; van Emden, et 801., 1969; RusSey, et al.', --. 
1969; j)ix~n, 1985). HesNY intestat.io~s -'of ·M. pe'Psi;a.~ 

'distort leflovea, buds and termina.l' growth a.nd reduce gr<?wth. 

n'he~ a.1so ex~rete hes.vy deposit~ oi honeydew, ·whiah are." 

colonized. ~ by. 800ty moulds (ot.a.dispoxoium spp.) .. -This : 

" d~rea.ses the photosynthetic areJi' of leaves. 8ond· reduees .... ~ ,., .. ~ 

,yields e.nd market va.lue. of fruit. and flowera.· As a virus 
J 

, , 
veotor in greenhouse8, M. pe'1>sicae is pa.rticularl;y" 

destruc-tive to tome.toes, iet.tuce, chryS&nthem~s and 

ca.rna.tions· (Wye.tt, 196~;""H8.na.n, et. al., ~978). It is 'e. 
1> 

'. 

-serious pest "on green peppers in the Net.herla.nds (Ra~ensberg, 
1 ~ ~ a :> .., , 

et aL, 1983) and Finle.nd ('tiittanen, pers. comm.t). 
r ' .( o.J .. 

Fècundity otM. pepsioae is higheat at 15-2000 . 
(Barlow, 1962); '~hich is ~he tempera.tl,lre range employed in 

wi:p.ter for most crops under gla.ss. 

, 1 

" 
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The other mœt import.&llt speoies f'ound >in 'greenhouses 80re 

the cotton 8ophid. Aphis gosBypii Glov~~, whi~ i.e a. 
, . 

serious peet of cuoum'bers e.nd melons, the rose e,phid • . 
M4C%"Osiphum POSQ,8 L~, :round on greenhou8e roses, the 

. ' 
pot.a.to aphid. Hacl'osiphum .,uphopb~ (Thom~)'. whieh 

G •• J! ~ 

a.tt.a.oka' a va.ri"ety of vecetable' a.nd orna.ment.&l oropa. and the 
• _ _ 0- Il 

mottled arum aphid, Auta.conhum oil'ou~~um Buokton. a. 
. , 

widespread pest in Sri tieh greenhou8e!s on a.rums, 

ohryae.nt.hemu'm. oyola.men a.nd- oerta.i.n other ornament.a.ls. (HuseeYJJ " 

et. 801.. 1969). Many ether species are' a.lao known to i~est. 

greenhouse orope, but. 80re lese import.e.nt." tha.n t.hose men'ti6ned 

8obove. 

Wit~' t.he devrlopmerit of r$SÜJt&nce to pesticides •. oont.ro; .... 

of a,phida hu bed\me inoreasinclY di1'ficu,l t,. Resista.nc~· t~ 
. . 

or.ranophoephorua pestioides ia &lre&dy widea~ (W~a.tt 1965; 
• 0 , . , 

H;a.n&n, et. 601.. 1978) 80nd resÏ8t.&nce. ia increeaing to the MOSt. 
q , "" .... 

reaently introduced pestioide. pirimiœrb (va.n Lent~rèri. et 
" .. 

801.. 1980)., Pesticide injury t.o il'eenhouse' orepe, pe,rticul8orly 

younc cucumber pl80nta a.nd some ohryaa.nt.hemum cult.iva.rs. is 

8olao & problem, sinoe thoroUCh, repea.t.ed &pplica.tions are 

necessa.ry t.o cont.rol a,phida. 

, ' -------------------------,:--------------------

lX. Tiitta.nen, Agrio':;'lt.ura.l' Réaea.roh Cent:re, Depa.rtmen,:t. 

of Pest InvestI.ga.tion. Jok~oin~n~' Finland .. 

. ~ 
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\ 

.. 
. 'fAl[()JfOMY or A.. APBIDI1;fY~A 

q : 

'" -The !talié.n dipt;erist, Rondani, firet desoribed the a.phid . ,'" . , 

. midge. Aphidoteus Q.ph~dimyza.. in 184'7. S~bBequently. over . - . 
. 30 speoies of _a.PhidOphagOÙ8 ~idom.yiida.e wel'e desoribed, .' 

, • 0 

.. 1:)a.Md' on mit).or morpho1~i6$.l èlifferences a.nd &Ssocil1.'tions of . r 

~~a.e wi~h different a"phid spacies '(RUb8&amen~ . 1891; 1892; ~ 

Kieff'er, 18gB;. Coquillett.J 1900; Pelt •. 1911, 1912, 1914, 1918;: ,. ". 

Ba.cnall. a.n:d: H~rr~80nj 191'7a., 191 '7b; 191~c; Tolg, 1921; Ba.rneS, 
. ' 

'1927) •. 'rhizrtty-seven specifie' a.nd 10 -cen.erlc narnes of C-
• 1 '.'~' , 

. . 
a,phidoph~oU8 mic;:tces a.n, lià'ted in. &. t.&xono~io review by 

. \ 
J -

Ba.rnes (1929) 1 mOtlt of 'which; are now synonyme fer A. 

J : 9-Phidim'llM.. 

Ai.ter Nij,)-elt. (1964, .lgS6. 1957)' .and Milne (19'60) reviewed 
,,,. , 

a,'dÜlt. lT\.orpholog;y a.n~ e&t$.blilS~ed the fs.ct. t.ha.t aphid nrldge 

1arvae ~ on ~veraî' apeciea of. a,phids, some of the 

ta.xonomio confusion, wa.s red.uoed. Nijvelt, however. later 

published & ~k on ,&11 midgès, Whioh inoiudêd nu~erou8 

deaoriPt.~o~ of. e.phi,dopha.go~s species •. l a.U synonymous wi t.h 

A" aph~dimy%<t (Nijvelt, 1969), Det.&iled descriptions of 

adult- m~rpholo,y' were pro:n~ed \ by M~maeva. . (1964; 1981), "and 
J • 

descripti'ons of four' good speoiea of aphidi VOroUB midges were . ,.' 

publiahed ,'PY Hàr.ris (1966). Ga.gné (1971. 1973) revised the . . 

Nea.ro'tic speéiee of e.p~dophagOU8 CecidomYiid&e,' detining 
- " 

three aOoci species. Yuka.wa (1971) revised the 8apa.nese ga.U 

midgea, anc;i G:rover (1979) ·reviaed India.n Cecidomyiinae. A 
• "-4 

world~d~ revision 'bY He.rris (1973) lSumma.rized distribution, 

ho~t ra.ng8'IJ and biology for aU known species: d. 

o.-phidimiiza. A. "2'tica.2'iae (Ki'eff'er), A~ thompsoni Mohn, 

..4.. abie'tis (Kieffer) and . Honow.mia. subt<"2'z-a.n~<l 
• 
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('Kieff~r). The fi~8t. \bree -sPèoiea &re" potentially useful &8 . ....' \ ~. 

biolo,ice.l control a.gents~ - - ' " 
, 1 

, Recently, usilig a. tra.n~m~sion electron mior08CPpe, Dalla.i 

a.nd Ma.zzini (1980) est""blished the.t. ohara.cteriatics of 
.. .. ~ 

oeoidomyiid ~perma.:tozoa" inoluding that'''of ~. 4phidi7hyza., 
.,. 

could be uaed u t.a.xonomi.c ob:a.ra.oWriatica,-
. """'" 

Full ola.eaUlca,t.ion o~ ..t. JJ.-phidimtlR:O:, a,ecording 'ta 

McAlpine, et &1. (1981) i8 a.s follo~8: order, DiPter&; 

auborder, Nematocera; i~raorder, Bibionomorphe.; euperfa.mUy, , , , -
1 - t J 

'Scia.roidea; famil}' ...... Ceoidomyiida.e; âUbf'e.mily, 'Ceoidomyiin~; 

supert.ribe, CecidOmy~,' No tri~ :desiana.t.ion. is' used (G~~, 
,J ~9'11}. 

GBQG~CAL DI8'l'RIBUTl9M OP A. APHrDZHYZA 

, ' A. a.phidim1l24 i.e a common, hola.roti-o' Sl:>8Oi88, ~lthough '. 

it ina.y have been indigenous ta E1lI'ope init.ially, it' W8.& 
\ ",- .. 

. , , ~ . 
pro~?lY sprsad globally by hulne.nB, on lÔlan ts, or in soil 

, . ' 

(Harri.8, '1982). 11, he.a been recordeâ· from Czechoslovakia., 
'J 

. " 
'A~tria., Engla.nd a.nd Wales, it~ly, Israel, Suda.nj Can8.da., '1 '. 

, . 
United St.a.tes,.' USSR.- <<;lainl!!f. 1971; Harris, 1973), Ja.pan 

, ( 

,('Y'uke.wa.. 1971), Ha.waii (Swezey, et al., 1931), P'irue.nd (8.8 f'a.r 

• north as 680N la.t.) (M.arkkula., et &1., 197f?c), Egypt· 
- ... 

. (Aza.b, et a.l., ~ 1965a.,b), Pole.nd (01sza.k, 1979), Turkey (Uygun 
" . 

a.nd (R,gUr,' 1980),' yug~.e.vi.a (Simova.-T~~ié a.nd VukoviCS, 198Q) 

a.nd is, proba.bly present in the People'e 'R.epubUc ~f China. 
, --

.' 
. . -

(Qiu, pers. comm.1) , The only records for' the 80uthern 
! ' ..... 

hemiaphere a.re from ChUe <Ga.gn~, 19,71). 
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'JkOImY OP ,A.. .AP~DIHYZA 

1 

InforDl&tion, in the foll~wing sec:tion is trom deta.iled 

deSCI;iptioM <;)f ''pio1ogy s.nd externà.l morphology ,i ven in Da.yis 
, ' 

, , - ... 

(1916)~ Robérti (1946), Milne (1960), Azab, et 801. (1965a.), 
. , 

'Harri8 '(1966, 1973), MarkkUla., st al. (19790) and BouQhs.rd, et 
fIit '.. ' ~" ~ - • ., If, 

al. (1981), &8 weU, &8 fram ml' own resea.roh. 
"," 

",Adulte 
, , 1 

Adult Â. a.phido~6t~S are tiny, fragile insect8 (2 mm-
.\ 

lonc) with long, "lender 1~g8 (lI'igure 1.)\ Th.e sexes are , , 

, , 

differing a.ritênnal,morphology. Ant.ennae of, m80les '~re longer 
• J • \ 

,9 

- ':. ,J 
, .. ~ , 

_'\" 

, '1 ' l 

" 
.' 

a.nd ourved ba.okwa.rd, with whorla ot looped ciroum1'illa a;t. ea.ch 
", 

. J.' 
- ". ~ CI· n ...... 

fl~ge~lomere, (Gagné. 197'3). l"ema.les ha.ve short.er~ tbicker 
~. 

, a.ntenn&e, witbout ~ircUm!i?-ia..' ~th '~ex~, are P~~Qnul\a.ntlY 

d~rk grey,' howe~er. the' a.bdomens' of oviPo"it.'ing 'females are 
.;' ~ " .... , 

, - ,1 'f' ~ 

,lar,er a.nd tin ted orange. 
, , 

The life sp&n of midges ilS shor,t. m&léS Ij. ving only 
" 

;5-5 d a.nd fema.les 7-1:2 d •. Feeding on honeydew increaBes adult. 
~ ~.. . .. 

li:fe: 8p&t1 '(Uygun, 1971), the influence depending on both 
" ' 

source à.~d qua.lity of the honeydew (Wilbert. 1~'77). EXPosure 
, 

, ta high tempera.tur.es a.nd low humidiw decrea.aes li:!e spa.ns, . ' 

, Adults' are noot.urna.l; during the da.y they rest uhder . 

"lea.ves or in ta.U gra.ss, wheI;'e it la sha.ded 80nd humid, Ma.tin( , 
• ~"I , 

a.nd ovipoaition u8u8olly take place at dusk.' Females must, me.te 
. , , 

i? la.y fertile eg~s, a.lthougb, contrarv to El Titi (1974b),' 

virgin fema.lea ce.n la.y, eggs. a.lbiet not viabl.e ones (Bouch&r~. 
'- ' 

et a.1., 1981), Wood-Be.ker (1964) reported pa.edogeneai.s in A. - , , 

phidîmyzo, 'a.nd severa,! Soviet a;uthors ha.ve specule.ted on the 
- • • 1 

existence of pa.rthenogenesi.a (G~ip.chuk: 1974; Chube.reva. a.nd 

" 

" Q 

. l 

J , 

. . ,-
,. 

" 

' ... 



,. 
o. 

i 00, 

..... ~ 
'. 

l' " ',. .) 

0' 
", . 

" 

l." o • 

,Figure 1. A. a..phidimY2CJ.:.e.<;!ult fema,le (a,); larva 
a,tte.cking a.n' a.ph,id (b) (a.fter 'Davis, 1916), 
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Koslova; '1980~. however. no other ,8,uthorl;l have found evidence 

of éi ther condition,. 

Reproduction is monogenic., thus aU offspring of a. single 

'femâle a.re the sa me ae>l;: (Sell, 19'76) . In many Cecitlomyiida.e 

and some other families oi Diptera, monogenic reproduction is 
, 

a.Ssociated wit.h a.' peculià.r chromosome cycle. in which paterne.1 

; ohromoso'mes' are eliminated during early cleavage. leaving' only 

,materns,lly derived chromosomes in' the germ lines. Thua, males 

'contribùte genes to somatic, but not germ line, cella of , , , 

offspring a.nd it ia' ,the gene't:ic constitution of fema.les that 

determines the 'sex of offspring (Met.Cs,lf, 1935; 
, . 

Geyer-'OUszynska., 1959, 1961; Crou se , 1960; Nicklas, 1960; 
1 

Pane1J.us, 1971; Ullerich, 1973; Mori, et· aL, 197,9; Abbott a.nd 

- Gerbi" 1981). With the exception of Grinchuk (1974) and 

Chubareve. and Koslova. '(1980), who investigat.ed the morpho1ogy 

of po1ytene chromosomes, no e.na.1yses of A. a:pht.dimyza. 

chrom0somes or inheritance ha.ve been report.ed. My etudies ôn 

înherita.hce of diapause 'are reportéd in this thesis (pg. 116). 
'. 

12 

Sax ratio in experime~ta.1 midge cultures has been given in 

the 'li-terature a..6 1 ma.le:l female (Sell, ,1976), 1:1.7 (Uygun, 

19'71) and .1:2-3 (Uahch.ekov, 1975). In my, studies'. however, sex 

'ratio var:i:ed from gener~tion to' generation (1:0.6-6.0); in 

some 1ines it was '80 unatable that. eventua.lly only one' sex 

em<"rged. Such a shift, tO predornina.nt1Y fema.les was reported in 

labora.tory cult-qres by 'Bondarenko a.nd Kozlova (1982), however, 

in my cultures, a shi ft to predomina.ritly ma.les was equa.lly 

, fo:mm6n:. 

Fema.les do not oviposi t un til 24 h a.fter 'eclosion 
l' , 

. (Pritchafd. 1~61), when eggs ,s,re laid a.mong ~phids on 

, 1 

,f .. 



". 
. \ o 

L 

" 

o ' 

undersides of lea.ves. Fema.les distinctl)' prefér 0 to lày eggs4 

~nder low ~i.g~'t. conditions (28() , lx) rather t.~an in b~ight 
light (> 1100 lx) or tota.l darkness, a.nd also prefer lower 

~ 

~eaves, prob8.bly because' of t'he higher humidity (Mansour, 
~~ 

1976, 1980). Number of eggs laid ia nea.rly proportiona1 te:' 

a,phid density (El Titi, 1972/73), and females are able to '1'ind 

~ao).a.ted aphid colonies quickly (Ushchekov, 1975). El Titi, 

(1974a) found that they were able to loca.te o11e int'ested plant • < 

a.mong 7'5 a,phid-free onea l however, if a.11 pla.nts were equally 
, 

infested, edge pla.nts' reeèived more eggs than central pla.nts 
, 

(Ei Titi, 1972/73). How .females loco.te a.phida ia not cleo.r, 

b'.:1t , o8.Ccording t~ El Titi (1972~7'3; o1974b), a combination of 

, olf~tory o.nd tactile stimuli from a.phids, honeydew a.nd 

exuvio.e relea~ oVlposition in A. a:ph .. idimY2a.. Sorne 

13 

differences 'in hoat plo.nt preference ba.ve been shown (Me.nsour~ 

t975, 1980). Although ,El Titi (l97'4b) sta.ted that aphid 

species did not seem to affect oviposi t.ion, Havelka and 
,r 

'1 • \ 
Rt1~lSka. (l9~4) found th80t oVipositihg females ,showed a clear 

prefèrence fbr Aphis faba.e Scopoli over three other 0 a.phid 
-

. species reared on broad ~ans, Vicia fa,ba, L. 

,Mean number of egga la.id per fema.le has been reported 80S 
\ . 

6-38 eggs, (Ushchekov, 1975). 70 eggs ('Uygun. 1971) and 100 
, 

eggs (Harris. 1973), but environmenta.l conditions were not 

sta.ted. According to' a. deta.iled' study on effects of 
, . , " \ 

environment on ovip08it~op.., tempera.ture h8.d the greatest 

" influence. but photoperiod wa.s a.1so important (Bradovsk8.Ya., 
\ 

1975). Under optimum condi;tions' (16, h day, 2500) t:eme.les 

1e.id 8. Mean of 109 eggs over 10 d. l obta.ined exa.ctly 'the sa me 

results during Orny first tests of fecundi ty (17 h dtt.y. 

'. 

\. 

. " 
" 

-
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.' 

2100),. 'howev~r. e. yea.r ,la.t.er. the mea.n for t.he S8.lY-e' Une 
1 

of A. a.-phidi.myzll. 'ha.d risen to 164 eggs per' fema.le '(se.me 

environme~t&l ·condit.ions). possibly beca.use" of improved le.rve.l 
~ 

nutrition. Nut.rition of la.rV'a.e ha.s been shown to a.ffect a.dult. 

" fecundity (Uygun, 1971, Kuo, 1975. 1~76/77, 1982; Ha.velka and 

RMi~ka.. 1984; ~ll, 1984b. 1985) a.nd t.he que.lity of hon~ydew 
1 (, 

e.va.ile.ble to 8.dults oan a.l.so e.ffeot fecuridit.y (Wi1~rt, 1977). 

l!Iggs' 

Â. a.phid-imt/zll. eggs e.re smooth, shiny and bright orange 

(O~3 x ,0.1 mm wide). They· are la.id singly or in',sms.ll groups 
. 

nea.r ""a.phida" and occa.siona.lly on aphids., Larva.e ha.tch f-rom the 
1 

ant.erior end of the egg in 2-3 d (21oC). Effects of 
1 

t.empera t ure on developmen t ra. tes a.nd lower threshold 

t.em~re.tures for e~g (lO.1OC), la.I"Va.~' (4.30~)' ,a.nd 
, , 

pupa.l (5. 'roC) st.a.ges were investige.ted by Ha.velka. 

La.rva.e a.re 0.3 mm long a.t ha.tchirig a.nd grow to 2"'3 mm when 

rea.d,. to pupe. te (Figure 1.). They a.re typica.l di}?terous 

ma.ggots, elonga.t.ed til.nd na.rrow"fa.t each end ~ith strong, hooked . 
ma.ndibles. Det.a.i1ed internaI and axterne.l morphology of he&d . , 

s.B:d mouthps.rts a.re illustra.ted in Solina.s (1968). La.rva.l color 

, tranges tram pale ore.nge to da.rk red, depending upon the prey. 

Ha.rris (1973) lista a. host re.nge of 61 spaoies of a.phids, . 
, l' 

includillg such .serioUB s.gricu1tura.l pests 8.S Aphis f'abae, A. 

gossypii Glover, A. pomi' De Geer,. Brachllcaudusf 

Mtichroysi (Kaltenbach), BNnJ-tcorayne bl'assicae (L.), 

Ma.cro~i'Phum eu:phorabiae (Thom&8). M~s -perasioae 

.. 

( . 
, , 

.. , 

" 



, 

l . 

.\ ' .-, 

: 

, , 

, ' 

<, ' 

(Sulzer), Pn.o'rodon humuti (Sahrè.nk) a.nd Rhopa1.o.siphum 

pddi. (LS. 

o ' Laiva.e d~ve1op. in 7-l4 d autdoors, depending <:ln 
" ,~ , l 

; . teniperature. A1thaugh Uygun (1971) sta.tl~S tha.~ development 
, 

too~ 3.8 dl at 210C, other &uthars. agree th8.t . ca.. 7 cl ar.e 
'". t', :! 

required (Ha.velka.. 198080; Bouoha.rd; et al., 1981). It is 
,v _ \ 

general1y e.greed tn,a.t there are three la.rV'a,l insta.rs, although 

. Azs.b. et a.l.. (1965a.) report four . 

. New1y hatched 1arvae a.re -able ta locatè a.phids from a. 

dist.a.nce, over an ares.. of 2.'7 om2 , main1y by o1faotion l 

. . 
althou.gh vision may play a. pa.rt (Wilbert, 1972, 1973, 1974). 

They a.ttack aphids by pieroing a. joint in the integument, 

·u~ua.llYr an the 1e~, with their curv~d ma.ndiblea, The:~~n' 
injeot an unknown toxin from the sali vary glanda t~a t 

'paralyzea aphids in a. few< minutes (Mayr. 1975). Mayr (1975) 

sugg~sted that phenol-oxidase in the aaliva may be invalved, 

<>. however, the composition of this toxiI:.. has been studied b)' 

,15 

thin film chroma. tography and na' oompound has been found tha.t 

'." 

wou1d account,'for' the 'strong para1yzing effect (Markkula, ,et 

aL, 1979c; L~~rema.. pez:s. comm. 1). 

The oontents of aphids are disso1vèd within 10 min a.nd . 
Tarvs.e then feed by extra.cting body fluids. La.st instar l80rvae 

_drain a. small aphid in a few minutes, ta king up to 15-30 

" for a. large one (Webster and Philips. 1912). After feeding, 
\ 

only the desiccâted. empty husks remain, ,often hanging tram 

st)'l~ts still embedded in the leaf (Bornbosch, ,1958) . 

. The number of a'phida consumed by ane larva. depends 0 

1 V. La.ur~ma.1 University o~ Helsi~kiJ Finl&nd. 
, ) 

.... ,. 

<, t' 

- " 
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size, species, s.nd. density ofp,rey, Individual le.rvae have 

been, repoJ"1.ed' to eat-,. during t.heir lives, 4'0-60 B. 
. . 

b"assicae (George, 1957), ga Aphis pomi (Ada.'m.s and 

Prokopy; 19'77b), 25 A. faba.e, 28 smalt M. pe'l'swae. or 

,13 ACyzrthosiphum pisum (He.rris) (Uygttn; 1971). The 
~ .. ~ ., 

.' '( 

. . , 

'difficulty in wassess~ng conswn.ption by ooun~ing' a.phids i8 shawn 
, r • • ~. <# ' .. 

by . Ra.woti.h (1984), who found preda.tion we.s random with respect. 
, .... , 1 \ . . , 

to 'a.phid instar, e.~d t.hat t.ota.l, weight ol: aphids oonsumed was 
~ . 

\ 

,rela.tivel~ oonstant (oe..,' 2.14 mg), 
\ ~, 

" ' 

An exu:elD;elr" i,mporta.nt chare;ot.eriSt.ic of 'A. aphiâimY2Q. 
l 

is t.heir 'density depandent predation .beh&vio~~_. whioh i~ o'ftep. 

~ver lobked when &6Sessing poten tia.1· precla.ci 1.1, : When a,phids 
, 

a.re .a.bundaDt., laI"va.e 'kill me.ny more ths.n they ce.n ee.t (Barnes, 
• < 

1929; Dunn, 1949;- Uygun" 1971). The number of s.phids .a."tta.cked 
p 

i,s ,proportiona1 to the loga.ri thm .of prey densi t;y (Uy~un., 

19'71). Aphids ms.y be uneaten, or only pa.rtially consumeq, 

, bafore larvae seleot e.nothar victiïn (Uygun, 197'1). Whenaphids 

are scaree, however~ ... one ,larve. can survive and pupate on s.s 

few a.s '7 M. pezasicae (Nijvelt, '1966; Uygun, 19'71), 
~ 

''\ 
During severe food shorte.ges" young larva.9 are a.ble. to 

survive<:? without food for 2 d, last: instar la.rve.e for '1 d 
c 

(Uygun, 1971). While searching for prey,. however, they resort 

'to ca.nniba.lisrn of ernal1er larva.e (Aza.b, et al., 1965a) a.nd 

f3ggs. ~arva.e fe,ed on a,phids killed by" cold, but la.rval 

development ia prolonjed a.nd adult fecundity decreasee ',(Bell, 

. 1984b). Tl:ley e.160 atta.ck sea.les of the greenhouse whitefly. 

Tl'iàt('u:rodes vapo:ral"iol?um Westwood, (Ush,chekov, 19'75; 

Pavlyushin, et aL, 1982) and eggs 'of" two-spotted spider mite. 

Tetr'anychus u!'ticae Koch, but it ia doubtful whether they,' 
p \ , 

, , 

. . 

. \ 
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ca.n 'survive, to ma'turity on ,'these préy. ~rva.e ~~ ·-~·ore 
. ' ,1. • ." - 'J '" ," 

aphids .unde:r 0001 oondit.ions (1600) (U~gun,' '19'71) a.nd 
- .. 

under."dry,.condi"tions (56% ~e1ative h~~i!iit.y. RH) '(Ma.yrJ: 1973), 
." ' .. ' ...,.. _' 1 

but are mo."t. e.o.tive wh~n Ire1~tive ll:uniidit;y lS hiShest' <?90"'- _ 
-~ -

RH) (Ma.yr ~ 1981).' 
• 1 

""Kuo <1:9'-;5, ,l976/77; 1982). found that 'type of hQe"t. plant; 

and' nutrition of aphida 'eatèn ,bY la.rvà.e ,a.ffeota _b()~h' feounditY" 
, - ' ", '. \ ' .' 

ànd lontevi"t.y of a.dults~, 8.8, vie,ll ,à$ 1arv8.1 and' 84ult :weig~t8 -

,an~ pred~tion beh~vior .. ~fe~~t. speCies. of 'aphids rea.~ on 
.r '. .', 1'_ 

. the -'sa.me ~O!St' plants al.so a.ff~t l~,~l ~ev~lopme~t and &du! t" . 
#1 .. f,' ,\ 1 ;' ~ ~ f ' 

feounctity '(Bavelka. ,a.nd ,Rth~kâ, 1984).. . - '" ' 
, ." ,"", 1~ , 1 .. 

, , 
• ., "; ~,' '1. _, .. 

'J.'_" .. ' \ 'f :-j 
-,. l, ,_"~.;'" /....... ... .. ,"" / 

When larvy are, readyc té ' pupa. te. they leave the ~lant) -
• ...., ~, ," ~ , ,,' '/ '.' _ • -'~ ~" - .' .... 4-. ~~' l " \. _ .::." t' _ 

~ually by "jumping"', (Milne, 1960;, 08m"rs and, Wilbert., 1979)," 
, '.. - - _. ... ~';-:. ." ,-' " <" • ~ Il p " " \ ,1 / .. '. ~ 

and burrow o.e-3.Q. om into 'the soU 1:.0' 8Pi,ri cocoone (Figure" 

2.): They- m~y' Pupa.te.,Qn:'leav~s~~ ~~~~~'!r1;Y' w~en there a.re' 
• l ' r' \ - - , .', l', _ ", ~ '_ _ 

,ma.n;y aphid hu,ks and. exuviaé present to' oover, ~ooons.' 
... , " " ' 

, " 
t:. \, • ( ,~~ 

Pupa.tion begine wit.hin 2-4' d· of sp:iri.ning the oooOon; . 
t ... " _ , 

descriptions df pùpe.l devel01' ent are given by Azti.b, et. &l. 

(1965&) 'a.nd ·BoUChard •. et. ,.~. 19~i·). The g .... ;.tès~ ~~,;,~ of .: 

pupae survive' in moist pupation substre.t~; with high .rel8,ti,y8 
, , .Jt. 

humidity (80-90%) (Ushohekov, 1975). 
, , , 

P-upation laéts 11-16 d ,(21OC), Ms.les tend to emerge a 
j , 

Q ., " , \ , " - , 

.< '. de.y or t~o sooner ,than feme.les, s.nd moet eclosion ta.kes ple.ee 
-(. , ,~~ 

at d\lsk. Pupe.e w~rk tpeir way to, i-he surface shartly befot'e 

,eolosion, and a.d~lts emerge héa.d :firs"t. f1"9m the split 'pupe.l ' , , 

, . 
oase. 

! ' ., .. 
. ', 

Q, , 
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In most tempera.te a.rea.s. 'there a.re 3-6 genera.tions of A. 

a.1?hidim:y~ in tpe summer. The last genera.tion in, fall" 
i!a' 

diapa.uses as a prepupe.l la.rve. in cÇ)Ooon (Figùre 2.); p~pation 

ta.kes place in 'the spring.' Dia.pe.use induction ooours during 
. , 

the le.rya.l period, the .. degree ·of responee being modulated by 
< 

both phot.operiod a.nd tempere.ture (He.velka, 1980b~o). In ~h,e 

labora.tory, 8.11 la.rva.e diapa.use undE!r LD 8:16 &nd TC 
. 0 

25:100c (P'orsberg, 1979). A differenoe of 1.5 h in 

critica.1 de.ylencth for' di8.paU8e induction wa.s observed in two 

popula.ti,o~ from different geographice.l 8.ree.s of the USSR ' 

(Ha.velka.. i980b).' Becauae, diape.us:e 18 fa.cult.a.tive. 8. 
~ . 

photoperiod regimé of LD 16:8 (21OC) preventS dia.p~uae in 

labora.tory cultures (El Titi, ,1972/7~), however. with lines 

origin8.ting 'in Ca.na.da, J :to~d th8.t 8. reg1me ot· LD 17:'7 

(2100) wa.s neoessary to prevent diape.use. Di8.pau8e in 

experimente.l popula.t1o~ oa.n be termina ted. bY ,phot.operiod 

8.lone. wit.hout ohilliri~ (Bavelka, 1980b)œ 

R'A'I"URAL DBMIB8 011' A. APBIDIHYZA 

~. a.phidim7l~ has few natural enemies. Vouka.sovioh 

(1925) recorded a. hymeno.,pterous p~re.site, Synopea,s 2-Mnis 

Wa.lker (Prooto~poide8.). a.nd Ha.rris <1973) mentions an 
• " 0 

, 
unknown apeoiea of Bra.conida.e emerging tram a..,.cocoan. l re8.red 
.;t 

a. single,' f~male, Gastl'unêunPUS 'ep. (Pteroma.lida.~) from 8. 
• 

la.rva ~lleoted in Quebeo. Three uther ~oons-trom the sa.D\~ 

8ite. oont.aining para.aitio wa.ep' rema.ins. were &180 observàd. 
, . l' 

Beca.us8 endoparasites a.ppee.r to be r8.re, the,se ma.l" be ,ce.se8 of', 

fortuito~ pa.rasitism. unci.,i. 1a.boratOI"Y conditions,' l observed 

that la.cewing la.rve.e, Ch'l'1/soPa. spp., oOlleot8d from.' wild 
\ v 

, , .~-• / 'L~ 
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a.phid colonies. dietinctly preferred A. aphidimyza la.rva.e 

ove;r' a.phidsi therefore.' it is likély tha.t the)" feed on midge 

the field. Cocoinellid ~rva.e in the sa.me test 

, , 

la.rvae iri 

preferred 'a.ph1da over mldge .la.rv~: 

21 

Perha.P8 a. more' ~pOrta.ili enemy' urider' greenhowse cônditions 

ia ''the pe.ra.eitic funCus. En;tomoph"thol'a a.picU14t:o. (Th~r) 

M. GU~t.a.f880n, whioh ha.a been observed a.tta.ckin, A. 

a.phidim.ul!'X là.r:va.e' iD. Finla.nd (J{a,riluoto. 1982). A ',olœely' - ' , 

rela.ted mic;Ïâe speotes,' A. thompsQ1t'Ï. is sU8Ceptible· :ta 

'.13ea.u~œ ba\~ian~ (~lsa,mo) a.nd~ IsaMœ :fa.'l"i~~a ,,' 

" (Friea) Vuillemin '(Sm1rnoff a.nd Eiohhorn:, 1970). ' 
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,,~CATlOlf 011' ,A. APBIDIHYZA' TO BlOLOGlCAL COln'ROL 

V&lue ,&8 Ratural Pred.a.tor 

In numerous studies of natura.l predator-'prey systems, it 
4 

has been shown' t~&t A. a.phidimyza, is' the most effeât.i va 

na.ti,v.:e prede.tor of A. po~i in orche.rds (Ross. 191"1; 

Remauq.i~re. et aJ. •• 19"13; ,Adams a.nd Pro'kopy. '1~77a.'. 1977b., " 

1980; Ols~k, 1979; Bouohard. et al.. 1982;, Trâcewski, et &l., 
1 ! 

, . 
1984).' of B. b'zoassica.e on :001e, ,orops (Ha.fez, 1961T 

• 0_' 

". Pollard. 1969; _Raworth, et al., 1984) and various other .,aphid 

.$pecies (Da~is'" {916; 'Aza.·b. et &1.., 1965bj ,Harris, 1973; 

," 

~ t 

. . 
Whalon and 1Il1sner. 1982; ~ugovit.syna and P~mkine.. 1983). 

Recently, it.8 role in suppressing .s:phida ih grain orops has 
~ . ~ 

been studied (.aerest.; 198P;... Fougeroux, 1984). .' li 
• 'f5"' . 

... , ,. \ - , 

In- 1916, :Davis conoluded t.hat A. a.phidimy:ûz. wàs a. ' 
" 

potent.ially value;b1e' bioiogioa,l cont.rol a.gent -for a.phida. but' ' 
~ , "'., • 6 ~ 1 • \ : 1.' • .r , 

applled' research' wa.s' not oondùcted unt.i1 over eo year~ lat.er. 
J 

It ia p08sib~e tha.t the ~&iu'e of: cecidomyiid la.rvae' a~ . , , ' 

" 

preda tors of a.phids we.& not fully e,ppreoia. te~ un tU recen tly 
" 

:,.count~ 

egis a.nd la.rvs.e a.r'e ~n~o~~piouous a.nd ca.nnot.' be 

a1c~ra.t.elY in the field (Ha.rris, 1973). 

Ba.aic étudies in la.rvè.l predacity à.nd hoat finding ability 

. of A. a,phidimyzo, la.rva.e and adul t.s were" ca.rried o~ t in t.he 

Federal Republic ,of Germa:ny during the es.~ly 1970's (i.e .• 

Uygun. 1971i El Titi, 1972.(73, 1974.8., 1974b; Wilbert. 1972. 

19'73, 19"14; M&niJour. 1975; Sell, 1975; Ku,o, 1975). Despite 
, 

reservations 'a.bout production method8~ Me.yr (1973) concluded 

tha.t effective control of a.phids in greenhouses wa.s possible . ", , " . . 

with A. aphidimyzo,. but little ~pp1ied: re~ea.rch has been 
• , 1',\ 
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" 

, 1 
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: publu,hed in. ~er~a.ny untU., rece~tly' (Kuo; 1982; ~11/ .. 1984a,b, 

Pra.ctica.l: &pplication in greenhouae crops has been 

extensively inveatj.gated in t~e Soviet Union and Finla.nd. ,In . 
. " 

the Soviet Union, !!'mphe.aie ie on control 'of A. gossypii on , 

'Quoumber plants (Aeya.*1n. 1977; Bo~darenko. 1975, Ushchekov, 

197!5. 1977; Adashkevich, 197.5; Bonde.renko a.nd Moiseev, 1978; 

Sto~zhkov, 'et a.l., '1981). In Finls.nd, resea.rch ls directed 

towe.rd control of M. ~siOa.6 on peppers a.nd toma.t.oes, and 

Ma.ozoosiphum %-osa.\9 (L.) aD:d M. ~'U'Phwbia.e on rQfe8 

1 (Me.rkkula, 1973, 1978; Ma.rkkula. and Tiitta.nen. 1977, 1980; . ,\ 
Markkula., et a.1., 1979c) .. A\... a.~hidimyza pupa.e ,ha.ve '~en 

sôld commerçially to Finnish~rowers ainde 19;78, ,.when ,70 • 

~row~rs applied (ov~r 100,000 pupae to crope, (Ma.rkkule. e.n4 

TUtte.nen, 1980). Studies have been conducted i.ri Denm8.rk 

(Hansen. '1980), Norwa.Y (Hofsv~ng s.nd It!gva.r, 1982) a.nd in' the 

Nether.lands (van Lenteren, et al:, 1980) .. where midg~ pupae 

.he.vé been sold to growel's since 1980 (Rama.kers, pers. 

comm. 1). 
1 

Although a. 1978 ,report to the Reèearch Bra.nch, of 

Agriculture Canada. recommended testirrg A. a.phidîmyza. in 
1 • 

Cana.dia.n greenhou8es (Boraen, et al.~ 1978), they he.ve orlly 

bèen used on a small sce.le. or" experimen U!.lly , in Can8.da. 

'(Gilke80n a.nd Klein~ 1981). Pupa.e have bean avail~ble in' 

Canada. sinee 1983 from two commereie.i insectaries {Applied 
~ 

~----------------------------------------------

'P.J.M. R~m8.kers, GI&88hou8e Crops Re8e~reh a.nd 

Experimental Station, Na.a.ldwijk, the Netherf-e.nds. 

.. 
, 

, . 

, ' 

" , 

.' 
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( 

Bio-Nomics, Ltd., Sydney, B.e.; Set.ter Yield Insects. 

TecuJru$eh, Onta.ri'o). A few t.ria.ls h80ve been conduct.ed in the 

United St.a.tes (Armstrong, 1983;- Olkowski. et a.l., 1983;' , , . 
'Mea.dows •. et 801., 1986), but no inseots.ries there supply midge 

"pupa,e 8. t this time. 

Ma.es-production methods h~ve been developed and refilled. 

using M. p6'Psioae on green pepper pt80nts as prey 
, 

(Bondarenko 80nd Asy8okin, 1975; Markkula., and Tiitta.nen, 197680; 

,~impil&inen, 1980). 'Ne'ither larvae nor adulte are suita.ble for 

&hipping.. but l'upa.e survive ha.ndling very'(well (Asye.kin, 1977; 

Ma.rkkula. and .Tiitte.nen, 1977), especia.lly when" seht. in moist 

pe80t moss (Ma.rkkul8o, et 801., 1979.b). frolonged cold st.orage of 
, 

di8ope.using le.rva.e promises ta m80ke maas-production more 

economice.l (Forsberg, 1980; He.velka., 1980b),' but more rese80rch 
~ 

is needed ta deve10p relia.ble stora.ge methods. Accumula.tion of 

pupa.e in l80yers of cloth around the ~se of plants (Lukin, et 

a.1., 1983) 'or automa.t1c collecti~n of m8ot.ure l8o!va.e in 'running 

we.ter e.s the y lee.ve plants ta pupa.te (v8on Leiburg and 

~makers. 1984) decrea.se rea.ring costa. 
N ... 

Severa.l ways of int.roducing A. aph.idimyza ha.ve been 

investiga.ted, including a.t.'tr8oc'ting nat.ive popu~a.'tio~~ into 

Ireenhouses using flowering pla.n tB and honey as 1 ures - " 

(Ushchekov, 1977) 1 sa. tura ting 8urroundil').g aree.s wi th ms.ss.i ve 

rele&.~s of midges to ests.blish perma.nent popula'tions, which 
c 

'then enter greenhouses (Bondarenko, 1~~5) 1 and a.coumula.ting 

midges direc'tly in cucumber "gr~nhoUses on "ba.nker" ple..n'ts 
1'" ~"'.. ~v 

(Bondaren'ko s.nd Moiseev, 1978). In the la.t'ter ,ca.s~, broe.d 

' .. 
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beans ,were' used, infested with A. pisum, or other a.phid 

species not infesting - C?ucumbers. 

The Most pred,icta.ble control ia a.chieved by releasing a 

25 

1 known quantity/of pups.e, be.sed on aphid densi")jY or greenhouse, 

'flocr e.rea., a.t 'regula.r intervals. Rela.tively low relee.se r:s.tes 
l ' 

(1 pupa.:200 a.phids) kept A., gossypii below econornic injury'" 
" -

'level, wh en 2-3 releases, 7-10 cl a.part were used. (UshoheJ.tov, 

1'975). Higher release rates, suoh à.s 1:20 or 1: 40 (Uehchekov, 

1975; 8,torozhkov, et a. 1. , 1981), a.nd in ao~e cases ,1:1 or l:A 

: • (Asyakin, 1977) , were necessa.ry for eradica. tion of aphids. To, 

control M.' pezoS'ica.e on peppera in Finniah greenhouses, 

relea.ses of 1:3 or "2-5' pupa.e per m 2 are recommended 

" (Markkula and Tiitta.neri, 1977; Markkula, 1978). In practicé. 

growers seldom use more than one release in -early spring, 

a.lthough a. second re1ea.se 'ma.Y be necessary after two weeks 

(Tiitta.nen, ,pers. comm.!. Scppes (1982) I;'eports -that three 

" introductions. onè week !l.pa.rt. of eight pu.paè per m2~ 

c~ntrolled A. gOSS1!Pii on.,' cuc~mb,er, which is twice ,as many 

a.a reoommended by BQndarenko a.nd Moiseev (1978)., Discrep:la.Dciea , 

in releue rates may be accounted for by differences in mea.n 
. , 

temper.a.tures,' a.nd by the fact that overwintered midge . \ 

popula.'tions contribute an unknown amount to a.phid control the 
-
following epring . 

• 
Finnieh groY/ers, most of whom tio not g:row ça'ope in 

midwinter, ta.ke e.dva.nta.ge of perma.nent. popu1atüms 

overwintering ~ soU (Ma.rkk~le. and Tiit'ta.nen, 1977)" For , 

other growers, such 8.S those in Norway, the dise.ppea.re.nce of 

the aphid pred~tors 8.f'J they ent.èr die.pa.use in la.te fall is & 

d{sa.dve.nte.ge (Hofsve.ng. a.nd H!gva.r, 1982). This 18 80180 a. 
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problem tn Cana.da.. where ~ost, grow,rs produce crops yea.r-round 

(<;tilke80n a.pd lUein. 1981). 

In~&t.ion with PeBticidea 

The etf~t ot pesticides on A. aphidimyza has been 

, studied to find, materials compatible with the use of midges in 

'intègrat.èd oontrol progra.ms for greenhouses, orch&rds. a.nd 

other' crops. A wide range ot pesticides haVe been tested 

(Ma.rkkula. and Tiitta.nen. 1976b,; Ma.rltkula. et a.l.. 19798,; 

Wa.rner; a.nd Cr~f.t.! 1982; Wha.1on and Elimer, 1982; ,S'eU, 1975, 

, 1984a,br 1985; Da.vid and Horsb\1rgh. 1985) e.nd it has been 
, . , 

found that most fungicides and a.ca.ricides, and sorne , . 
ineeoticide:s, ha.ve little affect on A. a:phi~imyza. This 

ma.y he because larv&e have a.n activa defensé system, exuding a 
\ 

'fluid t.hat wats the surface of the bo~ in response to 

irritation~ such 80S' poiSon particles (Uspchekov. 1975). 

Sorne reeist8.noo to orchard chamioa.1.8 wa.s found in 

populations from oult.ivated orcha.rds (Ad,ams and Prokopy, 
• f 

, ' 

1977b; We.rner e.nd Croft.; 1982). Moore (1976) provides a spr~y 

8chedule that oarn he intagra.ted with A. aphidimyza use in 

oroh&rdsi Taba.shnik' and Croit (1985) he. ve pu olished a. model 

for prediot.ing aquisition of pest.ioide res~st&n~ among apple 

pests and benefici&l insects, including A. a:phidimyza. 

-Other work has been oonduoted on effecta of pyrethroid 

compoundB '(Sukhoruohenko. et &1.. 1981). and insect juvenile 

hormones (El,~Gay&r. 1976), and 1 ha.ve investïgated tl:le affect. 

of insecticida.l 80ap on A. aphidimllza. (pg. 203) • \ 
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8Qr1'.ABIL1fi '0," A. APHIDIHYZA 10ft BIOLOGlCAL 

COInROL Dt GRBBNBOUSBS . 

Based on my w~rk, and the literature ched in the 

, previous review, the following adve.ntages of using A. 

o:phidimyza, to control a.phids il?- greenhouse crops e.re 

e.ppa.ren t., 

-1) Number of e.phids killed by each la.rve. inoree.ses with e,ph.id 

density. Unlike coccinel1ids, they kill me.ny more e.phids 

the:.n t,hey ee.'t when e.phids a.re plent.iful, yet can surviv~ on 

very f~w e.ph,ids if necessa.ry. 

'2) Adult midges e.re able ta looe.te isolatfd foci of J'phid 

infesta.tion,. ev en .in la.rge greenhouses. 
-

3) La.rva.e feed on 8.11 species of a,phi,ds found in 'glasshouses, 

and a.re excHusively aphidophs,gous. 

4) Unllke Ch-pysopa spp., la.rvae a.re not ce.nnibe.listic, 

except when. in a. sy..te of extreme st.a.rva.tion. 

5) perme.nent popule,.tions ca,n be ~ste.blished in greenhouses, 

even in those not hea.ted during winter. 
, 

6) Mass production is' ee.sy a.nd possible under e. wide re.nge of 

conditions. 

'7) Pupa8 stored in pea.t moss withst.and shipping e.nd ha.ndling 

we1l. ' .. '. 
8) Short terlrl) cold-stora.ge of· nondia.pe.using pupa.e and long. term 

~ " 

cold-store.ge of, dia.pe.using la.rve.e ia possible. 

9) Unlike ·pa.r~sitic Hymenoptera, midges can control a.phids ( 

. ünder qool. wint.er gr~OU8e condi!-ions. 

10) Use of A. aphidimyza caon be lnt.egra.ted with, insect.ioidal 

soap sprays, most fungicides, a.oa.riqides a.nd selected other 

greentfouse . chemica.ls. 

• 

• 
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The me.in dise.dva.nt,e.«e of A. a.phidimy%a. e.s t 

biologio8.1 control &gent in Ca.na.dia.n greenhouses i8 t.h&t 
~ 

la.rvae diape.use fu response to short dayle1\lgths in the f8oll, 
, , 

even in a. greenhouse, a.nd do llot el1Jerge again until spring. 

This 18 the centra.l problem ~ddreS8ed in my rèsea.rch. 
, 

RelM1vely low feoundi1.Y ha.s. been 011.00 aB 8. disa.dv8on1.8oge 
, ' 

(H8.rris, 1982), however. thi~ i.s mitig8.ted by the funation8.1 

response of l8orv&e ta ,high a.phid densi ties. Synchroni~ tiol'l; 

of generà. tions 8.f~er one rele8.lSe in 8. greenhouse ma.y a.lso 
, ' 

pose 8. problem, but.' this oe.n be 801ved. by successive 

relea8es. 

, . 
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·Die.pe.use he.s evolvecf.8.8 e.n esce.}:)e from unfe.vorable 
t;. l , . ,~, 

environmenta.l condit.ions (Dingle, 1978). Once thought to be a. 

,'8t&te of complete physiologice.l rèst, die.pa,use is now known to 

be a. genetice.l1y oontrolled state of low· metabolic activitY·. 

During di8opause, morphogene8is ceases, but physiologioal 

development oominues in prepe.ra.tion for subsequent active 

phases. Unlike quiescenoe, or other ·~emidorme.nt states t'hait. 

ooour. in immedia.te respo])sè te a.dv6rse conditions. 

physioiogica.l prepe.rations for dia.pause a.re me.de in adv8,Jloe; 

in respon88 to en vironmen tal cues' tha. t. signal a c:p.ange in 

·Ma.sons (Mansingh, 1971; Te.uber, .et 801., 1984). Induction of 

di8ope.u8e by t.he int.era.ction of 8evera.l environmente.1 and' 

physiological factors assures synchropiza.tion of insect l:ife 
" , 

'stage8 wi th t.he ~ea.sons for ,which t~ey a.re adapt.ed-

(D8onilevskiI. 1966). Therefore, in tempera.te and northern 

le.t.it.udes, where great se8.Sonal differences in climate occur, 

die.pe.use is an important. a.spect of an' insect.'s eoology. 

Diape.use) which mal" be faoult.ative or obligat.ory, varies in 

intemtity a.nd duration, and ooeurs in egg, larval, pupal' or c, 
, 

adul t st4ges. depending on species. The "di~pa.use ~yndrom~" 

(Te.uber et al.. 1984), ~8os been reviewed. by Andrewartha. 

(1962), Me.saki (1961), de Wilde (1962). Dan,uevskÜ (1965), 

Lees .(1968), Dingle (1978), Beek (1980) and 3a.uriders (1982). 

The physiolog,. of diapa.use ha.s been reviewed by Lees (1956), 

H80rvey (1962), Beek (1963), and Chippenda.le (1977);, Ma.nsingh 

(1971) outlines a. C'la8Sifica.tion system for dia.pause ba.sed o~ 

physiological differences. 
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Role ai Photoperiod • 
, 0 ' 

, Phot.operiod ia geners.lly reg~rded &15 the most important 

environmental faotor influencing diap8.1J.8e induotion. , . 

'Photoperiqd changes with saa.son and le.tFtude, but it ia 
, ., ! 

prediotable from yea.r to year in the "aIDe loca1ity, th~,· it 

is a. "noiee-free': indioator of "ea80n& (S~undér.8, 1982), M08t 
, . 

30 
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, , , 

tempera.'te zone insect8 grow and reproduèe during the, l~da.Ys 

'Of, su~mèr, a.nd re8PO.nd to decreuing faU da.ylengths by, " 

prepa.rin,g to çlia.p&U8e. This "long cla.y" phot,pperiodic respon 

i8 the most common, , but there are speoies. 'with "short day" 

relJpanses. "tha.t dia.pa.use in summer ~nd a.re· active fr~m "fall io 
spring. Sorne exceptiona.~ species diapa.use in s'ummer and 

, 
winter. and have both types of photoperiodie responS8 

(Da.nilevstdl, 1965; Saunders, 1982). 'r 
An import.a.nt concept 115 that' of oritical photopel"iod, 

"which la the photoperiodie 'régime tha.t indU08S 50% of ... 
individuals in a. popula.tion ta d1iapa.us6 (Lees, 1956), For a. 

p~rticular àp~les in: 8:- givel'l. loeality, there 115 usua,lly a, 

well defl~d eritioa.l da.ylength, that m~rks a. ahift in Most :of 
\ 

the popula.tion ïrom diapauae to nondiapause 
. 7 ' , , 

( Danilevskir, 
.. 

'1965)", In a. few spacies, a. diff~n~ of 10-15 min in 

. da.ylength a.round the cri tical photoperiod i8 enough to shift 

. mO&t of the papule. tiçm from one developmen tal track to the . 

'othex-. In most, however, a. change of one hour i8 neeesse.ry to 
><0-

,effeot thia ahift (Saunders, 1982). 

In ma.ny species, the photoperiodic reaponse à.etue.lly 

'depends upon cha.nges-in night length, 're.ther than da.ylength 
\ .... . 

'(Lees, 1968; Beek, 1980), Thus, breaking up long nights, with 

light pulses 8.t oritics.l periods, preventa dia,p8.use in species 

" , 
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suoh 80S the t.urnip sa.wfly, Atha.tio. '1"oso.e L. (Sâ.Hnger, 

l' 

i9$3) J and the Indian meeJ.~ mOth; Ptodi'a in't6l-l?ûnct;tta 

. • 

HUbner (lUkukawa and Mas~ki. 1984). D8.y,le~1.h is import,ànt \ 
'. ' " J ~ 

however, for if it is too shor1.,· the de:.rk' phase 
b - - " 

becomés 

·ineffeotive 80S a. 'signa.l ~ (Leés, 1968; Beek, ~980), Thfe we.s· .. 
, \. 

., ' 
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• 1 

, .: ·1 
• 1 shown in P. inte:rpunctetta, in whioh 'full expression of 

• ~. • ~ "" " ~ 1 .' 

~, .' , i 

the d1e,pause response depends on both ,a. minimum dayle~gth 'and 
, .... 0 

a. niinimum night,length (Kikuka.wa a.nd M&8~ki, 1984) .. 

The ooncept of- crii.ica.l pho1.operiod 115 based (:)n the 

&8Sumptlon 1.h'a. t the insect' ~,receptor 'eye~em ~a.c~ :t;.o' 
~ e 

absolut.e da.ylength·, ra.1-he~ thàn to progress.~';elY iJl.6re~i.r.Lg or . . 
decireaaing èlaily changes in pho1.operiod (Beek, 1980). ThÙ5" , .. 
assuinPtion is proba.bly va.lid' for' spècies with short 

photœerisitiv8' et.a.ges' (de Wilde, 1962).' In o1.hers~ such as 

univol1.ine species with prolo~ Phbtosensi'~'ive' stages, ,-there 
t ,.. 1 r 

1a' no oha.radteristic ori t10al 'photoperiod threshold, a.nd i 1. i8 
1 

the 'direotion of 6ha.nging d'aylength t.ha.t bec ornes importa.nt 

(Danilevsit 1965; Ta.uber a.nd Ta.uber, 1970; Beck,( 1980) .. 

In most species, photesensitivity is limited( ,!-o ~ne, or e. 

few, inatars, and doea not encompa.ss the en1;.ire life cycle (de 

~iideJ' 1962). When tp.e senai:tive stage is limited to one 

inst.a.r. only.. a. few photoperiod, cycles ma.y be necessa.ry to' fix 
~ 

the developmental pa,thwa.y., Photoperiods tha.t promots growth -

a.nd a.cti vi ty, ra ther tha.n dia.pa. use, tend te override effects 

of dia.pause induoing photop~riods; a few long days à.~ the end 

of the s~nsÜ,ive stage. ma.y cancel the effect of earlier short 

da.ys '(Dic'ksbn,·· 1949). 
~ 

In sorne inse~ts, the durâ.tion of the photose~itive -per~Qd ; 
.. 

-e.nd the number of short da.y, éycles neoeasary to induce 
'. 
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I"dia.~uae, are 8eP6rate fa.ot.ors. This wu demonat.ra.t.ed il?- t.he 

':t'leah fly, z11a.~co'Pha.ga. a.rg1:l~ostoma. (Robinee.u-Desvoidy), by 

. (. 

.. .. ~'. ," 

a.rt.i!iè'i~llY prolonging a.nd short.ening the la.rvà.l 

'. ' ' ': ... -~ph.:tos~itive) ':' period. A bigher incidence of die.t\a.use • 
, :: \ ',~~ : , ' \ '1, ' 

'­.' 
'" ~urred in larva.e with prolonsecl.developmen.'t;. pe~iods, beca.us~ , . . 

t.hey. e~pèrienced more short de.y, di8cP6USe induc~, c~cles. 

t.han, ~~d le.rv&e wit.h shorter development ~oda (Sa.~nder~~ . 

: 119'15e .. ). 
Q • ' 

It. ia intport.a.nt. to dist.in,u~h bèt,ween - photoperiodic 
() ~, 1·" ... • 

, . ',~ ';~ductio~, which ia a. reversible- 'P7oo~ ocourrlng durihg 
. 

senait.ive st.a.gea, a.nd, tbe',photoperioclio rapénse, whièh' 18 the' 

'rea.ction within the i.naec.t. endin" in' diape.wse (de 'WUde, 

1962). Sensit.iv$ st.a.ge .and r~ponsi'Ve stage, e.r~ usùa.llY;,-

" ~.' d~ferent, and mal" be widely SèPMe.teq.. !for ex ample} eggs and 
J':/, ,'" '~. _" _ . 

, "young la.rve.e of t.he vine t.oM.ricid, Pot1loh~oB'is bo-t~a.nœ, 

(Schiffermueller), are phot.osensit.ive, bùt. diapa.use 'coeurs in 

the p'upal st~ge (~, 1968). ~ A 'more ext.reme ex&mple of this 
( 

'sepe.rs;t.ion is me.teI-nal induction of dia.P6use~ i~ whieh 

') environmenta.l stimuli experie\ced by a female j,.nfluences -t.he' 

\ _', ,~ev,lopment'&l pé:thwAY of offsprin; (R1~ 1~6"'? 

, ' . . ' 

, . . -.. ~ 
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, In a.ddition to photoperiod, light. intensity a.nd spectra.l , 

qUè.lit.y are in volved in' t.he photoperiodic induction of .. 
di'&.ps.U8e. Early work ori domest.io silkworm, Bornb1l:t: rno:ri 

(L.). showed t.he.t both e~gs a.nd;le.rv&e responded t.o light. 

• leveis of 0.1-0.8 lx (Kogure. 1933). Harvey (1957) noted t.ha.t 
" 

low light int.ensity result.ed i!l- a higher dia.pa.use inoidence in 

~e l1nee of ,the SPr'jt budworm. Cho2>i~"""~ .fUmif .. ;"'n" 

(Clemens). Subsequent dat.a. from va.rious exPer1ments suggest 

. 
t.he.t. intensit.l' thresholds :f'or photoperiodic dia.pa.use resp;mse 

tJ" • "f 
. '" 
. ~re a.s low a.s 0.025-25.0 lx in ma.ny inseots (de Wilde, 1962; 

, Lees, 1968; Saunders" 1982). The' intensity \hreshold lS 

. usua.lly \. highel' than moon light. (0.04-0.28 uW 10m2, .. or 

0.1-0.7 lx), while being below t.hat o:f' a.va.i~able light fot. 
.,~ 

Bunri.se' a.nd 'sunset. (de Wilde, 1962; Sa.unders, 1975b, 1-982) . 

Theae threB~olds &~ ~ot. Bymmetrio, &8 shown bl' Ta.ked~ a~d 
• l ' 

M~e.ki (1979).~, ,fô~nd t.~&t da.~ t.hresholds Ü lx) were 

'lower than at. ' ~ (10 lx) in faU webworm/ Hypha.nt'l"ia. 
• • 1 

cunea. D~l'. A simiia.r ·à.sYIJlluetrl ocours in the parasi tic 

, Wa.sp,l Nasonia. vit~~nnis (Waiker) (Se."9nders, 1975b)r. 

33 

j • ~ , 

Than thresholds occur approxi.m'iefi 40 "min; be:f'o~e sunrise and 
. ./ . 

u'-' '. 

ao min after sunset~ thus, for pra.ct.ica.l purposes, effeoiive 
• 

photoperiod oan be oa.léttl~ted bY' 8.dding periods for oivil 

.twilight to the hO\lrs trom sunrÜe t.o sun8e't. 

Determination of light int.ensit.ies and spect.re. a.ct.ually 

~xperienoed by inseote is oomplice.ted by the faot. tha:t light. 

,must. penet.r~te hea.d capsule cutiolee (and CQCOons of pupat.ing 

stages) ta x:t'ta.ch recept.ors in the brain. In the oa.k ·silkworm • . \ 
, 0 

Jln'tM7'a.~a. 'pettnyi Guerin-Meneville, <0.5% of' the light 

~ . . 
: 

'" . , 

", 
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st.rikinC the oocoon eXt.erior réa.ohes ,t.he br~n' (~~li~s,·, e~'_ 

al., 1965). !or species pupatin, Ül soil or bt1rrowi~. iJ?/ 
o 

fruit. light intensity is further red.uced and 'speotra.l que.lity 
'Jo. , , • ~.' 

significa.ntly a.lt.ered in their habitat < (Se.unders., 1982). For .1" 

, , 
l&rva.e of the- Oriente.l fruit moth. Gl-Q.photitha. =motes"ta; 

(Bueok), inaide ~pplea, Di~kao'n (1949) tound--;t.he.t' e.n inténsiiy;; 

of 32 lx. striking a.n e.pp1e eurfa.ce. e.ffeoted diap&use 
• I}f-I" l' 

indùotion. -La.ter mea.suremen:t.s of lig~t' levEÙS im~ide a.pples 

showed t.ha.t 32 lx on the butaicie deolines to 1.2 lx a.t the 
- , 

interfloe of core and pulp (Prokopy~ 1968). 

Spebtre.l qUe.lity of light·is import.a.nt in dia.pa.~se 

induct.ion beoe.~ moet speoies of i.nseots are sensi ti vs to 

, , 

" blue ligP.t. from 36~ Dm nea..r ~tre.vio1et (UV) to 300 nm' blue 
.'1.-; 

(reen, but not. t.o lOnCer wa.v~l~n.g:t.hs (de Wilde. 1962; ~s. 
( , , 

1968; 8e.unders.. 1982). 

P~s bt-a.ssio<w (ta.), 

This is' -shown in, the èa.bba.ge whlte, ~", .' ,. ' in which UV, creen' and y.ellow 11,ht ", , . , 
t:) ... Il • 
Q,. • 

spec1ira had ~he same effeot &8 white lifrht. in inàuéing 
" , 

.die.pe.use, but red 'ha.d no effect {V\Ûlla.umè, ~ aa:~ 1974). -In 

a rela.ted species, A:zr'tog~a, z-a.ptUI (L.), dia.pause wu 
Q , ~ , 

" , ~, 

aveM.ed under 10nc da.y, hig~ UV concü.tions, but 10-30% 

dia.pe.use océurred" when low UV wu' u.eed wit.h the sa.me 
, \ . , ' 

phot.oPeriod (Thoms a.nd.. Philogène, 1979). Al though most iIiSects-
• t • \. 

• ,( 9 

1 det.ect. only blue liCht,' a few '8pecies respond t.o l'ed light .. 
'10 ' 
(>600 nm) 1 Ba.unders,'· 1982). 'Fourteen hours of red light (640 

\ .. " 1 \<) 

nm) inducéd 51" diape.uae in 'the pink bollworm. Pectinopho'PQ. 
.. l1li C":I 1> 

90sSVPietta Ba.unders,· whe~~ 12 'h (620';un) ~duced 98%' 
, " 1 ~ 1 , 

dia.pa.uae, showi.ng tha.t larve.e oould det.ect. the difference m 
length of li'ht ~riods (Pit.~endri"h, pt. ~l., 1970). SimU~r 

~ '\ l \ 

" resulta were obtâ.ined with N. vitt-ipennis (Sa.underllJ .. 

". , " . " 
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Q'" ~".'.- ~~~"! ':" , ~' ,;3 5, 
, , or, 

,. • ,1 ~..... ' , ' , ;, ' ' ''. .., , :1 bP" 

P, , :' '1982},. lt. ia, Pôàaible. .. ~~hat' i:nf~~red ~ ~iR) ~e.di~ti·On· a.lsO pl~Y8 
... r ~..I' """~' ,-B\'" -.... ~~ ... ~ ·I:I .. ,~~;J·, '.. .I·· .. \, 

~' role in diapause induct.ion, sinee', U;'.'penetra:tefl lea.ves, 

, ; v~~~~~:m~~~.- we.7e~,· ~apo~r ':~n ~ 't.~e'- &ir' '~~ci '8o~e, wood .~ 
JI 'te 4J 

,<'c~a.l1e.ha.n; 196~) " <' 
, / 

,'a; 
~ ", , .. , ."t\. ~ ~, : 

\ ~ -' 
." . 

, , 
\ 

~e~ureinen't 'Of illumin~nce in lux. i~ 'ba,eed. on' 'th~ ~peotra.l: 
~ • ' , l ' .' , .., t Dl 4-.. ~ 

:, .... ise~i1iivi'tY of t.he huma.n, eye ~d' ia not. a. ,m~urement :.aL 1:.0';'1 
,,' ::," ~ • -, , • \. ' , • 1" l " ~ • 

' .. ,energy, or 'ix"ra.cüa.n061o ',which',i8 'mea.ured in wa.tts/m2 . ~ ~ ., ~-

. , 

(W/m2), The two_, m,eu.ur.ement.s 08.1'1. only he ~U&ted &1., 
!, , { .. ~ ~.,. ", .. 

: 

• . : " w~veiengtha :of' 400-700.nm (de"-wiide, 198~).· Beo&use· .insecte 
1 J • \ 7. , 

,'Il 

... 
'~ 

1 

• ~ .. , .... "l' •• : f' ... 

. ': 'me.y rUpÔnd" te epeot.r~ ou~iqe t~ range, 1t ia preferable 1:.0. 

~ . ' , 

" , ~~~ "irr,.~ii&nce ln indtenaitY eX~rl~ën~. tPb,tl~,~ne~ 1982). 
" ." • 4 

:" '·,·Tb.:i:JJ •. ts' :im~~n't~'1n ~~nmenta'. usinl eir'iifi~ia;~ li.gh'tinS~. 
, , • ~ " ~ \". ,'. ~ c ". 

• ~ ( {(U ~ 

. ' , . bec&us., light sources d-iffer iri ~ 8tJeo'trum &nd in,'tensi 1'-y. 
• 1 ~'.' fil. Jo \ " 0 

-~. , B'ole of ~ &Dd ~PmL~ure';. '~-, " ~ 1 
" " , '. 

" ". 

T~e role ot t.berlnoperiod ïn dia~Wse' Wd.uc'tion~, recent.ly 
~. '.'\1 ': ~""'" '''-.... l 

,reviewed. by Beek" -(1983) ~ is uau,.Uy suborctina.T.e t.d, ana '1 ", 
) " , 1 , , , 

, modi:fie~· t.lUt of, phot.operiod. A 'd&ily, 'te~Pe:l'à.~~re oycle, 
. _ ", .' l ,lo '. ' '. ," 

". ho,!éver, in 'the &~noe of' ~'" Ù,b:t. oy,ole .. oan 'siln:,Ja.'t.e the- ': 
" , .;~. • , ~ .' I·~ 

'effect. of phOtoperi~ in o~in~uci~" 01' pr.even1i~ng" ~i8.Pfu~, "in' ~ 
• • " .. Ir' .) - ! w • .. ., t ... "" 'p f, 

.' severe.!;speoies (S&undera, 19?~,',J982i -Beek,. 1982':' 1983)., ", 
1 ......1 A • ~) ... ~'. lJ 

.!l'hermp~rlod~o :cô~troi ' of (ij&P&\lq h.- ~n d,~o.n8tr~~~ :i.~~ 
..' f" \. '~ '.0>, .', ,,~ 'II" , ' 

• 
• 4 

" 

,! •• 

.. . , 
" 

bo~er .... Diclt~a.6êt 9~(J,ndjos."t1.a oY&r ' '. -i: ' .:' ,. Ith~ ,'southwesiern corn , -

,~ 

. ~ 

'.(ohiPi>enda.1e, et. al.;' 1976), 'the' pitcher pla.nt. mosqp.itO, .' 
• ... ~ • '" , l, 

""'flo.~iia. . s;"ï~h.ii ~uUleti (Bre.àsh&~; 1980), P.;,l,zois'· :, ' , 

b~~sio~6 (Dum<;>r'tier ca.nd JFunnariua,' 1981), Ptodia"-r, 
" 

, .~ ~ ...... 

ct>rn' 'berer, Ostzoin'ia nubitaHs (HUbner) (Beek;, '1.982), ....-.:... 
, ~ . ; '. . ,,' , - ' 

\ : Photoperioq, e~~eots 9~ c1i$oP.a.UIISe &fe, ~ually intè~~~ie~ 

: whèn the cool pb:~, of a thermoperiod ooïnoide. with 

... ·f ." \ . , 

J '. . . :-
/' J 
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sootophe.se. and ·a.rè redùoed when the Y(a.rm pha.se ooinoides',viith • 
sootophase (Roaoh and Adkisson,. 19'70; Gibbs. 19'75; Beok. 1986. '. 

19"83). The effect of. temperature on' thermoperiodio 
\ 

,~ det.ermination 'of di&P~use is quite compiex. but night" 
'" '" . ~ . " 

'. 

l , , ' 

t..ernpe~atures appea.r to be 'more i~portant than des tempere.tures 

(Saunders. 1982; &ck. 19'83)" s.lthough thermoperiod it8e1f is' , , 
a.lso'importe.nt. In o. ,nubit.a.tis, die.pa.use incidence' , , 

,depends on dura tion of the cryophaBe . below . a. thermope.riodio .. . . ~ ~ 

response thr.;tshold tem~rature of 17.50 C (Beok. 1982), 

, e.nd this type 01 r~8ponse may he true of other spècies 

(S~unders.1983). The die.pa.use thresho1d temperature was shown . , 
t.~ be sèpe.ra.'te from development rate in o. nubitatis, by 

rea:rine; larva.e under "LD 12: 12 and me80n temperature Qf 
. 

200C (TC 10:300C). which resulted in 99~ dia.pa.use, 

a.nd compared, to rea.ring them under consts.nt 2000, wh1èh 

resuhed if? only , 5% diaps.use (Beek. 1982). Further 
~ , , 

investigation of temperature threshold effecta on dia.'pe.use in 

this species showed tha.t -induftiO'n of diapauae ws.a strong!y 

influenoed by cryophase tempere.tures below'17.5o C, when 

thermophase temper6.tures were rela.tively high, but wa.a 

influenced' by thermophase temper80tures when cryopha.ae 
, ' , 

temperatures were nes.r ()OC (Beek, 1984). 

~ strong i~tera,ction b'etween temparature a.nd pho~~riod " 

is known iri many species. Long da.ys prevent dia.p80use at low 
- , 

tempera.tures, and high te,npera.tures Qounters.ot' the affeot of 

short. d80YS in apecies Buch s.s C. fumife'l'ana (Ha.rvey, 

1957). In most insects, deerea.ses in tempera.ture tend, to 

'increa.se ori tica.l dayleng,ths for dis.p~use induotion (Leea.. 
'" 

1968; Beok, 1980). In contra.st, a. few species, such 8.8 P. ' 

. , 
, : 

\ . 
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b2"a.ssi04e;. have a témperature compen8&ted, reepo~se over 'the' .. 
~ , "" (o. , 

normal ra.nge ot tempera.tures experienced in nature 

«SO?C). Pho'toperiod' 'response is inde pendent of 
. '1 ' . ' 

t.empera.ture. insuring tha.t 100a.l populations ent.er diap&use e.t 
'i . . 

the ,correct time. r~~a.rd1e88' 01: tempora.ry wes. ther oondi tions .. 
'(Lees, 1968). 

" The complexity of t.em~rature a.nd pho~riod rele.tibns 

me.y ~ due to different tempere.ture coef'ficien~~ for ligt,rt a.n,d 
~ . \ . 

" 
da.rk pha.se physiologica.l processes (de Wilde. 1962). 

- 1 

Pittendrigh's (1981) pa.cems,ker-ala.ve oacille.tor model offers 

a.n ex:ple.na.tion of why critical de.ylength ia temperature 

dependent., beca.UlJe t.empera.ture s"ff'ecta phase' rela.tionshi})8 , . . 

bet.ween pa.ëema.ker a.nd sls.ve oscÜ1at.ora and a.mong slave 

oscilla. tors. 

'Bol.e of' Diet 

\ 

. ' 
-Diet 'is known' to modify. affects of photoperiod a.nd 

tempera.ture on '-diapause induction. pa.rticular1y in .. 
1 

phy:;topha.gous speciès, where it.. ma.y he ~ major influence 
. - . 

(Sa. unders, 1982) . Diet&rY -et! ects a.re often only detected in 
" ~ , 

populations u~der crit.ical.photoperiods. when sma.n 

phY8iolog~ca.l ohs,!lges ma.y ma.ke a. large difference in 

expre88ion of, 'diapau.se'. Food scarci t.y inorea.ses âia.pa.use 
l, • -.. 

incidence in the m08Quito: Aec!-es "tnse:zoiatus (Say) (Beek, 

'1980), the lacewingl Ç]J.'X'1IsoPa. moha.ve Stephens (Ta.uber and 

Ts.uber, 197.3), the mot.h. Eph.estia. c<;tutet.l.a (We.lker), 

(Hagstrum a.nd Silhacek, 1980) and the preda.tory mite# 
\ 

Mtrtaseiu'tus ooc-identatis (Nesbitt). <'ield and Hoy, 1985). 

Although thes8 s~~ies responded t.o ~ta.rvation" with an 

increased tdndency to diapa,u8e, in others. 8uch - a.s the, 

\ 
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phYtopha,gou8 1.adYbeetle, Epilachna V'fliTlt~oot;opuncta:ta ' 

'(F.)" a poor ~uaiity diet 'prevented di8opausEt, proba.bly beo&'Use 

nutritione.l defioienoies PI"evented oomplete fat body 

development (Kono, 1979). 

Dietary compon~nt8> 80S well as moisture content, ms.y a.lsO 

" a.ffeot diâ'pa.use. Differénoes in 'staroh' content determined -.. 

whether diets for the tobacco moth; Ephestia etutetta:' 

(Hubner), induced a. high incidence, low inoidence, or a.bse~ce~ 
- , 

,of diapause (Waloff, 1949)., Increasing lipid content ln diets 

of p~ gossypie1,ta, increa.sed cüa.pause incidence (Adkiason. 

1961; B~ll a.nd Adkisson, 1962; ,Foster and C:rowder, 1980), s.a 
~ 

did deoreasing moisture Qontent (Raina. and ,Bell, 19741::», when 

photoperiod a,pproximat.e:ct cri tical daylengths. Adding gl;lfCerol' 

ta . diets for the Medi terra.nean :flour moth" Ephestia 

ku.hnieUa Zeller, decre80sed dia.pa,uae inoidence (Cox, et 8.1., 
, 

;>, 

1984). Sugar a.nd protein leveis in die~s of the boll weevil, 

Ant:honomis gl'andis Bohema.n, a.ffected dia.pause inoidenoe 

(Tingle nd 'L~oyd, 1969) and higher a.mounts of vi ta.min E a.nd 

~holesteiGi iJi1" diet of ;the a.rmyworm, ~etiothis armigeI"a ' 

(Hubner), prolonged the larva.l sta«e and increased dia.p~u8e 

inoidence (Nikishina, 1973). 

There is sorne 1 evidence tha t dia.p~use incidenqe in 

pr~ds. tory and para si tic species ia also' a.ffected by q uali ty of 

prey,. and indire~tly by 'diet' of prey. Dis.pa.use incidenoe in 

'the endopa.ra.site, Eimpta i.nst:igatoI" F" was markedly 

higher w~en they were reared on the caobage mpth, Ma,mes"t.pa 
, 

bras,sicae L., tha.~ when reared on P. b'Passicae, which 

e.ppa.renuy resul ted trom nutri tion.a.l ditferences ra.ther ths.n 

differences in hoat size (Clé.ret a.nd Oa.rton, 1975~. The 

'. 
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nut.ritional effect. is 1'J].ore obvious in the pred.a1.ory mites, 

.4mbtyseius potentittae (Garman), whioh were not able 1.0 
, 

dia.pa.use 'when fed on albino mutânt spider mites, le.cking 

vita.min A and carotenoids (OVermeer and van Zon, 1983; 

Veerm8on, et aL, 1~8.3). 

A oommon ditferenoe in bebe.vior a.nd feeding bet.ween , 

dia.p&uee and nondiapause indi viduala ot the same ep8ciee, i8 
" ,. ~ 

'jà 

39 . 

that- those orient.ed towe.rd dia.pause tend to ee.t more a.nd t'ead 
'" 

longer ths.n those not q,ia.paueing. This ie oons:i8t.ent -with the 

tleeds of \diape.:using individua.ls foI" extra. acoumulations of 

reserves in -f8ot body and oth~r stoTa.gS tissues (Lees, 1968). 

- 1"eedinfl of predia.pe.use cereal lee.f beetles, Outema. 

meta.nQpus CL.>.. WaB signitioantly ~reater tha'n that of 

" 
nondia.p&use beet.les (Wel14o and Boxie, 1981) and die.pe.use 

orien ted la.rve.e of . Pectinophoz-a flOSsvpitttt.a were hee.vier ' 
, -

and had 8. higheT f80t cOntent. the.n nonc;lia,pe.use larva.e 

(Adkieson. et .801.. ·~983). 

• 
-, ' 

.,. 

'Iv 

, " 

, .. 

---



.' , 

~ --

, -

. , 

" 

40 

DIAPAUBB DBVELOPUBBT AND TBR~ATIOlf 

Andrewartha. (195,2. pg~ 43) defined dia pause deve10pment 8.S 

"physiological' development or physiogenesis, whioh goes on 
. , 

durihg the die.pause stage in prepa.ration for aotive resump.tion 
--.. ' -

'of JIlorpnogenesis". This is synonymous with Baok's (1980) term, 

"dia.pause termina.tion", f;Lnd is inf1uenced by t..he interaotion 

of such -rate cont..rolling f8.otorB as photoperi6d;·, tempere.~ure, 
, ' 

moisture, aensory stimuÙ and nutritive faotors. In nia.ny· 

speoies, aven those with ma.rked photoperiodic resPDnses' for '. 
diapause induction, this response weakens or diss;ppea.rs during 

diapause a.nd a. period of' ohilling (O-10oC) iB required 

r 'for dia.pause deve10pment to procaed (Da.nilevskil, et a.1., 
• I~ , , < ~ .. ' \ 

) 

19'70). Photoperiodic sensitivit~ continues into diapa.use· ~nd' 

governs dia.pe.use termina.tion in 'sopie speeies (Lees, 1968; 
, . 

Sa.unders: ,1982; Bunnar1us and Dumortier, ~984). Developme~t.. 
'. 

ma.y resume in reaponse 1..0 another cri tical photoperiod 
~ <" 

threshold' in sprinlt, or dia.pa.use ma.y be photoperiodioa.lly 
. 

reversible -'a.t 'any, time (Lees, ,1968). 'In A. pernyi, 

dia.pa.use ea.n be terminated by one hour ligpt ~a.k8 during thé 

da.rk phase _ (Hayes. e't 611., 1(74). Long days me.y h.ten 

.., die.pa.use development a.fter ohilling" 80S in E: etu-tetta, in' 

• whion there is a. complex in1;.era..otion 'between chilling, le.ter 
, ,\ 

development temperatures a.nd photoperiod (Bell, 1983), or long 

da.ys a.lone can termine.te dia.p8.use without ohilling, as in o. 
" 1> 

nubita.'tis (Mcleod a.nd Beek. 1963), w. smithii (Smit.h a.nd 
" 

Bru6t, 19'71), a pi tcher plant mi?ge, Met'l'ioonemus, Op .. 

(Lees, 1968), and the bea.n bug, Ripror"tus ctavatus 

Thunberg (Numa.ta. an~ llidaka., 1982). 
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Chilling often synchroni~s emergènoe a.fter diap&uae, but.-

it. ma.y not ~ neoeS8&ry far dia.pa.u8e development.. Inetea.d, its 

effeet me.y be ta decreasé the metabolio re..t.e to oonserve 

enough fe..t body reserves te insure morphogenesis af'ter . 
1 . 

,diap&u&e' (MoLeod and Beek, 1963; Beek. 1980). T&uber &nd 

# 

Tauber (976) suggest that tempera.ture 'thresholds for dia.pa.\.lS8 . 

development a.re v,ery 10w at the beginni~ of dia pause, rl.s;ng' 

&s diapa.use prooeeds, until they r.ea.oh the thermal threshold 

for morphoUnesisJ- e.t which time dia.pe.us'8 is. compl~te. For 
• " ma.ny 6pecies. die.pe.use development, me.y be oomplete bElfore 

ne.ture..l daylengths are long enough to termina.te di&pe..use. so 

photoperiods do not termine.te di..s.pe..use in the field (Beek, 

1980). It is not known why' species tha.t do not rely on . , 

photoperJ.od for di&P~use termina.tl<;ln in ,nature, such ,as P. 

b'Passica.e J eihi bit distinct photosensi ti vi ty ~nder 

la.bora.tory conditions (Brunnarius a.nd Dumortier, 1984), 

GEOORAPHlCAL VARIATION IN DIAPAUSE 

Loèal differences in olima.tio conditions, aoting on 

va.ria.tions in geneti;p constitution of 100&1 pèpulations, a.re· 

uaueJ.l;1 ~sponsible - for geogI'a.phical differenoes in diapause 

inoid~nce a.mong geographioa.l r~ce~' (~&8a.ki/ 1961), DUfereno,es 

in critica.l daylength fo_r dia.pa.use induotibn e.re assooi&ted 

wi th l&ti tu~ina.l 'changes in photoperiod in ma.ny species; 

1 inten8it~ of photoperiod responS8, a.nd affect of temp'er&ture 
, . 

o~ tha.t reePOnse. m80y also vary from a.rea. to a.rea (M&eaki. 

1961; de Wilde, 1962; Beek, 1963; Da.nilevskil, 1965j Lees, 

1968j Danilevskil. et a.1., 1970j Denno and Dingla, 1981; 

Saundèrs, 1982; Tauber. et 801., 1984). The differencb between 

geogra.phic ra.ces Wa.s shown in e..' compr~lien8i ve study of 22 

l' 
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popula.tions of H. smithii, whio~ found" the.t latitude" 

a.ooounteP. for over 80". e.nd e.ltitude for over 15%. of 
j 

v&ria.tion in critioa.l photoperiod (Bra.dsha.w, 1976). Loca.l 

populations e.da.pt, to' incre$8ing e.ltitude beca.use it lS 

olima.tio&Uy a.ne.logous to moving north (DanilevskiI, et, aL, 

, 1~70). Tempera.ture ma.y be more important ths.n pho"t.operiod for 

diapa.use inductiOn 'in 100&1 pdpu1a.tions, e.8 W&S found in "t.wo 

of ten re.ces of O. nubîtatis trom different ls.tit'lldes 
" 

(Beek and Apple, 1961). Genetic di vergenèe, ra.ther th an 

&dapta.tion to different photoperiods, ma.y also a.ccount for 
, ' . 

geocraphica.l varie.tion in oritl-oa.l da.'ylengths (Ando, 1979). 

Differences in dia.pa.use response betwee~ geogre.phica.l 

re.cés ha.s ~en studied in the Europee.n SPruce ae,wfly, 

Diprion h.ercyniae '(Hs.rtig) (Prebble, 1941), O. 

nubiZa.tis (Beck e.nd: Apple" 1961), Â. g'l"andis (Ea.rle e..nd 

Newsom, 1964), AnopMtes ff06~bo'l"ni Aitken (Depner a.nd' 

Harwood, 1966), Manduca Stlrta. (Johannson) (Ra.bb, 1969), 

P. gossypiet.ta (Ra.ina. a.nd Bell, 1974&), Sa'l'cophaga 
,f, 

PtlfOtI\?rina Robine&u-Desvoidy (Kura.he.shi and Ohte.ki, 1977), 

Dzoosophita. tittozoa.tis Meigen, (Lumme a.nd Oika.rinen, 1977), 
-

P. int61'pu.not6'tt~ (Bell, et al.. 1979; Bell. 1982), 

4troohya menet:z-iesi (Ando, 1979) a.nd cattiphora. vioina. 

Robinee.u-:Desvoidy (Zinov'yeve., 1980). 

Geogra.phical va.riations in 1ia.p&U8'e • ~e most likely to 

arise in SpeCi8S with & f&Ç)ulta.tive- dia.p8.use. They' a.re often 

multivoltine in 8Outhern' pa.rts of the1r range. witn the number 

of genera.tions peI' sea.son deeree.slng MJ la.titude inoreases 

until they e.re univoltine in extreme northern re.nges. Northern 
o • 

inseot pop~ations have & strong tendency~ to d.i&~e over e. 

1 
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w~de ra.nge of ext.etna.l conditions oompared wit.h lSout.hern , 

populations (de Wilde, 1962). Higher tempere.tures may 'he 

required ta avert dia.ps.uae ths.n in southern popula.tions 

(Ma.sa.ki, 1961) , a.nd photoperiod is U8u8.11y a. ver';! strong cuè 

" b,eca.wse sea.sons are well Jefined, at hisher la.titudes, where 

differences in daylengt.h a.nd ita ra.te of oha.nge are rela.t-ively 
> ". 

,la.rge .(Sa.unders, ~98~2). With every 50 in~re8.8e '~Î 

la.titude, Ds.nilevskii (1965) found tha.t critica.1'i}lhotoperiod 

,ie~er8.11y ~~rea.sect by 1.5 h. 

Theoretica.l models for optima.1 timing of diapa.use ~e, . 

given by Cohen, '(1970) and Istock (1981) . 
, 

GDfBTIC S~LBCTIOH roB BOlfDIAPAUSB 

Na.tura.1 popula.tions show a high degree of intrapopula.tion 

'va.ria.;tion in tneir dia.pa.use re8ponse. The c)ccurr$~ce- of 8.' few 

nondia.pa.using indi~iduals in a popula.tion i8 the basis for 

a.rtificia.l se1et?tion for nondiapa.use (Lees, 1968; Danil~vskil, 

et a.1., 1970j Herzog a.nd' Pl;l111ips, 1974; Hoy, .1978bj Ts.ubèr 

and Ta.uber, 1981), pa.rticu1a.riy sinc~' ina.clvertent selection of 

nondia.p8.using le.bora.t.ory Unes has occ~rred rela.tively .. 
traquent1y (Hoy, 1977). The spruce budworm p&rasitoid, 

PSltudosarcop'haga. affinis Fa.llen, 10st its ce.pa.c~ty to 

dia.pa.u8e during 200 genera.tions, of 1a.bor'&tor,;! rearing (House, . ~ 

1967), e.nd dia.pause dropped from 96% to 10% in 8. line of G. 

motesta. a.ft.er 60 generations in the 1abors.tory (Glass, 
, 

1970). A similar in~vertent 1088 of dia.pe.use ha8 occurred ,in 

le.bora.tory 1ines of A. grandis (Lloyd, et 8.1., 1967; 

, ~oCGY', et e.1., 1968), the blowf1y, Lucitia caesaz- L. 

(Ring, 1971), the western 8pruce budworm, C'hoI"istoneupa, ~ 

oocidental.is Freema.n (Lyon, et a.l., -19"72), t.he penta.tomid, 
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Aeti<:t acumina:ta. (L.) , (Hodek &nd Hon~k, 19'70)' an4 È. 

, . kuhni6z.ta. (Cox, et aL, ~984) . 

Int.entiona.l selection for nondia.pa.usè lines he.s been, done 

for severa.l rea.sons. They: h80ve been used in crosses wi:th 

qiapause Unes te study dia.p8ouse geneties (e.g.. Ando end' 

. Miy,:&, 1968; Sil'n6, 198'3), or t.o provide continuous labora.tory· 
, 0 

cultures useful' in other resea.reh (e.g., Ha.rvey, 1957;...../ 
~ 

Ba.erwa.1d 80nd Boush, 1967; Piokiord and Randall. 1969; Hoy • 

44 

.' 1977) . .Releasing nondiapausing lines of pest speoies in the 

" 

, , .. 
fie14, to oross with lace.! popula.tioII~ and prC?duoe of'fspr:ing 

no longer e.da.pted to the area.. hs.s beén suggested 80S a 

potentia.l cOl}"trol method by numerous authors (McCoy, et aL. , . 
> 

1968; Ra.bb, -1969; Klassen, 6t a.i, 1970; vKure.hashi a.nd 

Ohta.ki, 1977; Hoy, 1978b~ Ta.uber a.nd Tauber. 1979). This ie 

not likely to work unless nondia.pause i,f5 controlled by a. 

single, . domin8ont. :t'ully penetrant gene (p&sse~. et a.1., 

1970), or unlese, it is sex-linkéd, 80S în o. nubil.a.tis 

(8hqwers, 1981). 
, 

Genetic selection of diap80use in natural enemies te .... 

enha.nce thej,r usefulness· ma.y be 80 pqtentià.~ly va.lua.ble area. of. 
, '~ 

re8e&rch~ esp~ia.lly when species originat.ing from different 
, 

la.titudes 80re to he relea.s~ in the field. Peor host-parasite 

synohroniza.tion bece.use of dia.pause, which can cause fai1ure 

of' a biologioa.l cont.rol progr8om (Schlinger, 1960), could be 

a.voided. Seleot.ion of nondia.p80using na.t.ura.l enemies for use in . 

greenhouses, during the winter i8 the subject ,of this. research 
ç::.Ja. , 

project a.nd ha.s been recent!y accomplish~d in the predatory 

mite, M,6taseiu.tus oocidentatis (Hoy, 1984; Field and HOy.~ 

. 1985). 
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Nôndia.pa.uM selection he.s been succe~fu1 in. e. wide r&ng~ 
, 

of epeoiea (Ta.ble 1.). 'Alt.hough most of these -8pec:les he:ve a. 

f8.0ulta.t.ive dia.pa.use, nondia.pe,use selection- has been . ... 
... ' 

sUcce48ful .in ,s,Peoies withl obliga.torr dia.pe,u8e,' auoh a~ e., \ ' .. 

fu,'lni.f'~'l"a,na, (Ha.rvey. 1957). P. a:ffinis (House. 1967). 

A. -a~"minata. (~odek e.nd Hon~k. 1970). the g:/pey motoh, 

Lymant'l""ld. dispal" (L.)' (HOY 1 1977) a.nd t.he a.niee 

swa.llowta.il, pa.pitio '%6ticaon Luca.s (Sims, 1983). In thsse 
\ 

CM.,. r&re indiv1dua.1s in the popula.tion ca.p~ble of conti~~ed, 
.. 'P , .. • 

develop~ent "without intervening diap~u.se~ appa.ren:tly provided 

e~ough geneiie va.ria.tion for selection to.' OpeTa.te (Hoy, 

" 1978&). 

, Progress in' selection for a. n,igh i~oidenoe of nondia.~a.Use 
~ ~ 

'is 'often ra.pid,' especia.lly in the first few generMions (Barry: 

and Adld,sson, 1966; Lees< 1968; Gls.ss, 1970; Herzog a.nd 

Pl;1~1lips, Ü~74). Diap&use ma.y he reduced te ad extremely low­

or 0% levei in selected lines (e.g., Glass. 1970; Na.ir' a.nd 

De8at, 1973); qut ,ma.y revert, to a. higher inèidence ~fter 
... 

",eleot~on 18 rele.xed (Be.rry and Adkisson," 1966). BeC8.U8e mos-r-

, : 

, , 
• 

nondiap'a.uae selection haB been ca.rried out under e. _ single, ' 

p,)lotoperièd r:egime and conste.nt tempera.ture, the resuIt.ing­

la.ck of dia.pa.use response may persist only under these . 

co_ndition~. A ohe.nge in tempera.ture, or a.ctdition of 8. 

therrnoI'eriodic cyo1e, may drarns.tica.lly a.ffect, dia.pause 

incidence (e.g., Ws.1off, 1949); Unes selected for cha.nges in' 

tempera.t\lfe- r(jl8ponB~ are likely to differ genot.ypice.lly from 

those seleo'ted for cha.nges in photoperiod (Hoy, 1978b). In 
t-

orosses of nondis,pa.use a.nd wild-type L." dispa'l', Lynch a.nd 

Hoy (1978) fO':lnd tha.t chilling radica.l~y &1 tered t.he 
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Tilbla 1:. Ar'U1rapad !5p!ilciesi' in1:.nt,,~oanall·y salectad·for nendi.Pilu ••• 

SPECIES 

ORTHOPTERA 
LQCU$t~ .igratoria, 

g.llic. Rama~di,re 

HeJanoplu$ differ.ntialis 
, . èthomali) , _ 

H •. ~.~guiDip.~.F. 
,'. , .... j 

. ' G~YLLOPTERA - _ '/ 
Gryll~s.c~.p.$t~i$ L. 

COLEOPTÈRA ~ 
At,..é:hya .,in"tr i .'si l _ 

, F al'dermann 
, -

Trogodera. gr.nariu. . ~ 

Evarta , 

DiabTotica /vigi~er.a 
'LeCont-e -: 

" , 

HETEROPTERA 
,Aelia-aèù.~nata (L.l 
A. ,.ost~at~ ~oh.mari 

~ncope~~us ~~sci~us 

<"DaI 1 as) 

Gerr-is. spp. 

.: 

e 

, , COI'IJ10N NAI'1E ~ERËNCE 
-1-- -

~ ") ---'-T-

Loéust La Berra (.1953)., 
, ., 

Di fferanti ill grasshopper SH far le king, .. <1961> -: ' 
,J 

t11 gr ator:y :gr'as6hoppe~ 

Fi el,d èri cket 

~ -
Fals.' melon baetl. 

Kh~r.,beetle 

4" 
'\ - '1. .. 

WEilitern' ,corn rootworm 
/ - ",' 

, 
" ' 

Trua b~g. 

Large mi 1 kweeèl bug-

, r 

Water si:r~ders 

\ 

.' 

Pickford le Randall 
(1969), : . 

1 sm.i:i 1 - le Fuz,eau­
BraeSl:h ,(1976) 

, i 

Ande L Miya (196à> 

Nài r ~ D!liai -(1913) 

: ~-. 
, -

~~n1iDn: (1976) 

'Honlk (1972~' 

Di n91 e C197~) 

Vep~:H.l.i nan (1978) 
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T.at:l.\'. 1. Cant:.inued 

SPECIES '-...,..J, 

HYMENOPTERA 
:- Diprîon herc:y;'jil.~ (H;art~g) 

, . 
Pt~~o*alu$ PUPil.r.u. CL.) 

, L.EP 1 DOPTERA 
';"'0' ::':: 'Ephes'tia .lut.l1a (HUbnllr) 

... ,,: 

," 

·'Ch~rjstoh~u~. ~u.if.r.n. 
(Clamans) 

..7 

~ectinophoril. 90ssypi~llil. 
, ' Saundera 

t 

Grapholitha aolestà <Buack) 

Galler iil .ellonellil. CL.)' 

l Hel iothis ZlIiI. '(Saddi., 

Pionlitl. ior.,.iéâl i-s 'CI...,> 

tyail.nfria dispar AL~) . ' 

_.Ortrinia FJubiia,li~ (HUbner) 

:'D!a~"éf:.ea ~n~~~H 0.-.e11 il. pyar" 

.. ~~~~ ~ io zel ieaon Lucaa 
. ' 

0, ...... 

~ .. 

1- ; 

~ 

! > COt1MON NAttE 

European .pruee saw~ly ., 

Chil.lc:id Wil.Sp 

Tobac:c:o m~th 
~ ~ 

Sprue. budwor~ 

Pink bol,lworm 

Or t,entai, -fruit 'mat.h 

. . ~ . , '. 
Graatâr'wax mo~h 

, 
, -.·Sollworm, .' 

./ 

" , .,. 

REFERENCE, ~ 

Pr e~!J« ~ CII~ 1 ) 

M~slenniKQv. (1968) 

Wiiloff (1949) 

.. Harvey (19~7 ) '1 
. c.yon, et al. Cl 972) 

, 
~_rry L Adki.san 

(1966) 

Glasa (197.0) . ~ ... 

~ Marini'& CampadRlli 
(1973/75) 

. Her:z,~g ~ Phi l11p 
\, '" "'. ' (19;74) 
.. ~ '-' '",: r --:,.f':., 1 I~ \ 

, ,'. .. .;:.: .' ~ _. • ,1" 

" '-

G~~~~~·~.bbla math 
, ' 

"Gypsy rilotJ:a',:' • 
T 

. " 

Eur ap-CI an' c:oq'l,b'cl'"er .. (" , . ~ 

~~ut.hwest.ern ca~n bor.er 

An i SEI, sw;a 11 owtiü'l . " 

~ 

"" 

.' 

~"','Ki'oeJ (1974) 

Hoy' (1977) 
-

Showerli (1991:>, 
, , 

T~ked_ ~'Ch~PPRnd_l~ 
'(.198~) 

.' 

~u ms;' .:( 1993)' . 
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T.ble 1. Can~inu.d , , 

SPECIEB 
. 
DIPTERA 
Rhitgoletiso p'0.onella " 

(Walsh) p-

Luciliitcaesitr. L. 

$Iyeo.yia saithii 
Coquillett 

\' 

; 

Po~cilo •• topa spilogaster 
(Wiedemann) 

Sit~cophitgit,buJlatit P~rk.r 

AC AR INA . 
~etas~iul~$ 6~~id.ntitli; 

J (Nasbitt)- ~ 

"'" 

" -t 

~ 

'; 

or 
1 

/< 

'. 
\' b 

~ 

~. 

r. ,,". 

.~ 

CDt1HON NAHE 

Appl. mAggot 
.. 
Blowfly 

Pitcher plànt mosquibo 

...r 
Flasn fly 

,tFl.ah fly 

--! ; , 

Prédator 'mita 
;' -

.... 

o 

. < ' , 
; 

~ 

. . 
" 

<r .. 
l~ 

(' 

j 

.. ..t.:) l''~ 

'RJ;FERENCE 

Bilerw.ld le 
Bcush (1967) 

• 
Ri,ng . (1971" 

Ist.ock, itt Al. 
(1976) 

Danlingar (1979) 

~ 

Hanrich ~ D.n~ing&r 
(19~2, '1983) 

Field'Ie Hoy (1~85) 
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'. phfm:.otypio,.exP,~",Qn of 'ha.tching ·tim.~ a.nd propqrt.i~~ of 
• 0 • • ~~ 

lia..tch. bot.h of which' are related. ta the egg diap"use. Ot.her 
"",... 0:1 ...',.... ... ) "1 ~ 6 ' 0!I0 ~ tl t '" ~ .. 

. ènviro~mehta.l fa.ctota. such a8 poPulat.'ion deneit.y (Nair and . . 
~i, 1~j,3) ~~d food qua.li'tY (PI.37), oan a.ffeet the :' 
1 • 

1 ~ ~. y 

e~preeaion Ot diap&u8e. 

~ . ~' i-m.Port.a.n t ~a.rt. o~ndia~uae' seleoticm ia t.he ' ~ 
.. ~ .. '. ,&a_8m~t.'- ôf ot-her oha.raïOt.eriatiêa tha.t may h:,a.ve oha.rured Ü 8. 

'. reault of select.ion. Att.ribut.ea. suoh &8 ~x ra.tio, tecundit~. . . . 

, . 

, 
eea.rohihc abill:t.y. temperature tolet-anoe i and l:tfe s:Pa.n. ma.y ~ 

. . , . 
affeot.ed'·'l?Y seleCtion. &8 a reeult. of ~breed~, inadvertent 

îl -If ,. 

selection,· random genetio 'dr~t., or beoa.wse they are 
"Y " ~ 

"a~iated with diapa.uaè. a.t the -,e~etio level. Ando and Miya. 

n968) found tha't· in a non~apa.use line ot A. j 77Ufflc1t-tMc1tsi, 

fecundit'Y W&8 lower, eg~ mort.e.lity incree.eed a.nd feme.le lite 

spana. were shortèr than' in uneeleot.ed controle, prob&bly 

beoa.uae of inbreeding. NC!ndia.pa.wse P. a.fj'inis were not &8 

C91d-ha.rdy· a.s priginal stock (Ho~ase, 1967). there were 

difterences in &ex ra'\}o betw~~ control a.nd nondiaP&U$8 lineat. 

of C. ;fumi-j',n.a.na. (Harvey, 19~"7), a.nd a. reducti~n in 
~ /' !I 

vigour. fecundity and via.billty of ecgs oocurred. a.fter 12 , , 

~eneratio~s of nondiapa.uae selection in the gra.aahopper, 

M6ta.noptus~ di-;f;ftn'fln"tio:U.s (ThO~Ù), proba.bly beoa.~se of 
'. a.Ccumula.ted delet.erioU8 ,enee (Slifer a.nd King, 1~61). 

'~leotion' of a nondiapauee s'train of L. dispa.:r, however, 

clid. not" ~~ui 1'. in signifio.a.nt. ohan,es in morpholo,y, eex , - . 
'.,..-

ra.t.io, "pu pal weighte or egg produotion (HOY, "19!78a.).-
" .. 

'"\.-
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G~C8 0., I:QiSBC'l' DIAPAtJ8B 
, 

Insecte" displa.y ,6n .aatonishing ,vaTie:ty in t.heir diapa.use 
'- , ,Ill , 

response ta 'photoperiod. t.emper~ture, a.nd other environment,a.l 

': f&otan, ~nd it ls l~<ely that, modes of diapa.use inherita.;noe 

'are equa.lly. va.ria.ble. Ma.jor reviews of diapa.use genetics a.re 
-t":. 

, .. "I):1(,8n bl" Lees (1956), Beek (1~~3, -1982), Da.nilevskil "(1965), 

and Hay (l978b). 

Cha.ra.eteristics, such 80S oritioa.1 photaperiod, dura.tion 

a.nd intensity of dia.pa.use, ~~mpeta.ture responses during 

dia.pe.use and teJllpera.t,ure reqUirements for diap&u8e 

ter.mina.tion, respond ta intentional selection and are, 
~ 

therefore, genetical1y determined _ (Hay, 1978bj Tauper a.nd 

Tauber, 1979). Selection is- possible because of the va.riation 

in dia.pe.use x:esponse, sometimes quite lar~e, between 

individuals in populations. La.rge diff~rences in dia.pause 

intensity e.nd~ duration have_ bean observ~d between individua.ls 

in populations of the garden pebb1e moth. Pionea 

forficatis (L.) (King, 1974), M. se;x;"ta (Rabb, 1969), 'the 

western corn rootworm Diabl'o-tica vigifel'a LeCon"te 

(BraD.80n, 1976), a.nd iDll laboratory populations of the Khapra 

beet1e, TrogoMr'4;ma granarium Ev~ts (Na.ir and' O9s6oi, 

1973). In experimenta.l populations 'of O. nuqitatis, Beek 

and Apple (1961) found a range of photoperiodio sensitivity 

approximating à. norma.l distribution. a~d conc1uded the.t corn 

borer popula.tions were heterozygouS for multiple genes 

~control1ing their responSe ta photopeXSiod. 

The previow> exa.mplés demonstrate one, of the difficu1t.ies 

i~--8t.udYing diape.use genetics. Popula.tions may exhibit a 
. 

continuous distribution of diapause response. l'et for an 
\ 

\ . .... 

• 
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individual" die.pe.use is e. t.hreahold ("all-or-nothing") 

respon-se (P'a.1coner, 1981). The,ra mal' he no w-e,y, ~ith present 

t.echniques, to determine whet.her dia.pauae cha.ra.cterstica ara 

norme.lly or rnultimodally dis'tributed, beC&us.e there cou1d be' 

many causes of variation, aIl wit.h relat.ive1y sma.l1 effects •. 
-

involvin;g ma.nl' ganes (Hoy, Q 1978b). Another êomplicating fact.or 

'\1 in st.udying diape.uae genetics is in defining dia.pe.use, 

pa.rtioularly in apecies with a.n egg or pupa.l dia.pa.use, in 
• 

Whiçh dia.pa.use and nondie.pa.use sutes are defined by duratioD.. 

a.lone (Ra.bb, 1969). 

The genetics of' diape.bse e.re usually studied qy crossing 

g~raphic ra.ces, or by orossing a.rtiticia.lly or ina.d verten tly 

seleoted lines. The dia.pause resporuse of resul ting hybrida is 

usua.lly intermedia.te bètween that of parental lines. This 'W&S 

tirst demonstrated bl' Ds.nilevskiI (1965) in crosses _of 

.reocra.phica.! races of the moths. Luooma saUcis s.nd 

Aeronyo'ta. l'umicis (L.). Similar resu~ts hs.ve been obts.ined 

wit.h S. pero9rina (Kura.he.shi s.nd Ohtaki, 1977), P. 

gossypi8tta (Rains. a.nd Bell, 1974a.), L. oaesa7" (Ring, 
.. 

1971), A. aouminata (Hodek and Hon~k, 1970), P. 

%etioaon (Sims, 1983), a.nd Sal'oopha9a butt.ata Pa.rker 

(Henrich and Denlinger, 1983). 

In sorne species, hybrids between dia.pa.use a.nd nondia.pa.uS8 

lines show 8. dis.pa.use response simi1a.r to one of the ps.ren ta.1 

lines. For exs.mp1e, ch8,r~ters governing nondia.pa.use were 

domins.nt in crosses, of A. grandis (McCay, et 8.L, 1968) . 
• 

Rabb (1969) reported tha.t diapa.use intensity in FI !erns.le 

M. sexta. (8.~ me&8ured by du.ra.tion of pupa.l sta.ge) wa.s 

much grea.ter t.ha.n in either pe.rent. strs.in, possibly beoauae of 

.. 

o 
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oumulative effecta of several genes. A mare cÇlmplex situation 
~ . - ~ 

WaB deroonstrated by Na.ir a'nd Desai ,'(1973)' who 8uggested tha.t 
.., 

ma.jor genetic factors determining densi ty independent dia.pa~se 

in' T. gz-anarium were donhnant-, while those governing 

'densi'ty depandant /dia.pa.use were rece8sive. 

Genere.lly, ,the results of crossing experimentB between 

nondia.pause and die.pe.use -lines indica.te tha.t di~pa.use· ls u~der 

polygenic control (Harvey, 1957; De.nilev,!3kit 1965; Na.ir ,a.nd 

Des8oi, 1973; Rabb, 1969; ~ng, 1974; Raina and Ben, 1~74a.; 

Kura.he.8hi a.nd Ohtâ.ki. 1977). The' type of genes e.nd inherita.noe 

involved. however, is extremely va.riable. Severai e.uthors '.. .... \ 

Qonclude the. t e.n ini tie.l ra.pid decline in die.p8ouse incidence 

during nondis.pause selection, followed by a pla.teau before 

further selection progress, indicates t~a.t dia.ra.use' lS, 

controlled by a. few ,me.jor a.nd severa.l minor ganes (Ha.rvey, 

1957; Barry a.nd Adkisson, 1966; Herzog a.nd Philli,s, 1974). A 

sm80ll number of intera.cting loci, or a single 'ge{{~ locus, ma.;y 

govern the meta.bolic, hormone.l and developmenta.l event.8 

connected with dia.pa.use in S. buUata (Henrich a.nd 

Denlinger 1 1983). Diapa.use e.ppeare ta be con trolled by 

supergenes, which show discrate inheritance, in Gez-ris 

spp. (VepsKil~inen, 1978) and D. Littoratis (Lumme e.nd 

Oika.rinen, 1977). Ta.uber a.nd Te.uber (1979) demonstra.ted 

Mendelia.n inherita.nce of dia.pause in le.cewings by crossing two 

sibling epecies, Ch'Pysopa dobmefri Ba.nks (uni voltine) e.nd 
J 

c. oarnea Stephens (multivoltine). 
, 

Diape.use is sex-linked in sorne insects. It is inherited 

t.hrough the ma.le parent ('the homoga.mic sex) in auch 

Lepidoptera. ~ P. forfioatis, (King, 1974), L: ,dispar 

'r 
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, (L.ynoh and Hoy, 1978), B. mopi (reviewe;d' by Lees, 1955) , 

~nd o. nU,bitc.tis (Showers, 1981). Materna.l, influence hM 

heen found in A. m~metriesi (AndQ 80nd Miya., 1968) . 

. ,The rèla.tionship between development ra.t.e 80nd tendenoy to' 
1 

, , 

di.pause may occur e.t the, genetie level. pos~ibly resu1ting 

from the pleiotropio effeota of dia.pe.usè genes, or from 

.linka,ge 'between ganes assooia.ted with' diap&use e.nd development. • (Henrioh and Denl1nger, 1982). S10wer developing G. 
1 l' 

mot"sta. larvs.e tend to diapa.u8e (Dickso~, 1'949; Glass, 

19'10), progeny of .ee.l'"ly emerging a.dults P. '!'oro:fica.tis 80re 

lea..,t likely to die.pa~e (King, 1974), and fa.st development. is 
. 

oorrele.t.ed with low diapause inoidence in H. smithii 

, (Ist.ook, et 801., 1976). Artificie.l 'selection of' S. butla.tà. 

vior gree.t.er dura.t.ion 'of le.rval stage resulted i~ e. population 

tha.t tended to pupe.ria.te 'la.tar, and ha.d ~ higher diapause 

incîdence. the.n e. line selected for fe.at larval development 

(Henrich and Denlinger, 1982). 
'" \ 

Only in B. -moroi ha.ve dia.pe.use genes been extensively 
, . 

a.ne.lyzed (reviewed by Lees, 1955). Because Many gene'tics 
. 

experiments were performed &s 8ofterthoughts in seleotion 

experiments, a.nti often 80t single tempera.ture or photoperiod , 
regimes, t.he inform8.tion obta.ined ,on diapause re8ponse ~s 

limited. No olea.r conclusions relardin,g dia.p!'-use genet.ic8 a.re 

possible until more reeearoh is conduoted. 

, , 
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BIOLOGlCAL CLOCJt MODBLS 

Severa.l biologica.l clock models he.ve boen proposed to .. , . 
e.ccount for phot.operiodic responses ob"erved in insect.s, .. 
including ,modelling th~ circa.dia.n compo,nent of see..sonal 

rhyt.hma suoh a.a dia.pe.uee (recent reviewllS by Book, 1980; 
~ -

-S~unders, 1982). In the externa.l coincidenoe model, tirst , 

propoeed by B{inning (1936). in:duotion depends on 8. coincidence 

,in 'time of a. pe..rt.ioule..r phase in the circadia.n cycle wi th 8. 

• 
pa.rtioul&r light pha.se. So~e 'phe.ses of the oycle tha.t occur in 

'da.rkness 'at one seMon, ocoùr ,in light a.s daylength increa.ses. 

Coinoidepoe of these pha.aes is necessary for the photoohemica.l 

S'teps tha.t initia.t.e dia.pa.use. In the interna.l coïncidenoe 

model. first proposed- by Da.nilevskil (1965), multi-oscilla.tor 

systems a.re proposed the.t keep a. tempora.l order within the 

oiroadian system i tself and respond to cha.nges in photoperiod. 

On one side of the cri tioa1 photoperiod. the ,pha.se 

re1a.tïonships bet.ween 'OBcillators allow a. pa.rticula.r Seqùehde 

of rea.ctions. ~heree.a, on the other sid~ of the critioe.l 

photoperiod. diff'erent phase relations exi~t, which 8.ctivate 

the jhi;,te.bolic pa.thway resulting in dia.p&use (Pi ttendrigh, 

1981). In both mode1s, light has a. circe.dia.n entraining l'ole. 

which may he replaced by thermoperiod, but in the external 
, 

model. light is 8.180 necessary for induction (Saundera. 1984). 

'Refinement of a pa.cem8.ker-:slave oscilla.tor model of 

circadie..n orga.niza. tion gi vea the in t.ernal coincidenoe mode1 a. 

more- substantial foundation (Pittendrigh. 1981). ,It can he, 

used to exple.in why ori t.ioa1 -da.ylength for photoJ)eriodio 

induction of die.pause de pends on temperature in some species. 
" 

The pa.oema.ker in t.he system hAs a. oonota.nt period e.nd time 

• f" 

.1 
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course wi th respect to temperature, but the pha.ses of the 

sla ve 08cilla tèrs, e.nd their rele. tionship 1'.0 the pacem,aker and 

other slavè oscillators, a.re temperature dependent 

(Pi ttendrigh, 1981). As photoperiod increases, the ph8.8~ of 

the slave 08c1l1a.tors (r~1ative to da.wn) ebifts 80180, but at 

dif'ferent ra.tes. 

S5 

Beek -(1980) has propo8ed and refineçl a dual-systèm theory , . ~ 

of diapa.use induction in wbich ther:e a.re, two' main circadian 

'. oecil1ator15. One system fu~tions as a circe.dia.n pe,cerna.ker and " 

determines the rhythm, the àther functions as a gating system 
" ù 

(Beek, 1980). He hypothesizes that photoperiodic dett;trrnina.tion ..... 
" df diapause involves a. g80ting mecha~i8m, similar to the gating 

of circ80dian rh~hms. This theory has been cri ticizet, 

however, becau8e it does not a.ccount for, or predict, certain" 

fundamenta.1 chara.cteristic8 obeerved in circadian s~stems 

(Scopik, ,et aL, U~81). ' 

Evidence from the few species ext.eneive1y studied suggests 

1'.hM both hour-glass timers a.nd circe.dian 08cillators may be 
J 

involved in the photoperiodic responee (Sa,undeb" 1982). ~or 

exa.mple, Takeda and Skopik (<1986) found that a. northern strain, 

'of o. nubitatis showed an hour-glass dia.pause response at 

200c, ~ut circadian periodicity 801'. 300 0. whereas a 
" 

80uthern strain exhlbi ted the converse. 

Superimp06ed on the photoperiodic clock is wh80t Saunders 

(1982) calIs the "photoperiodic counter", which adds u-p short 
, . 

day, or long day, cyclesruntil the diapause pathway i8 

determined. Some species may coun t both short daye and long 

da.ys; in others, oné or ,the, other is neutra.1, a.nd' may or may 

net be ternper80ture co,mpens~t.ed (Saunders, 19;82). This is one 
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expla.na.t.ion of why inseota rea.red &1. hilh ,temPera.t.uree, under 

short de.y oycles, do not çlia.~ueej the y ha.ve not. a.ocUIJ1ule.t.ed 

the required n~mber of short de.y. oyoles 1.0 induoe -dia.pa.use.· 
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MAft}UAl.S A1fD MBTHODS 

... 

Ma.teria.ls a.nd methods used throughout the resee.rch a.re 

desorioed in !-his' sec'tion. lo:1ethods unique to ee.ch experimen,t 

a.re decribed se~e.ra.tely in ea.ôh cha.pter. 
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INCUBATOR BNVIRONMBHT 

One large, controlled environment chambêr, - a.nd· n1J,meroue 
, 

small, refrigerator-type' incubators Viere used du ring this 

research,. The la.rge ~ha~b:r (l.; x 2.5 m) ,Wa.s u~ed for ~ll 
nondiapauae selection exeriments under LD 8:16. Three sets of 

four, 40-W Vita-Ùteê (Duro-Test Corp., Montreal; .Que.), full 

'spectrum fluores~ent tubes (120 cm) were inatalled in the 

ohamber to simulate na.tura.l, lighting. Two sets' of tubes ware 

58 

... 

suspended 55 cm abova the floor, and a third· set. we.s insta.~led 

the sarne d~tance above ~ second leve,l shalf. The lighting 

system opera.ted independently of the normaf inoubator, wiring . . 
system a.nd photôp~riod WStS controlled by a. tirner 'that operated 

on bath AC and OC power. An altE!rna.~e 12-V DC light sY'8tern, 

• "''l, 

consisting of two full spectrum tubes (45 cm) per set of , . 
lights, powered by a heavy dut y marine battery, automatice.lly 

sWltched on when power failed (wiring diagram, Append,ix A.) 
. 

Because the same timer controlleâ both AC and DC 1ights, 

correct photoperiod was main tained regardless of the time of 

day when power f~iled. Even though electricity on campus 

fa.iled 13 times in three years (once for 33 h), the emergency 

system was reliable and no selection data. was lost a.s a result 
, 
of disrupted photoperiod cycles. Temperature .in the large 

cha.mber was niaintained. at ~h±10C, and a. humidifier kept 

relative humidity (RH) at 80-90%. 

Aphids were reared in plant growth ca.binets with high 

light levels. Cagea with control lines of A. o,phidimyza 
. 1 

/ 
were kept in open Climatoria. for the first year. These were 

r ' 
equippèd with 40-W Vit.a.-lite® f-l~orescent tubes, but, beo&.use 

cha.mbers were. open 1'.,0 the room, temperatures and RH were not 

. \ 
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cont.rolle.bl,. Room l.empèra1.ures were 24-280 0. Aft.e~ a. 

, 
yea.r, cont.rol Unes were m9ved 1.0 refri4lera.tor-type 

inéube.tors so t.h.a.t. 2100, a.nd 80" RH could be ma.int.a.ined. 

,Al! o~her experimen1.S were O?nduot'ed. in the, se.me" l.ype of 

"" incuba.1.of' which he.d photoperiod a.nd' thérmoperiod 'Controls. 

BXPBRDMBNTAL' GRBBNHOUSI 

"' ",' ... 

" . 
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The E!ltomology grèenhouee used during the reBSa.roh .wa.s a. .,. 
single seotion (4 x 9.2- m), S'ealed off, from the \ad~e.cent ' 

'~ -' 
section, with sepa.~a.t.e ent.r.a.n,ce and envitonmenta.l controls, 

, ~ .. ,. , , 

Joint's in the glass partition, w~re oa.ulked 1;-0 prevent 
" 

pesticides fram drif1.in.g 1n t.o th';' greenhouse -from t.he 
. , 

6.djoining 'Horticulture seotion. :Soil Înidng, ~eedling 
. . ' 

transpla.nting, insect. collection and counts for greenhouse-

experiments were done in the potting-shed labor&tory a.tta.ched 

to the greenhouse. 

The greenhouse we.s equipped~ with two free-standing benohes 

(1 x' 6' m). Ventilation was provided by l.wo fidg~ vents (one 

.1 

,1 t 

. ma.nually controlled, one aU't;.Om&tic), two manually oper&ted 

side :vents, and a 'thermostatica.lly controlled, variable speed, 

exhaust fan. Steam heat supplied from the college system W&8 

&lso thermostatically controlled. Glass was whitew&shed 

a.nn ua.~ly, in la te May, to reduce summer daytime tempera t.ures. 

A floor-to-ridge·· blackout curtain between seotions was dra.wn 

in winter when Bupplementa.l lighting used in l.he neighboring,. 

section would have interfered with diapa.use resea.rch. 
, , 

Although oooling and heating systems were a.dequa.te, .t 

equipment was not as accura.te or flexible &s that employed by 

.., oommercial growers. For exa.mple, it wa.s not' possibie to set 

sepa.rate night &nd day tempera.tures, therefore, it wa.s 

, , 
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nece88~ry' ta ~a;ke, man'u.al a~u8t.ment8. 'tw~èe 'd~ily d';1:ring , 

~x:periment.aJ. peri~8 inû,nded ta, duplioa.t.e oommêrcial 

oondi t.ions. 
,~ " 

" , 

- Aphiçla were' ~red on green peppera, Ca.:psioum. 
, , 

.. ,officina.'U ov. lIlàrly Canada. Bell. P,ppers are g~ host. . . , 

,-
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• 1 

~ , ' 

plants beo&uae they are compe.ct. upright. a.nd suppÔrt.' dense, 
, .. 

a.phid POPulatio~ wi th minimal. lëaf ourling or dropping. The 
~'. 

slow graY/th r~t.e -'of' peppe:s and t.heir requirement for warmth , ... 
were disadvant.e.ges~ however, for wint.er aphid :produot.ion. 

Therefore, -the s:uit.a.bilit.y pf br~els sprouta." Bl"a.ssioa. 
, t' 

oteJoa.oea. ov. Jade Cross. as host plè,nt.s wu investi:ga.ted.· ( 

a.re oompact, uprigh t and grow quickly a t lower 
• 

.. '1 , 

ratwtes t.han do peppera. Although t.heir growth 'in winter 
. 

wu ---·_..".tory, M. ~l"sic~ was slow' te éolonize le~vea 

and wu 1rrita.ble a.nd rest.leéa, dropping off euUy whEM.' 

plants were m ved. Pérhaps brusssls sprouts' provided .a. poor, 

,diet (Dixon. 1985)' or the ,waxy lea.f surfa.oe may pa.ve repelled . ' , , 

~phid~ (van Emden, &1., 1965). Rea~ng' the .c~bba.ge a.phid." 
- .' 

Bl"ev'ïool"yne ln"a.ssicQ,e "(L.), might ha.ve been mClre 

successful. For the p'urpose of thi: resee.Foh~ however" whioh 

speeifioally &ddressed a.ph1d control in greenhoU8e~. l deQid~ 
t • " 

• l', 

ta' continue wit.h M. ~l"sioa.e on peppera. ~cen:t.ly, H~velke,_~_ 

and Rf.di~ka. (1984)' found t.hat M. pel"sica.e is one of t.he 

. b~t qua.lity food sources for A. a.phidiml/%Q. larvae. 

Plants'" were ~ed~ weekly in th~ grèenliouse (summer) or 

every two weeks in a ,rowth ohamber (winter). At four, weeka. 
l ' ' . 

seedlings were tra.nspla.nted te pots (12.5 om) a.nd grown for 

3-4 more weeka, until they'.were ,20-25' cm 'high and ree.dy to be 

. 
\r,1 

.. ., 

. -.. 

, . 

, J .. ' 
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, . 
'infea'ted witih' aphi,ds. lEvery.other week. 40-80 pla~ts wêre 

traneplante'd, depending 'o'n ·experi!ente.l requirements. The soil --
mix w&a ooarse 0 grade vermiculitè. hortioultura.l pea.t and 

. , 

,;, p$8t.urized :top soil (1:1:2). Lime and 20-20-20 lertilizer weJ:"è 

" 

• '-v, 

. 

, . 
at;Ïded 1.0 t.he mix. When fraquent wat.ering wa.s necesse.ry in 

: sunny, wea.t.her~ pote were wat.ered weekly with liquid 20-20-20 ~ 

1.0 replace nutrien ts lee.ched, from soU. 
~t Contl"Ol . 

Weekly.or bi-weekly sprays of Sa.fer'se Inseotioidal 80ap 

(~er"Agro Chem. Ltd., WUlowdale. Ont.) were n~S8s,ry 1.0 ~ 
."' , 

oontrol aphic;ls and the greenhouse"\ whi tefly • Tl"ia.~tt1'"od4ts 

va.2='Ol'"a.zoicn-um Westwood. on, young pla.nts. Controlling a.phids 

on young pl8.nts in win ter and spring bees,me a. serious problem , ~ 

beQ&use only nonresidua.l pestioides oould be used. The 

',,; insecticidal soap was 1.00 phytotoxic for frE!Quent applioation . 
p • ,.;-

, ' 

L. 

,and its effectivenesa declined, probe.bly beO&'\18e r8sista.noe 
" . 

,'developed i.rl aphid, popul& tions .. During the S8eond year J 

.Wilaon·~ wett&ble-Po~der rotenone spra.ys (Wilson La.bore.tories 

Ino .• Dundas. Ont.)~ a.lternating with inseoticide.l soap 

" SPl"a.ys, provided sa.tiafê,oOtory control. After a yea.r of \1Se, 

ho":'8ver. a.phic;ia were also le8s e.ff'eoted by the rotenorie. 

During summèr, when s,phids were controlled by high 

temperatures in the greenhous~, \ wb! teflies were controlled, 

wi th yellow st.1,cltY t.re.ps .and peon trapa on greenhouae benohea~ 
'"' 

During ~th.r second y~ar J brigh.t green Btioky traps and pa.n . '. 
'j' . " , ' 

traP4 were 8.180 pla.oed on benohes te a.ttre.ct para.sitic 

Hymen:op't.era. tha.t ha.d entered from out.doors an~ had SPntad to 

a.phid cul1turea in inoub&tora (pg.63). 
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'" In la. te sùmmer 1982~ severe infesta. tions of the' 
-' y 

. tWo.-ISPO.(t.ed spider mi te, 'T~"tranychus ur"ticae Koch, ori 

pl~n t.s in both greenhouse and. inbuba. tors were elimina.ted 
, 

,within a. week by 8, éhipment of. J)reda.t.ory _,mites, Phy"toscJiuf,us 

'PC''l"simitis 'Athia.s-Henriot (from Applied Bio-Nomio8, Ltd.," 
~ >0 ~. ~ 

Sidriey, B.e.). 

APJID) • eoL'fOBB 
, 

Green" pea.oh aphids~ Myzus persioae (S1l1zer). were " 

o 

" .' propaga.ted from 'a. olone réceived in May, 1982. 'rnitis.lly, 
'. ,'} 

", ~phid" oul1-ures were )tept in the greenhousè in large. 'ny.lon, 

~~h covèred. wood fr~e' o8.g~~ (60 x, 7~ -x· 44 om ~h)' w~ th . 
, '\ 

sleeve openinl'. Baoh c~ held 20 plants. High 'tem;peratur,es , 
\ -' 

i~side cageà suppressed a.phid reproduot.ion and e8és.pi~ a,phid's . ' 
.' l' • : 1 ... a , 

" , 

" 
infested. ~edlings growing in the Nome greenhouse. ( • 

, , -
\ 

Càrusequent.lY'. s.phid c-\.w:ture8 Viere ~ved t.o 'èont.toll~ 
" '~' '<; 

• , • ~ 1 

, \ 

- . ~ " (' 

enVirol'llhent, cha.mbers under ~ l6:8', TC 22:1900. 

Eafoh h~t ~n8.nt. ~~ .iru1&~ b~ lay~~g an, &phld i:h.fested' 

'lea.f on i'te top lea.ves. Af;ter a- mea.~, 'of. 7 d, ,inf~t.8.tionf\ 

, , 

1 \. ';:. • _.c!' ~ 1 ' " ' 

're~hed 3~-3.~ e.P~~ds ~r om2 :o~, ~e&:. Aphid rep.roduot.ion 

, 'W8.8 slow a.nc?- unsatisfa.ctorY on Jlants >10 ~k o~ld. O,n yoùnser 
• 

. 'pls.~ts. a~hid popula.tions sprea.d eve,nly over 0 unde~iq,e8, of 8;k 

les.ves, and chéck'ed pla.nt growth.
v 

Plants kèpt in a.phid 
~, 

incu,,?ators for longer tha.n t.hree, weelts often developed soot:y 
\ p-

moulds, Gtadosporium spp., on t.he hea.vy accumula.tion of 

'honeYdew, 'l\hich inte~:f'ered,' with m_ovement of A. aphidimyz?, 

1a.rva,~ on lea.ves. Ex<?essiv~~ numbèrs of alata.e were ~lso ,.;. 

generated n a.nd le8.f dro~ wa.s ~evere on these, pla.nts. 

10:-),4 d 

~ 1 

. , 

" ei ther used or disoarded wi thin 
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Two species of Br~~nide.e (Aphidius ma:tMca.%"iœe ~8.1idaY 
'and P%'Q.On 8PP. nI'. P. un'icum Smith) interfered .... with 

àphid production. They 'entered t.he gr.eenhouae every summer and 
~ ( 

were ca.rriflld on pep.Per plants into aphid inouba.tors. where 

they were very difficult 'tp control. Paraeitized a.phids 
, 0 

wandered from planta a.nd were eventually mummified in corners 
o 

and under ra.c~8 and pots. La.li"ge numbers of W8.SpS emerging froJ'!l 

this unseen source of mummies pèriodica.lly ,severely depressed. 

aphid produqtion. Neither white nor yellow 'tra.ps 8ottraoted 

WaisP8 and at times it W8.8 neces~ry ta re$Ort ta 'crushing 

mummies by ha.nd., ... 
~ . 

Two 8Q~ution8 were ,found ta this .problem. One wè.~ the 

discOV'e!,y tha.t Wa.sps were e.ttra.oted :t-o brigh1:. green. Sticky 

tre.P8, made from squa.res of green polyethylene (6 mil) spre$.d , 

with Tanglefoot.- (The Ta.ng.lefoot. Co., Gre.nd Rapid8, Mich.), .. .' .. -
Q -08.ught many W8.8ps in incubators.· These were replaced wit.h 

green ~lastio trays (30 x. 44 le 6 cm) filled with soe.py wa.ter, ~ 

, w hich were easier te main '!-s,in and permit ted daily coun ts of 

W&8P, cat.ches. Over a. 10.cl period, 81"7 wasps werA ca;LH~ht in a 

green pa.n tre.l? compe.red with '76 ca.ught in e.n identice.l yellow 

tre.p beside i t. 

,The second solution was to code hoat plants a.s they 

entered aphid cultures wi th e.. different colored. 'sticker for 

ea.ch da.y. This ensured plants were remoV'ed in the Sarne order 

'th,!3y.entered, and none were left in a.phid incube..tors longer 

than 10 d. The swift rota.tion eventually ,~1iminated we..sp 

populations because pla.nts were not in incuba.tors long enough 
l 

for /wasps to emerge. 

-

, . 

, ' 
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omGm OP A. APBIDIHYZA LJJfBS 

A. (tphidimt/za. were Slbt.a.ined from different.' 

geographioal areas to provide the grea test possible genetio 

ve.riation in di~pe.uee respon.se. Efforts ta obta.in la.rva.e 

~rom Pennsylvania, Missouri &nd Floride. weÏ'e not sucC8as!ul, 

either beoause collee.gues cou Id not find lafvae. or they 

collected the wrong species (e.g., L6stodiptosis spp.). 

The fol~owing list describee the geogra.Phice.l~re.C8s 
" 

collected for thiB reee&rch. Abbreviat.ions ueed in the t.ext 

'a.re given in pa.renthesis bafore ea.ch descriPtion. 

64 

'(JI'Ilf) A laooratory line, origina.ting tram Finland in 1971 , 

.. " 

"0, 

(Tütte.nen, pers. comm.), wa.s received 23 August, 1982. An 

unknown n umber of s,d ul t,a emerged from the pea t. moss in w hioh 

they were sent e.nd eggs were obta.ined within t.hree daye of 

arriva!. Pirst genera.tion la.rv&e were la.id on moil3t. pea.t ta 

pupe.te, sta.rting l September. Over 200 a.dults emerged in the 

second genere.tion. This !ine becaine well establiahed, 
'-

maint.a.ined s. sta.bIe sex ra.tio e.nc;l was used throughout the 

rèsearch. 

Wild Lines 
, 

APhid colonies, common in fields and ro&dsides, lIHere 

exa.mined for A. a,phidimY2a. le.rvae (Gilkeson a.nd Klein, 
; -

1981). When _ larva.e we~ found, t.he pla.nt matèHs.l we.s placed" 

in pla.stio bags a.nd te.kep to the lè.,bora,tory for aorting., 

La.st inste.r larva,e were ei ther J;mt directly on 1n:0ist pes. t 

moss in tre.ys or into sample vials. Younger larva.e were 

. rea.red in plastic bags on a,ddi tiona.l M. persioae, whioh 

'they e:p'\;,ea.red to &'ttaoK <as ree.dily 80S their original host , 
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a.phicù;. When la.rvae' oe&eed feeding and bega.n we.ndering, they 

were removed ~rom the sides of be.g~ wit.h e. fin~~ .. wet 

pa.intbl'1lsh and p1aced on peat mo~s. Initially, A. 

>', 

aphiclimll2a llnes were kept in incube.tors with LD 16:8 

(21OC). De.ylength wae incree.sed ta 17 h in late August, 

1982, 80fter problems occurred wi th ests.blishing wild linee, 

whioh me.y he.ve been due to a. high inoidence o'f dlap&use. 

(~1) A total of 335 le.rva.e we.s oollect.ed 20 July, 1982, 

from wild pe.rsnip, Pasti~aoa sativa L., nee.r the 

entranoe te the Macdonald College Arboretum. The8e were kePt ' 

in olear plastic boxes (4 x 4 x 4 om) until ready to pupe.te~ 

when thèy were either placed on a peat tr.ay in a small cage 
~ t 

(28 x 28 x 28 cmT'"'-~h.in vis.ls for observation. A second 

collection of 61 ~rva.e from the same si te, made 27 July, 
.~" . 

w.a.s added to the ce.ge~· Only oa.. 30 &dults, (sex ra.tio: 1 

male:1.8 fema.les) emerged~ possibly be08.use ls.st instar 
, " 

ls.rvae esca.ped or beCs.use of high morts.li ty from disee.se 

(la.rva.l mortalities of :>50% occurred in some vials). , 

A third collection o'f 135 larya.e was made a t the sarne 

site 10 August. These were e.dded to the ARBI cage, except 

'for 91 ls.rva.e put in vie.ls. Of le.rv8.e in via.ls, 58% 

die.p8,used; sex ratio of emerging adulte W8.8 1:1.1. The line 

seemed weIl ests.blished by 20 Sept,ember after tw'o 

genera.tions, but the third generatlon •. emerglng 51-10 October 

consisted en tirely of males. 

(QUE) Ca.. 125 la.rvs.e were collected 10 August, 1982, from 

prickly lettuce, Lao'tuca scal'iota L., along the edge of 

8. gs.rden on the Ma.cdona.ld College oa.mpus. From & sa.mple ot 

20 le.rvae put in vie.ls, 1 dis.pa.used a.nd 18 emerged (sex 

/ 

,1. 

j 
1 

l 
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ratio: 1:1.2). This line became well established by 

7,8e.ptember s.nd was uaed for firet yee.r nondiaps.use 

eelect~ôn experimen ta. c 

(DP) Over 380 la.rve.e were collected 2'7 Au.g~st, 1,982, from " , 

Cane.da thlstle, Cizosium a.zov~nse (L.) Scopoli, &t ,Diamond 

Point, near sèquim, Wa.shington. On1y 20 adults emerged by 

10-17 September, possibly reeu1ting from a high percente.ge 

of diapauee a.nd larve.l morte..lity, which' ma.y' ~a.ve been 

induced by t.he short da ys e..nd low night temperatures 

(l00C). The population was too small to mainta.in a. 

bala.nced sex re.tio; only five fema1es were observed in the 
f 

second, and final, genera.. tion. 

(Be) Ce... 250 le.rvae and egga were collect.ed 28 August, 

1982, from cultiva.ted roses, Rosa spp., in Victoria., 6. 

66 

B.C. Over 100 le.rva.e viere put in pee.t the same de.y,; 'the rest 

were rea.red in the laboratory. First genera.tion adulte, 

whioh bege..n emerging 13 September, laid numerou6 eggs, 

however. the second genera.tion consisted entirely of 

feme..les. 

(ARB2) A tota.l of 218 larvae was colle~ted 14-17 Augupt. 

1983, from valerian, Vateriana officinaU,s L., in the 

Ma.cdona.ld College Arboret:um. Only 68 e.dulta emerged (sex 

ratio: 1:2), because 62% of larva.e qia.paused. ~urprisingly. 

despite -high larve.l morte.lity (100% in so~e vials) in the 

second genere.t.ion, this Une became well establiahed, had. a 
, 

st.able sex re.tio e.nd we..s used in 1984-85 nondie.pause 

selection experiments. 
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Beoa.U8e ail offspring ,t'rom one fema.le are the 8ame sex, 

it i8 e. ,ma.tter of luck, when co~leoting wild le.rva.e, whether 

or not enough female- a.nd male-produoing fema.les are 

obt.a.ined to mainta.in "a 8e.ti8factory sex ratio. Collecting a 

large number ot' larvae did not neoe8sarily guara.ntee an 

adequate sex ratio, but it probably helped. 1t is possible 

that la.bora.tory conditions fe.vored the inadvertent selection 

of one sex over the ot.her in sorne Unes. 

Collecting 'le.rvae early in the 8e&80n is adviss,ble to 

a.void a. high proportion of dia.pause. A portion of a11 la.r'vae 

collect.ed in Augulft diapa,used; By 26 July, a.t this l~titude 

(450 25'), da.ylengt.h (sunrise to sunset) ha.s decrea.sed 

to 15 hours (on 21 June, d&ylength i8 15 h 40 min) and by 18 

August, it is ;1.4 h. Even a.llowing for the additiçm of one 

hour of twilight, n$,turtÙ da.ylength 113 <15 h by late August. 

This is 1e88 th an the critio&l photoperiod t'or diapa.use 

indu'ction in many in8eot species from th1s latitude 

(Saunders, 1982). 

!" l' Disea.ses in wild inseots ma.y present. PI"oblems. High 

'" la.rval mortalit;?' occurred in via.ls from initial ARB1 and 

ARB2 genera.tions, appe.rently e.a a re~mlt. of be.qteria.1 
. 

infection. 8terilizing vials and equipment in 5% bleaoh 

'solutions a.nd storin« forceps' a.nd brushes in' alcohol 
1/, 

prevented furth.er problems. • 
HymenoPterous para.sites were encountered in ARBl and QUE 

.la.rvae oolleoted. 10 _ Augus't, 1982. 1.. single fema.le 

Pteromalid, Gast::rancist:rus sp., emerged from 8-
1 

28-da.y-old A. aphidim:yza.. cocoon. Three other ooooon8, 

" 

, , 
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12 
. ea.oh cont.a.ining remains of several wasps, were disBeoted. 

Bince t.his is the only time pa.rasit.es were encountered, they 

are probably not a. problem. 

RB.ARING A. APHIDIMYZA 

Linee of A. aphidimllza. were kept. in wooden fre.me 

o8.«ee (35 x 53 x 53 cm long) covered with fine nylon me8h 

(Figure 3.). Acoess W&.8 through a vert.ica.l aliding glass 

front. A sheet of welded wire mesh (l cm 2), ~nsta.lled 7 

cm e.bove the cAge floor, supported oviposition pla.nts. A 

pIa.stio tra.y (30 x 44 x 6 cm) filled with mo~t ,pea.t moss: 

which 18 a.tl excellent pupa.tion sub8tra.te, wa.s pla.eed in the 

bo1itom of es.ch o8.f{e. When the Etirss wa.s re.ised" the tra.y 

could he removed, or 18.8t insta.r la.rva.e could be pla.ced on 

the pea.t,' wit.hout dist~rbing either plants. or resting 

midges. 
o 
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"'Aphid infested ovipOsi't.ion plants were left overnisht in' 

o84es with 00-1000 a.dult midses (ca.. 16 h) so tha.t &11 

la.rvae on a. pl80nt were the sa.me 8oge. The followins morning, 

"plants were removed 80nd pIa.oed under -desired experimenta.l 

conditions" for rea.ring la.rva.e. It wa.s not necessa.ry 1:.0 keep 

plants wi th d~veloping la.rva.e in oa.ges becaus.e larve.e did 

not leave pla.nts unless they were sta.rving, or until the y 

were ree.dy ta spin cocoons. Ca.113 w;;'s t&ken to provide 

. ple.ntiful supplies of 80phids during development a.nd. if 

there were insuffioient. e.phids on the origina.l oVip08ition 

pla.nt, it wa.s eut a.nd le.id on e.nother a.phid infested ple.nt. 

Le.rve.e re80dily movec4 down to new sources of prey. When 

la.rva.e ree.ched le.st inet.a.r, pla.nts or lea.vee were eut 

" • 

. . 

"' ' 
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t 
Figure 3. Rea.ring cage for A. aphidimY2a, Sliding 

glass front allows removal of trs.y wi thou t 
disturbing insects; potted oviposition plants ,refJt 
on wire mesh. 
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e.nd la.id directly on pea.t. As la.rvae finished feeding, t.hey 

burrowed into the pee.t to spin cocoons. 

Control Unes were rf"newed by pla.cing oviposition ple.nt.s 

in ~ges every 2-3 d. Thus. ca. 50-200 adult midges were"­

present continuously. Often, more agga were laid overnight 

tha.n were needed to 'renew the oo10ny. When that ooourred. 

2-1) lea.ves were picked re.ndomly tram the"'viposition plant 

and' 8011 eggs on these leaves were res.red. Peat moss in 

control c&ges was renewed e.t six month intervals. 

" 
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Sui'tàbility of èo1iton Pupa,tion Subet.ra.te 
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It W8.S necesse.ry ta. deve10p a me~hod of sampling, from ea.ch 

A. aphidimY2Q. generation to provide date. on incidence of 

dia,pa.use e.nd morte.lity e.s' well 80S emergence. Although 

Q ernergence from peat could be det.ermined, it was not possible 

to obtain e. reliable count of di&pe.use or morta.lity by 

extracting cocoons from" pee.t moee. 'It WI!J.8 8.1so extreme1y time 

oconsuming to search in pee. t, even though most cocoons were 

within 2-5 mm of the surface. Bece.use larva.e ree.dily apun 

cococos in dental cotton rolls put in rea.ring conte.iners 'to 

pr'ovide moisture, sa.mple vials wer,e set up with moi et cotton , . 
rolls for pupation substre.tes. As scon e,s ree.ring ws.s well , , 

6sta.bUshed. emergsnce l'rom the cotton aubstrate was compared 

to pee.t to find out if pla.cing la.rvae in clea.r via.ls, where 

they experienced more light during pupa.tion than tl?-ose in 

peat, he.d an affect on diapa.us9 incidence. 

Materiala and M~. 
t'I 

Three groups of larva.e were 

tested: 1) 383 FIN control la.rva.e, rea.red under LD 17:7 

(240 ) 1 2) 308 FIN control larva.e, rea.red under LD 8;16 

(21oC), 3) 376 FIN (ND) le.rvae from the F3 

genera.tion, reared under LD" 8,:16 (21OC). 

Groups of 25 l&8t instar la.rvae were p1e.ced in' ~h.è\ll vials 

(8 ml), wi th either ,pee.t or cotton' substrates. Pea.t- via.le had 

1 cm of moiet pee.t. moss pressed into t.he bot.tomj the bott.om of 

the vial ws.s wrs.pped in black electricie.n's t.a.pe 1.0 keep out 

light. Cotton via.ls ha.d 0.5 cm pieces of dent.a.l cotton rolls 

wedged firmly a.ccross the bottom. Distilled wa.ter (ca.. 0.5 ml) - , 

wa.s injected into the cotton with an eyedropper to provide 

. ) 
-. 
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8ufflcient. moist.ure. Using a. fine. wet p.a.intbrush, larv&e were 

placed alt.erna.t.ely in ·pea.t. ahd cot.t.on vials. Vie.ls were set. 

upright in holes drilled in thiok wooden tr8.Ys, to provide a. 

,de.rkened pls.c8 for pupation in oot.ton vi8.1a. Vials were 

t.emporarily corked te prevent wa:ndering larv&e trom 8808.ping. 

73 

Cora were removed daily :for a.era.t.ion and, e.fter 2-3 d, when 

all la.rve.e h&d. apun cocoons, cor ka were repla.ced ,with squa.res 

of nylon mesh secured by el8.st10 b&nds. Vials were then p&cked 

in oulture dishes in plastic 'bë.gs t.o ma.inte.in high humidit.y. 

Via.ls were examined da.Uy a.nd. upon emergence. midg8s were 

sex8d e.nd removed. After 21 d e.11 coooons in oct ton rolls were 

opened to oount die.pa.using la.rve.e a.nd la.rval a.nd pupa.l 

morte.lities. Beca.use Most pupe.ting mïdges emerged in 11-16 d, 

it we.s decided t.hat la.rvae that ha.d not b~gun pupa.tion after 
o 

21 d were in dia.pe.use. Rare individuals the.t were pupating a.t 

the time cocoqns were diasected, a.nd tha.t ma.y, therefore, ha.ve 

ha.d a. short dia.pa.use, were recorded sepa.ra.tely as 18.te pupa.e. 

Using these methocia, fewer t.ha.ri-' 1-3% of la.rva.e were 

una.ccounted for in each sa.mpie. 

Resu.l:t8 and DiBoua8ion. There we.s no signi'f~oa.n t 

difference (X2 test, p<O.05) in emergence t'rom cotton or 

pea.t substrateè in e.ny group (Te.ble 2.). Midges in pea.t 

emerged 1/2-3/4 da.y ea.rlier than t.hose in cotton. This ia 

consist.ent with t'he observa.tion- t.hat. la.rva.e im~ediately 

entered t.he pea.t when pla.ced in via.ls, wheree.s in cot.ton 

via.ls} a. few individua.ls wa.ndered for up t.o two da.ys befora 

spinn~ng oOQoona. De6pite the a.ppa.rent preference for a. pea.t 

pu~tion substra.te. percenta.ge of emergence wa.s the sa.rne trom 

pea.t, and cotton, t.herefore, i:t. waa a.ssurned tha.t de.ta. on 

.. 
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TABLE 2. Effect of pupat10n substrate (cotton versus peat • .otst versus dry) on dtapause and .ortal1ty of 
A.'aph1d1.yza larvae. -

- ~ - -- c-omparl-son-- ~-- u-:~l;ompar1son 

Larval 'Pupatton' ~. ~ between. ~ 'between"_ 
Replicate regime ~lOC) n substrate1 Emergence Diapause treatments2 Mortaltty treatments2 Une 

\ 

FIH(NO) 

fIN contro1 

FIN contro1 

FIN(NO) 

flN control 1 

2 

flN control 1 

2 .. 

LD 8:16 227 
250 

Cotton 
Peat 

LD 8:16' 296 Cotton 

lD 17:7 

lO 8:16 

lO' 8:16 

/1 

lO 17:7 

" 

,300 Peat 

230 Cotton 
250 Peat 

80 Hoist 
95 Dry 

95 'Mo1st 
94 Ory 

64 "Mo1st 
99 Ory 

90 Moist 
87 ,Ory 

139 Hoist 
158 Dry 

lCott~n substrate used in~oist versus dry experiment. 

2Chi-square test. 

3Not significant. p<O.05. 
_-r_ , . 

JI.. 

.' 
-84.6 
13.6 

3.1 

43.9 " 44.6 
59.3· 

79.6 
80.0 

82.5 
82.1 

38.9 
30.9 

56.2 
53.'5 

91.1 
17.0 

89.2 
77.8 

'. 

o . 

3.8, 
8.4 

53.7 
61.7 

37.5 
40.4 : 

o 
'() 

0.7 
4.4 

.' 

NS3 

'NS 

"5 

• -MS 
) 

MS 

"S 
MS 

p<0.05 

1 
12.3 - ---:~-----:~ 

.~ 

10.1 

20.4 

13.8 
9.5 

7.4 
7'.4 

6.2 
6.1 

8.9~ 
23.0 

,- ·10.1 
17 .1 

~, .<" .' 

, "S' 

NS 

NS 

p<o.os 

MS 

'f. 
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.. 

'" 
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,percen ta,ge of die.P80use and mort.a.li t'y , in cotton vials 

a.ccurately trefleçted the f'~te of larvae in pea.t. tra.ys. 

Dry versus MoiBt Cotton Substrate 

In sOrne insects, moist. ure in t.he diet or surroundings. 

influences dia.Pe.ua8 :inoidenoe. Acoording te Ushohekov (1973), 

dry, pupe.tion substrates incrt?a.sed morta.lity in A. 

Q.p,hidim'llza.. To determine whether moisture, or laok of it, in 
1 

the oot.t.on· pupa.t.ion substre.te 'could affect re~ults, t.he 'effect 

'75 

'of. dry cot.ton on morta.lity e.nd diapause inoidenoe was";compe.X!ed. ~ 

te moiet. cotton. 

In the f'irst Ntplioa.te, two groups 

(

l,' ',MateriaJaJ and Metb.ods. 

of la.rvae from t.he FIN control line were reared, one under' LD / 
r. 

_G 

17:7 (24OC) and one under LD 8:16 (~lOC). Along with' 

the aécond replioa.te .. a group of PIH(ND) le,rvae were reaz:ed 
, ~ , 

under LD 8:16 (2100). 

. . w'hen lully· d~ve1oped, 1arva.e were ple,c;eçi in :vie.ls wi th 

'~otton dental 'rolla t.he. t w~re ei ther dry, or ha.d heen 

,meistened with 0.5 ml diatilled water, acoording to, methods .. 
given '~bove . 

Reaultal &né:! .~. Larva.e in dry condit.io,S' spun 

complet.e, tough. dark eocoons that were difficu'lt to eut open. 

This contre.ated with ,t.he minimal, delicat.\ cocoons spun by 

larva.e in ~ois't eondi t;i.ons. ,~ 

Mortality was not significant.ly different (Xl test. 
, 

p<O.05) between mois't and dry substrs.tes for FIN control 

larvs.e reared und~r LD 8:16 (Ta.ble 2.): Althoug~ d'iapa,us9 '''' 

incidence was significantly different between replica.tes 

(becs.\lse of ether fa.ctors discussed pg. 138), it was not. 
l 

siJPlificantly differen't, between moist s.nd dry substre.te~. 
1 

.. 

.." " 

~ , 

,r-. 

o. 
~, 

, ' 

," 

, ' 
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In replicate 2 of FIN control la.rva.e rea.red under LD l '7: '7, 

dia.pa.use incidence W&8 significa.ntly higher in dry than in 

moi st cotton (X2=4.4077, df=l, p<O.05); in replica.te 1" 

morta.lity wa.s sl.gn.ifica.ntly higher in ,dry cotton-

(X2=6.6040, d!,=l, p<'O.05) (Table 2.). 
, 6 

o , 
,\ 

t ' 
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No ai,nü'ica.nt difference wu found in 'either dia.pa.~e or \ 

mortality between moist and cirY cotte!]. in PIN(ND) 

Ln 8:16, 

l , • '., 
,II. (" • 

la.rvae Under 
~ .. 

The higher i l.cidence of diap&use a.nd morta.li ty under LD 

17:'7 ma.y h&ve been due te the higher temperature 
'tJ 

(24-28OC), Hea.t ma.y ha.ve -built up in' via.ls a.nd deai~ca.ted 

1 la.rva.e, reaul tin« in a. higher morta.li ty the.n occurred in LD 

8:16 a.t 21oC. Although the higher dia.pa.US9 incidence in 

dry '~a.ls under LD 1'7:'7 wa.s 8tati8tic:~lly significs.nt im. . , 

replica.te 2, i t is prob&bly Mt of pra.otica:l importance' 

beca.wse there wa.s no dit'f'erence in replica.t.e 1. AIso. in 

~ 
reJ;'lioate 2, diapa.use in dry vi&ls W&s <5% higner, whioh 18 a. " 

/:' 

sma.ll differenc9. It W&8 ooncluded tha.t moisture leveis in the 

substrate did not have a. noticeab1e effect on diapa.use,' 

a.lthough under cer-t.&in conditions it did a.ffect mort.a.lity. 

There wa.a no ai.gnif'icant diffèrence in percenta.ge of 

&duIts emerging by da.y 13 from 1arva.l-pupa.1 ecdysia for any 
, . 

group, - oontrar)' to Uahohekov (19'75), who reported prolonged 
1 • 

, , 

pupa. ~n in dry conditions. Lea;vinl vials ôpen to the a.ir, 
" , 

N _ l 

ra. ther tha.n. !llhclosed. in pla.stic baga. w here h umidi ty W&8 , , 

rela.tively oorus't&nt, rni,ht give different ~sults. 

,tt. wu conoluded ths.t a. moist; aubatra.t.e was be8t, but, tha.t ' 
, 

levei of rnoistwe w.&S proba.bly, not ori tioa.l, 'beea.use dry 
, " 

cotton ga.ve eimila.r . resul~ . 
• r 

. , 

, f 
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Figure 4. Rea,ring a.nd sa.mpl.ing plan for nondis,pa.use 'and 
control Unes of A. a.phiclimY2ct. cAU ' 
geners. 'tions of nond.i:&pa.uae lines a.nd sample pla.n ts 
from cont.rol lines, rea.red. ùnder LD 8:16 
(21°0). 
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aa.mPliDg Procedure' 't:or· Bacb< Genèr'at.ion 

~ri~, the first_ year ~ re~&roh, 2QO-300 mature larv&e 

fram each genera.t1on were or8.ndomly oollected t'rom a.ll 
o 

ovipoaition plants, over a ~-3 d periode Because freeh .. 
. ovipoaiUon pla.nte ;yere placed in' caces d&ily ·for 3-4 g., 

...... pIe Ia.r: .. e QO\Ù<I come fram e""" laid on "'rut..: .-' 
n;l.ghta. ...." . 

After it. wa.a found tha.t. developmènt t.ime of di~paWJing 
r' '. 

79· 

" . larva.e wa.e significantly longer by' &l.m.ost & "ds.y t.han tha.t of 

" , 

. . . ) 

.. ' nondiape,using la.rv&e (pg.120), the sa.mpling procedure wa.s 
, • 1.. 1 ~ 

1 

cha.nged ,1.0 avoid bias in samples resulting from oolleotîng 
, -

only early ma'turing larva.e. BeCinnj.nC ~th F14 of. 

FIN(ND), one of the four oviposition pla.nts from ea.oh 

"enera.tion we.s ra.ndomJ.y deaigne .. t.ed the "oheck" pls,nt (Figure 
,. 

'., 4.). AU la.rva.e (200-400) from this plant ,were rea.~ a.nd 
t:ta , ' 
collec~ in via.ls over 8. 2-3 d period. If more eggs ha.d been' 

le.id on this plant tha.n were needed, 4":'6 leaves were picked 
, 1 ~. 

ran~omly and &11 eggs' on these\ lea.ves ~'we~ re&red. On the . 

sixth da.y of la.rva.l development, the entire "check" pla.n1;.. 

bea.ring 1&81, inst.&r la.rvae, W&8 pla.ced in. an infla.ted pla.st.ic 

b&g (29 ~ ,34 O~) "-'to,et.her M t.h &, aupply of - &phids: Thua, 
~ 

la.rv&8 rea.dy ta spin cctcoons could not wander a.W&Y durin. the 

,1 

lut night. of la.rval development. Mature larv6.e were collected .. . . ~ .. 

" . 

in viala the following morn~ng. 'and thœe not re&dy tO spin 

bococins were given .more apl,?-ida &nd returned, to the inouba.tor 
. { 

to continue feeding. The same' se.mpling procedure. wu 'followed 
, '" 

l ' 

in a11 èxPeriment.s in whioh dia.pa.ueé incidenoe W&8 determin.ed 
d. • 

for l&rva.e ree.red under' va.rioue.. oQndi tlons. ' 
1 

'. 
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Reau1 ts of experiments were a.nalyzed using a.na.lysit of 

va.rianoe (ANOVA) ,a.nd X2 test for heterogene.ity where . " . 
'a.ppr6pria.t.e. Pea.rson'a produot moment correla.tion coeffioient 

(PPMC) (SAS Ueer'e Ma.nua.l, 1982&; pp. 800-304) wu used to . 
determine cOrrelations in dat.a. wit.hin linea and between 

lines. The lOC, finisé:'r'--1D.odel for oe:~,orioa.l d~ta. (Soka.l and 

Rohlf .. 1~81j SAS User'a Manua.l, 1982bi ~27'5-286) W&'8 

" ,. 
a.ppli~ ~ relaxed aelection reaul ta. ,Meana in t.he releaae 

r&te8 exJ?eriment. were compa.red usina Tukey's St.udent.ized 
, . " 

ra.nae. 'te&t. 'for va.ria.ble tSAS Ueer'e Ma.nua.l, 1982bi pg. 12:5t) • 

. , 

80 

.. .. . ' Time' ee.ri~ a.na.lye~ (~~enàre and ~endre. 1983, pg. 

wu performed on JI'IN(ND-) da.ta. to oheck for oycl,ea in 

361) . " 

,'" 

.,' 

. 
" " 

" l , 

diapa,use 

incidenoe. In a.ll teat.a, 'the levei ~f ~igni;fioance wu e~ a.1'. 

ex =0:05., 
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SECTION 3. 

G_nC SlLBCl'IOlf OP NOIfDIAPAUSING 

APBIDOLBTBS APBIDIHYZA 

, 
..- 4l'he following, section desori ~8 genet.ie seleotion ?f 

. ' 

nondie.pa.uaing lines of A. a.phidimY2Ct' and the ~Va.lu~t.ion 
of nondia.pa.use and contrOl. (unae1eçted) lines with rJepe~t 1.0 

mOrPh~Ogy, s~x re.t.io a.nd fecundity. Tae effect of rÊ!üa.xing 

selection, prea.eure on die.pe.use inci~enee e.nd the inherit.a.nce 
p. " ./. 

of dia.pa.use in A. a,phidim1l~Q. a.re exa.mined, followed by a. 
\ 

, 0 

series of experiment.s inv~st~ga.ting the relationship between 

r&,te of la.rv'a.l development a.nd dia.pa.use lneidence. 

The, possible. C8.uses of large fluctu&tions in dia,p&use 

reaponse from genera.tion to· genera.tion wer,e aISe studied. 

including the influence of a.phid hoat ·pla.nt qua(lity on 1 

, 
.diTur.e in A. aphidimyza la.rva.e. 

. The conolu.ding cha.pters de80ribe nondia.pa.uae selection 
. ~ 

experimen ta under f1 uct 11& ting thermoperioda a.nd th~ testing 

rJt. nondie.paûs8 lines under wint.er greenhou8e oonditions. ,. 

. '" 
j • .. 

c . -', 
, 

.' . , 
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\. " 'f 
:'.:~ 

" " 

81 

. ' 

. . 



o 

'; 

( 

... 
GBlfBTICWRiI!LBÇTIOR OP NOBDIAPAUSB LDfB8 .- ~. 

Onoe A. aphidimyza. Unes were esta.blisned in the 

1a.bora.tor~ seleotion for nondia.pa.ùse wa.s underte.ken. 

Ma.teria.ls e.lfd Methods. In a pÎ"eliminary study~the sa.me ., 
., , " 

peroenta.ge of FIN 1a.rva.e (80-90%) dia.p&used under LD '12:12 .. 

" LD 9:15 ~nd LD 8:16 (2100). Therefore, Unes seleo~ed , 

for nondiapa.use (ND) were képt oontinuously in a. largè 

oon:t.rolled environment ohamber under LI), 8:16 (210 0). 

This photoperi~ regime wa.s ohosen a.s the' ts.rget 

"photope~iod wi t.hout dis.pa.use" to permi t selected lines t'O 

~ used du ring the shortest da.y~, (8 h)' s.s fe.r north a.s 
- , 

500 N la.titude. This is a.pproxime.tely ~n line. wit.h the 
, . , .) . 

G&spe Penninsuls. (Que.), Regina. (Sask;-)-. Ca.lgs.~y (Alta..), 

a.nd the Fra.!er River valley (B.C.); it enoompa.sses most 

,~Ca.ne.die.n greenhouse reg~ons. The shortest. winter d8.ylength 
n 

in Montreal (lat.. 450 25'), where this resea.roh W8.S 

conducted, is B h 44 min' from sunrise 'to 8unset. Bece.use t.he 

photosensi ti ve threshold for A. aphidimyza ws,s not known 

a.t 'the time, ci vil twilight was not' includet\, in ce.lcule.ting 

minimum winter Qe.ylength. 

82 

Nondie.pe.use seleotion, was e.ccomplished \,y breeding only 000' () . . 
- . 

from a.dults that emerged without die.pausing under short day 
• t "', 

. . , 

condi~ion6. The pea.t m~s s~bstrat.e, ,containing di~paUSing .. 

, la.rva.e, was discarded a.i. ee.ch genera.tion (21 d) to prevent . , 

' ..... 
individua.ls that had di~pa.ùBed from mating wit.h nOIXqia.p&~e 

a.dults of a later genere.ti'on. 
, 

Five nondia.pe.use lines we,re selected: two F.IN Unes, t,WQ 

QUE, lines a.nd orie ARB2 lin~. Enough larva.e were reared 
. ' " , 

(>100<?) to ensure tha.t >200 adults em."rsed in Fl 

. , 
a 

" 

," 

i 
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,enera.tiona, ~hich .w&tJ auff'icient. :te e~'t.&b~ish aeleot.ed 
. ~; 

Unes wit.hout intense inbreeding, The 'fint ~5 genere.t.ions 
" ,--

• compriaed 200f500 a.d~lts. L$ter g~nera.tions comprised >1000 
"\1\ \ ' 

&duIts) beca.u.a~' die.pe.uee incidence We.8 low a.nd meat of 'the 

lOOO-200~ la.rv~ re~ ppr .ener~t,ion pupa.t8d. . 

ea.~ 200-S00 ,la.rva.e from ea.ob nondia.pa.uae genera,toion e:re 

pla.oed in' ea.mple vi&1s. whioh were exarnined. da.Uy. M'ter 
- J 

21 'd, coooona rème.ininf· in cotton were diBeected, te 

de'f:.erinine whet.her the~ 'oont&ined dia.pa.wsing larva.e, ia.te . ' , 

~developi.nj( pupa.e, dead larva.e or dea.d pupa.e. 
, 

Up t.o Augu.et, 1983, dia.pa.u.ae incidence in control Unes .; 
c.. . . wu ohecked OOO&8iona~ly by rearing a. sample of' la.rv&e under 

L1)~ 8:16, F.req~ent ... mpling fr'om coo,r01 Un ... bef .. n ... f'ter 

ra.ndom checks\) showed ~hat di~J?&use in the FIN control lines 

had· dropped t'rom thé initia.l 80-90%. After August 1983, , . ~ , -
ovipoeition plants were ple.ced in control line cages on the 
t'. t 

J aa.m~ day plants w~re put. in nondiap§-use line cages. E>la.n;t;.s 

from t.he control - ma,ges we~e moved t.o LD 8; 16 the follow~g -

morning a.nd ·la.rva.e were rea.red and collected in sa.mple,' vials 
~" _ 1 

~r the sa.me oondit.iona a.s larv&e ,from nond.ia~u8;' Unes , - , 

(Fig~re 4.). 

Pearson'à produ,c't;- moment correla.tion coefficient W&8-1!J.., 

used .te determi'ne correla.tions between .percent.a.ge of 
\ . 

diapau8e, 1a.te pupa.tion, "la.rva.l a.nd pupe,l morte,llt.y, • 1 • 
, 

.. percente.ge of adulte emerglng by da.y 13 from larva.l-p'4pe.l. 
, ' 

ecdysis a.nd ratio of t.wo kinds of females in the genera.tion'.' 
f , \ \ ~ " ' 

To compare pupa.l, dura.tions: t.he percentige of a.dults 
, 

8merging by the 13th da.y 'a.ft.er 1arv'a.l-pupal ecdysis ~8 'tI, '~ • :,' 

us~, rather, than time t.o .50% emergence,' because emergenoe: 
f., , 
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• le not oontinuous over the da.y. Adulte emeree 1-2 h before 
• 

onae~ o~ d8o~~eH, :t:r:e e,fore. thoae co~nted in ,vi8ola every 

morning h&d a.U omer 801,' 8obout the e8ome· time the previou8 . . 
èvenin,. It wa.a &8eumed that the r8otio· of male-producing t~ , .. 
female-producinc temalee in a. ,ener8otion W&a the aa.me' a.e the 

MX r8ot.io lm. the fOll<i~ cenera.{ton. '0' " 

IJe8u1ta and ~ Reaulta/of nondiapa.uae 
. 

selection are diacuued aepa.ra.tely for 8&Oh line, AU -. , 
genèrat.ion data. for control a'nd' aeleoted linee is ,included· 

in Appendix .. B; a. summa.ry for e.i! 'Unes ia ,iven in Ta.'bl~ ~. 

nK(1Q) $lI'iCure ~.) lI'ifty «ener&t.ioila were r&red under LD 
1 • 

8:16. There ,wa.a a. ne;a.r],y Unea.r decrea.ae in 'dia.P&U8e ot l~" 

]!1er ,ener~tiob. in th:e tiret t'ive, genera.-tions. Dia.pa.uae 

inoidence a.vera.ged Il'' for F5-Fso, which wa.a 

°sigi.ùtica.ntly lower '(ANOVA, F=46.6, df'=T1,79, oI,p=Q.OOOl) t.h8on . 
'the me80n of. 48% for the !l'IN control line. Deta.i.led .. 

" 

ev8oluation and genetios experiments were 'conduo~ed on thia 

Une. 

IPIH2{BJ) (Figure 'fS.) Selection of' t.his line trom the FIN 

control line ~ga.n five monthe 80fter beginning selection of 
,t 

FlN(ND). Six' generà.tione were reared, enough to demonstrat.e 

nondie.pa.use selection from 36% diapa.use in F1. to a. 

:mean ~f 11% for l"Z~6. • 

QUB(~> <ll'igure 6.) Percent.a.ge of diaPa.UBE) decre&aed 

ra.pi-dly frOm 61% > ,ta 3% over the °firSYfive genera.t~ons. with 
, 

a me an of 3% for Fs-F9. Law initia.l dia.pa.use 
, ' 

incidence may h:ave' been a result of ina.dvertent seleotion 

(' 

~ for nondia.p&use l&rv8.:8 'during field collection or ma.y 

, 1/ 

',. 

refleot a. wee.ke~ response to short da.y photoperiods a.s a oue 
.) 
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Figure 

- a _ ' 

() 

&. Percent diè.:pawse in PIN lines of A. _ 
a,phidimy.llG, reared under LD, 8:160 ,(21OC)-. 

... 

-, 

Arrow marks beginning of simult.a.neous âe.mp!ing 
from nN(ND) a.nd P:Q.f cont.rol linea.' Vertioeol. lines 
repreeen t exaot 95% binomial' .oonfidenoe limita,' 
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Figure ,6. Percent, diapause in QUB lines of A. 
• ~ a.phidim-y~., reared' under LD 8:l6 (21OC). 

VerticaJ. lin_ represent ex&Ct 98" binomia.l " 
conf~~enoe 'limi 't.8, tI " 
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for diape,use induotion compe.red to FIN Unes. Only l ma.le 

(to 130 fema.les) emerged in sa.mple vials trom 11'6. 
G 

therefore, ca. 20 males from the QUE control line were a.dded 

1.0 the ce.ge. When only females emerged in F9, 'no 

furt.her effort.s were ma.de to oontinue this line. . 

QUB2(1fD) (lI'igure 6.) Selection bega.n simulta.neously wit.h 

Fs of QUE(ND). a.fter sex' ratio became a. problem. Bex 

) 

. ra.tio in QUE2(ND) rema.ineq. sta.l?le (mea.n of l ma.le:2.9 

fema.les) for 10 'genera.tions. Dià.pa.use incidence deoreased an 

avera.ge of 15" par genera.tion for the first :5 generation, 

and avere.ged 6% from 1I'4-F10. Alt.hough a promiaing 

Ùne, it. wu discont.inùed in fa.vor of FIN(ND), in which sex , 
ra.tios were' a.lways st.a.ble, when it beca.me necessary to 

elimina.te sorne lines to begin eva.lua.tion experiments. 

ARB2{JfD) (Figure 7.) Selection for nondiapau~e ~gan after 

the ARB2 control line pa.d bean rea.red as pa.rt of a.not,her 

research project 'for 11 months. During "the first seven 
>,1. 

months, die.pa.use inoidence in the ARB control line a.veraged 

69" under LD 8:16, then bega.n 1.0 drop. During the second 

year of ree.ring, diapause in ARB2 control aver&ged 33% under 

LD 8:16, significa.ntly lower--(ANOVA, 11'=20.54, df=1,21, " 

p=O.OO~2) tha.n t.he fu-st l'ea.r. The mea.n 'of 23% dia.pa.use for 

14 generations of ARB2(ND) we.s lower, but not signifioa.ntlY 
t 

• 80, tha.n the ARB2 oontrol line (33".,)' during t.he salIÎe period. 

Although t.here wa.s no c1ea.r re8PQnse to nondiapauee . , , . . 
selection in the ARB2 line after a. yea.r of la bora. tory 

rearing, t.p.e swift d'ecline in di-a,pause incidence in FIN and 

.QUE lines under nondiapause selebtiol} wa.s aimila.r ~ -reaults 
, 

obta.ined in ot.her insect apecies (c.f. ~a.rry a.nd Adkisaon. 

, \ 

\ ' 
\ 
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Figure 7. Peroen t. diape.use in ARB2 lines .. of A. 
a.phidimy2Q" rea.red under LD 8:16 (2,100). 
FIN cont.rol line date. inoluded for oomparison. 
Vertical lines represEmt exa.ct 95'" binomial 
oonfidence limi ts. ' 
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1966; Lees, 1968; Gla.as, 1970; HelPog e.nd PhillipaJ 1974).-
~,. J' 

Possible oe.uee8 of ina.dver't18nt. nondia.pa.use select.ion in 

cont.rol lines a.re discusaed on pg. 136 .. 

There wa.a a. wide va.ria.tion in percent.e,ge' of a.dul1;8 

emer.ring by c:ia.y 13 in ooth 'IN a.X;d ARB2 ·nondia.pe.uae and 
1 

cont.rol lines (Te.ble 3.). The meana for P'lN(ND) (46") e.nd 

FIN control (49~) did not. differ signifioe.nt.ly trom eaoh 
" r' 

ot.her, nor did mee.na for ARB2(ND) (44") a.nd ARB2 control 
, y 

(46%). The mee.n ,for ,~IN2(ND) (6S%) wa.e, not eignifica.ntly , 
...... '.1 .. 

different. from FIN(ND). The QUE(ND) Une wu eignifiQa.ntly 
, " . ' 

slower t.o devel~p (ANOVA, F=lS.72~ df=1~14. p=O.0007) . t.han 

"th~ FIN(ND) liner wit.h only 4% emer.~ by da.y 13. The 
~ - , 

Qb~(ND)' Une, sta.rt.ed,'three .mont.hs la-r.er, de';'e1~pëd muoh 

92 

'. 

,fa.st.er ~ha.n QUl!l(ND) , wit.h a. m~a.~ emergen~ of 58% on da.y 13. 

, 'Tha may refleot. t.he rea.ring method ua;ed during t.he tiret. 

'. t.hree ~ont.ha~ whioh WM biued 1?Ow.a.rds 'otf9r~n, of the 
. , 

, . fire't ad \11 t.a ~ t.o - emerge. 'As aoon a.s t.he tiret." m~ciges wère 
~ .. - . - . 

'preeeI'it, eggs. were oolleo~ -&.nt.il enough were ob,t8.ined for 
'\. , .-

, 'the nen' ge~era.t.ion. Tet avoi~ ~~rt.h,er ina.dvertent. seleot.ion ~' 
'. \ # • 

for' early emergénce :(iuring subsequent genera.t.ions, pla.nts 
.-

\ were not put, into oagea for oVipoeition until adult,s he,d. 
~ . 

been presen.t. for t.wo days. Thua, eggs' were- ob"te.ined from à8 
, ' 

\ 

ms.ny diff~rent. fema.les e.s possible. Int.ereat.inaly, it. W808 
• - , ~ -" t ' • -, • 

"the slowes't devt,lopJ.'1l.g line~' Q.UE(ND), tha.'t diea out. due ta 
- ~ ...t... • - , .-

, ..... . ... 
'a.n extremely unba.la.noed &ex rat.io. It. i., not. known~ h9wever, 

whet.her t.hese f~ot.s ~re oonneot.ed. 
"-:' 

A-It.hough oorrela.t.i~ns "(~PMC) wElre run on a.ll da.t.a. from ... 

,. ea.ch line~, only signifioa.n t oorrelat.ioz;s are gi ven in 
~ \ III ' .. 

Ta.~le ~. Nega.t.ive oorrela.t.ions between dia.pa.uee ,inoidence. 
" .. ' . 

0, 

" • 1 -' 

.' ,-
- \, 

'. 
'. 

. ' . ,c. 

" 

.. 
" 

.j..' 



.. -

'-

.\ 

.. 
, -

.... 

_ "_",,,,,,,,, "t!IIll'ot""""lll">i!r" .. '~~"4,"" "'"'!!>""''''' ,_ -~~h'".,..,..~,_ .. ~ _ .. ~~ 
/' 

.' 

" 
t- , 

_ ,,~~. , ,J 

" 

'.' .... ~ 
/ \ , , 

TABlE 3. Mèins of dJta fra. all Unes of A .. aphnlt!y%!. 

Numbir of ~ ,­
Generations 
or Samplès' 

Une" .. 

JI> 

30 FIN contrC?1 2 

" Di apau$e1 
S Late'. 

pupation 
S Mor,ta lit)' 

larvae pupae 
10. _' • ., ..... 

h X + SE x + SE -; x + SE -, -
... 

48.4 ,:t.4.4 2.7 +'0.5 - , 
2.2 + 0~3 2.4 + 0.2 - '-l ' 

f' ~ 
• 

~- , 

-\ 

;;. 

,1 

. Sex ratio ' Emergence 
cr :~ by day 13 ;,~ 

'i .±. SE ië ± SE 

1:2.5 + 0.9 49.4 + 9.8 
~ - -

~ 50 FlN.!ND) 
, 1 

- 11.1 :!. 1.8 3~4 +·0.4. . .., 3.0 !.'0'.2 4;5 .! 0.4 . 1 :2,.5 .!. 0.2' 46.1 ~ 3.5 

1 
6 FlN2{NO) '10 •. 7\ + 2.3 ... - . 2.5 !. o.a . 2.8 +' 0.8 4.1 + 0.9 1:2.7 + 0.4 68.2 .!. 3.9 .- - -. 

,.9 QUE(HD) 3.1 .!. 1.·2 '1.1 .! 0.5, 3.1 .! 1.1 ~.6 .!. 1.4 1:46.0 !. 20.1 4.5 .!. -Z.I , 
10 . 'QUE2(ND) 6,-1 + 0.8 

, -. 2.5,!. 0.9 3.4 i 0.6 4.0 :!. 0.8 1:3.0 + 0.6 . -. 58.4 .!. 6~a 

ARB2 control· {YI" 113 
" 

9 68.7 .!. 6.6 
. . 

2.8'!. 1.9. 3,!7 .:!:. 0.9 '.3.1 .! 0.7 : 1 :11'.4'!. 9.8 ' 6.'2 + 2.4 
-

, ; 
13 ARB2 control (>yr 1) . '. 33.4 1., 3.8 . 

t4 AR82(ND) 23.1..:!:. 5.0 

3;8 ! 0.7 

5.1 .:!:. 0.9 

2.-4 .!. 0.2 3.5 .:!:. 0.6 1:1.6, :!. 0.2 4S .. 9 .! 6.4 ' 

_., ,2.1 .! 0 .. 4 4.~ ~ 0.6 l:l.~ + 0.3 44.0 + 6,.2 ·r .... - . -
, , 

• " . 
1 I~ nondiapause-s:lect~d lines, ~ !,~~,iaiculated.after d1apause 1nc1~ence~app'è~red,t~ staQ111ze [!IH(N~}t 

F~N2(NOJ. F2-:-6' QUE(HO), fS-9, ®t.'\"!)~'. F4-lO', AR82(NO)" Fl;'l4]. "" " , , , 
F6~50; .. 

2 Oat~' fram sampl es match1ng' FlN(ND) generati~r.:s. ' "',: . . 

3 F1rst ~~ar of rearing. before nondiapause select1on' ~tarted. 
. , 

~ 'i ~ , 
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TABiE 4. Correlations in data 'ra. genaratton to gener.tt. tn Un. of !. ,.pMd1.za., " 
rea~ unde ... LD 8:16 .1·C). ' , .' 

• .. ' 

..,. 
" " Number Correlation between Çorrelatton' bet~~-

of J d1apause and J d1apause and ~ 

Li ne Generations ~ emerged by day-13 , pupal MO~al1ty 
q 

ri p r ' p 
• 

, ,fIN control '30 -0.2843 0.\218 -0.5671 , 0.0011 : .......... :-
, , J',. FIN(NP) - ,. 

50 .. 0.4822 0.0004 -0.5096 0.0002 . ' 
", . ~ - -

. QUE2(ND) 10 0.6467 _ 0.0433 -0.5949 0.0697. '. 

ARB2 controL '13 G.4628 0.1112 
.- , 

-0.6412 0.(1l~2: ,- .. 
,,-- ' , • 

ARB2(HD) 14 -0.5363 0.0480 -0.4134 " . 0.0875 

REl2 12· ' .. 0.2382 0.4559 -0.76-22 0.0040 

, .. 

1 ?earson product momènt co~relation·coeff1ctent •. ... 
, " ~ 

" 
~. 
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'\ <" 
a.nd peroente.i:~ emerged, by d&.)t 13 ocourred ,in non~ia.pa.u8e 

i 
Unes •. but not control lines; the implioations of 'this are 

disoussed 'on pg.133 . Dia.pa.use - incidence w8.snega,tivelY 

oorrelf),ted, either signifioantly (p<O.05) or modarately 

(~O.l), wit~ pupal morta.lity in a11 Unes. This is not 

s.urprising, since a lower diapause inoide~ce 'means a higher 

proportio~ of pupe.e were present. La.rval mor;ta.lity did not 

increa.~èJ h~wever. whan diape.use increased. ln vials witb 
, , 

:6nly die.pause larvaa, mortali ty waS extremaly +ow or zero, 

where&8 in' mixed vials i t W~6 higher. Although there W8.8 

little diffex-enèe between mean larva.l and pupa,l mortalities, 

. it. appe,~rs ·th~t ID,08t fa.ta.lities occurred in pupation 
o 

orieht.ed larvae. Bece.use pupe.tion requires "switchi.ng on" a 

naw set of genes, it is probably more frequenty fatal. 

, It is likely that select.ion for low dia.pause incidence, 

under LD 8: 16' (21OC) , succeeded beca.use the 

genotype(s) resulting in nondia.pe.use under the'se conditions 

occurred with intermedia.te (ca. 20%) frequency in. the 

pa.renta.l population. If nondie.pa.use ha.d been 80 ra.re trait, 

selection would ha. ve been unlikely to succeed (Falconer, 

1981). 

The 'fl\lct;~tions ~rcenta.ge· of diapause from 

. genera.tion ta generation show th80t the nondiàp8ouse trait was 

'not in equilibrium in tbe FIN(ND) popula.tion. Beca.use 

diap&.use persisted in the popula. tio~, even a.fter 50 
-

'·genera.tions of sel~ction, it io unlikely that a completely, 
, 

diap8ouse-free Une of A. aphidimY2Cl ca.n he obtaiJ;).,ed 
~ l-

using these methods. This may be because' dia.pau'B'e is a. ' 
, 

threoholl chara.cter; there io ao underlying continuouo 

, , 

. ' 
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ve.ri&tion, ,ot .lia.bility, whieh j.a ooth environmente.l a.nd 

genette in. origin,~ with e.' threshold At. Borne point dividirig 
l '. 

the populat:tort int.o t~o phenotypes (Falèoner. 1981). Within 
" 
these two groups are individus,ls with diffèrent li&.bilities. 

bu.t a.a long e.8 individuals $ore 'in the desired phenotypic 

. 01&88 (e.g, nondi&~use), artificial sei'ec~on ca.nnot' \ 

dietinguiah between. the.m~" Sorne individua.ls with a rel&t.i~ely. 

high li$obUity to d;i.apa.use,oould be present in & 

nOndi&paua;-ng popula.tion. perpetua.ting di&P~use genes.· The 

persistance of di&pa.use &fter Many gen,era.tions of selection 
, 

ina.y &1so have l:iean beC&use' individua.ls with low liability. to 
, '\ 

dia.pa.uae were s~ected against. 'Jf low lia.biity to diapa.use· 

wu 8.Ssociated a.t the genetic level with disadva.nts.geou's 

behavior (à.g., slow la.rva.l feeding re.te, poor see.rching 
'" 

a.bility) or poor environrnenta.l a.da.pt.e.tion. then they would' 
.' 

.be a.t à. sèleètive disa.dvanta.ge compe.red te nondia.p~use 
. . 

le.rva.e with. a high'er liability to diapause. 

~ Bece.use the original FIN Urie had been a' labore. tory line 

. ~r;.. 14 ~ea.ra, o~e' might expect grea.ter va.riabllity in 

dia.pa.u~ '~esponse be~ween individua.ls in th~ population: ~8 8. 
JI 

result; of .ra.ndom genetie drift. Those individu8.1s with 10w 
, ' . . 

li~bili ty to diape,use would not have been elimina. ted every . 
4 ..... 5 genera.tions as occurs in na.ture ev~ry fa.ll. The wild 

lines the. t beca.me esta.blished in the labora. tory. however. 

'exhibitep a. similar, or, lower, die.pa.use incidence unqer 
<> 

LD 8:16 (210C). Thua, the la.ck of die.pe.use selection in 
a 

the long-running laooratory line may not ha.ve a.ffected the 

equilibrium level of dia.pa.usé genes in the popule.tion. 
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. MORPHOLOGY 

:Adul'ts were, examined fo~ possible .oh~nges il!- extern:~l 
, , 

l1\orphology :the,t 1 might result trom inbreedfug: genetiÇ) drift" . 
'. , ' 

or' selection pressure. 

Me .. teriala ~ Met.hods., Se.mples, of 20-50 e.dult.s of. both 
. , 

sexes were taken from each geners. tian of nondi&p8.use lines .. _." , 

and periodioal1y from control Unes. SpecimenS, were 
• l ' \ • 

l , 

preserved in ~O% methy l' e.lcohol s.lld examined . under the 

microscope (50X) for gross 'physica.l anomalies: 
, . 

Resulta and. Dhscussit>n. No 'mor}?hological diff~rences 

were found. Rela.tive!)" large populs.tions weré maintained 

most. geners.tions, whioh provided a large gene pool and 

prevent.ed exce8s~ve inbr~eding. Detailed exe.minoation of 

FIN(ND) specimens was diséontinued e.fter 21 generat.io~ . 
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,r It. wa.a important. te monitor BeX ratio in. A. 

, . cl.phidimllZ<l be~use severai wild Unes had shiftéd to a. 

< .. 
\ . 

sWle èex, under la.bora.tory·, ree.ring. As in' many other' D 
\ 

oeoido~id •• A. aphidimYZ4 ie monogenic. so aU 

. ~ffspring from one feme.le a~e .of ~he aa.me at!tx (Bell. 1976). " 

Therefo;re, it is' possible tha.t.: &rt.ifioia1 eeleotiori for .. 
nondiapau8~ could change &ex ratio if l-i .&.ffected 

ma.le:-produoing and fema.le-producing fema.les c;lif1erent1y. 
,~ '" -

1 r • _ , \ 

Material.8' and Method.a.' Bex of e.dulta -.mergfug from . -

sà.mpl,e' ·vials w4e TecOrded da.i1Y arid used to calcul~,t.e sex. 
". 

ratio for each generat.ion and to de~rmine emergence curves' 

for ea.ch. sex. 
-' ~ . 

Resulta a.Da~. Mean BeX ra.t.io for 8011 ~ 

g~nera.tion& of- FIN(ND) a.nd I!"IN cont.rol avera.ged 1 male:2.5 

femaJ.es; mean for the six generatiOns of FIN2(ND) ~&S 1:2.'7-

(Ta.ble 3.). This agrees with t,he ratio of 1:2-3 repor~ bl' 

. Ushohekov (1975), 8olthougl). i't ditfers from the 1:1 ra.tio 

reported by 8e11 (1976) a.nd the 1:1'.7 re.ti6 report.ed by 1 . 

Uygun . (1971). Varie.bility fram genera.tion to genera.tion in 

sex re.tio cr! 8011 FIN Unes wa.s simi1a.r, witl'. the exceptiqn , At \ 

of on~, FIN control ,a8omple co11ected 9 M8oY. 1985 (1:28). Mean 

sex r8otio in the QUE2(ND) line' wa.s 1:3. a.nd a.ppea.red· to he 
" . ~ 

quit.e sta.ble1, unlike the first nond.ia.pa.u$e Une. QUE(ND),. 

which ended in 100% females after 9 genera.tions. Mean s6X 

.j;",tio of ARB2(ND) (1:1.8) w80s 'Simi1ar to that of the ARB2 

oontrol Une (1:1.6) during the sa.me period. 8o~though during 

·"the· previou'S year. before nondiap8..u'Se 8elec~ion .bega.n. ~ex 
1 

-ra.tio varied -widely trom 1:1.2, te 1:90. It appe80rs that if . 
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(, 

wild colonies did not shi:ft tO e.. single eéx during tbe firet 
. . 

few gener&:tions in the 1~bor&tory. then Bex ra.1;.io .beca~e 

more st.&ble with time. Thia ia coBSist.ent, witb the . , 
.' o~ve..tïon that wide, re..ndo~ fluot.ue..tions in ,ene 

- A 

1 

. -. 'f~uenoi_ ocourrinè in ama.ll POpule..tiOlla tend te re~h 

equilibrium a.1'~r several "enera.t.iona of re..ndom ma.tihg 

(P61ooner, 1981). A &ex ra.tio bia.aed tOw;'rd femalea .is ., : ,~ 

unuauaJ..· however. HaJ;Jlilton (1967) dra.W8 & paraUeI between 
, . 

t.he ùn.usuaJ. ohromOsome cyo1es found. in CeoidoInYii4a.e" in ' 
\ 

whloh pa,terna1 oh1'?lnosom"S are elim~&ted. a.nd &rrhen~tokoU8 .. 
DloP8S of reproduotion, in whioh ma.!. are hap10id. In 

arrhenotokJr, -·femeJ.e bi~ sex rat.ioe predominate. wit.h sex 
, . ,", 

of offsprins' depandent on t.he phenotype of fernlles. It is 
, , 

furth~r oha.r~ by ea.rly em,ergence, of me.les. t.he. . 
. . ' 

,6bility of me..lee' ta mate ma.ny timee.' &IlQ the oa.pa.bility"of 
" . 

femalea t.o store aperm, &U ohe..r~terist.i08 of ceoido~il~. : 

8uch '&8 'A. - a.phidimyza. .(Hamilton, 1967)._ 
, - ) . 

: The 'earlieSt emergi~ '&duIts in a.: ~aIl\ple a.re usually -

--males;, &hd, al thou'gh tim~ to 50~ eJUergence f~r bath' Sexes -i,~ 
, , - ' , 

,eimUar (lPigure 8.), t.he sex - r6.tio of adult.8 emerging, on 

è&ob day ohè,ngea. whi-Oh me.)r e.ccount for aome of the 
\ " 

,- . 
ve.riation in &ex ratio reportecl 'in the, litera.t.~re~ Sin~ aex 

ratio '&180 va.riee from ,ènera.tion te generat.ion, -rSpoI\'tS. in , 

99 

, 1 

, , " \ " ;r 

, ,-the 1iter~ture ~ 'on one 'ener'~t.ion or op -aman 8&mp1et? 

~ 

" ... 
" " . , 

" , 
" '. 

1 

.> \. 
\ 

, . . 
1. . / . 

- '"' 

, , 

.. 
"" 

, 

. '" ... .­. 

", . ~-'" 

J. 

-..... 

" 
\ 

," 



, i 
... _ .... 

0" 

t 
! 
; 

Figure 

-

,', 

" 

o· .{ 

; 

. 
" 

,~ . 
~ \ 

'. 

JI. 
l' 

, , / . ... -H,.~_ 

, J 

l' 

,-

. 
" , 

.. 
" . 

~ .. . -

. , 
,i. 

" , 

" ,-

0'-, 
'-o. 

", 
, '1 

"" ,. 
0' 

, Til , 

8. ,Compariaon ot" emèrgerice curies for males and 
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) 

To deiermine whether feounality had been a.ffected by 
. 

o nondiapa.use selection, the number, 'of eggs laid by indi vidua.l' 

femalee from FIN(ND) and FIN control line. W&S ,oompa.red in .. 
'" .. 
19'8,3, after 18 'enerat.ions of seleCtion. and a.c$ in 1984 • 

H 

a1'ter 31 aener&t.ione. 

Oviposi t.ion oages were 80seembled 

from~ gl8.8s le.mp globe$ (li om diam x 18 om high). oovered 

with nyloh meah a.nd set in hee.vy gla.as oult.ure dishes 
~ ~ 

(Figull"e '9.),. T~e importance of ca.ge deel4n ia demonstra.ted 
• 

by the fact t.ha.t. moat females dieci 'in preliminary' 

experiments" uaing o84es with hurrio8one lamp ch~mneys instead 
... 

of ,globes, bec&use 't.hey were O&ught in oond~nsed droplets on 
: , ' 

t.he çhimney "shoulders". Adùlts for tests oa.me from FIN (ND) 

a.nd l"lN cont.rol l'a.rva.e pupa,ting in indi Vidue.l via.ls ( ci ml) 
c' 

1 .. co <1 1 

m0i8t tU ter pa.per (O. 5 om) 'on the bot toIJ.l. 
, . . ,'- ":" .. 

wi t.h aq ua.rea of 

!J'pon ,eoJoaion. one ~ema.le and three ma.les were relea.sesi. Jn 
, \, 1 ~ • 

each. e&ge. When insuffloient. maJ.es emergad in' vials,' - ,::", 
, T'JO ~ 

, ' J .... 

&dditipnal me.les were a.dded from inain ,oagea to ma.ke J up the 
4' ,'o{' ': •• 

tot8ol of three . 

~ , Green "pepper lea.ves witli sirul80r levels· of ~ph1~ ',' 

,infe8ta.-ti~n were ,out trom. hoet pl8onts. The, ~t.iole'. 'of é~h . ' .. . ..... 

leaf wa.a inserted t:Q.rough a. §lit. in ~ra.filmJ' oovering '~' . ... ~ ... 
~J 

vial (8 ml) al di~tilled. wat.er. and one Je&f ~t' 80' time was 
r .. , t 1 

, , .. 1; 

pla.oed. in 'ea.oh ca,ge for oVÏPosition. Lè&v~ ..vere;' remo:ve,d '"and 

r$pl"oeé:;l bY ~entlY lifting glObe~' 'withoU1- Msturbing :~~~t.s 
resting , on ~the glus.v AU eg,s. 'On both 1ea.f aurfé.o~ w~re 

0, ~ . .; .. 
oount~ under 2!5X ma.cn,ifioe.tion. Rggs did not.' h&toh·'·~til' 

" r " \ 

the thtrd da.y. which "made i t poSsible t.o repla.oe- lëa.-ves , . , ' 

, , 0 

. ' 
" 

, . 

9 ' 

'. .. ~ 
" 

" 
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rigure 9. OViposition oa.ge for individua.l. females. Glass 
globe is r&ised 1',0 repla.ce oViposir.-ion,lea.f . 

." 

:1' j • 

-, . 
~. 

. -
'- -

.. 

" 



, , . \ 

./ 

.' 

18.cm 

" 

• ; f 

1 • ~ • 

.. 'r- :7 C: 
" 

, : 

. " .. 
-,:..... . ' 1 

. , 

.1/[ 
c' 

r>1~VJ -

o" . " l 
\ 

" 
0' 

f" 

i==;=::::::-~r--::-P8pp.r, Le.' 
--

., 

)4------10 

OVIPOSITION CAGE' , 

.. . '. 
.... 

, 0 ~'I 

. , 

t 

.' 

, , 
ç 

1"11; 

" 

\ 1,' 

,; 

" -

" , 

. 
/ 

~, 



-" 

, , 

" 

'1 

. ' . 

\. ..f'J 

105 
, -

eyery two, da.ys, re.ther t.ha.n, da.i,iy, thus minimizing mort,ality, 

and Etsc&pea resulting 'f~6m hahdling:" '-/' 
~ 1 

Ca.ges w~~ ma.int.&ined' ~ntil7' ~ema.le8 died (ce.. 10 d) ~ 
1 -

• 1 • of, • 

, , 

. 

'whether or' no"t.' eggs Wére la.id" beca.use i t ,had bèn' observee! 
, l ' ~ 

,the.t toward the end. 'of t.:Q.eir oviposit,ion pèriod" 81-, pe.uee of 
, , ' "il{ 

one or two da.y8 cOuld oDOUr bet.ween periods ot oviposit1on ..... , . -' 

, . 
Most, m&les "died Wit.bin 2-4 d a.nd more' ~ere e.d.ded only if', .,. . 

,f'etne.les -he.d' not. begun ~ -Ja.y eggs; In 'prelitnina.ry work. i t. ,i'-

tI' ,-, 

W&I$ found tha.t onoe lIla.ted., fema.les-would continue la.ying 
, ' 

e,,~8 thzyughou1:'. their ,life $p~n, &ltho~gb 'la.tar ~ggs 'w"r~ . . ' 

not. via.ble ~e88 ,feJJl&les, were ma;t.ed a.g~in. Egga; were, ra.rely .: - . 

l&id the' ~ night. a.fter eoloeion, proba.bly beca.U8e 

Qvaries were' àot. deve1o~ (p~tcha.r~, 1961), but most bega.n 

" 

. ~&Ying the second night. , ~, 

" . 

, -' 

'In 1983", FIN oontro1, !ema.1ea in,oviposition oa.ges were 

kept in, LD 1'1:7 (~l9C). and FIN (NI» females were kept in 
, '. 

Li> 8:16 (2100). ~ 1984~ both groùpa were kept -in LD 
-. . 

- , 

. '_'_ 8:~6 (2100) ta conserve inculoe.tor sp8.0e. This ie not 

likel;:r to· have a.:ffeoted feo~ditY', a.ooording t.o Br8.dovsk~Y'a. 
.. 1 • 1 • ., , ... 

_ • J , • ". 

(1977), who found tha.t. there wa.s li ttle differenoe in 
~. ! ~ ':. 

feoundity- of femalee -kept under 10 h a.nd 16 _ h photophues' ') 

(200C) . 

" Two other OViP08i tian' testa wf!lre oond u,oted in 1984 un.q.~r 
" , 

conditio~s sim~la.til).g winter gr~nho~e' envi~nments. 
" ,-

Females tram FIN (ND) line were kep:t. Under' _LD 9: l~ wi"th 
,"" ' '" 

'2100 da.y a.nd 18 _ or 1500 nigh t tempere.tur~s., 
, 

Thermopl?-a.se we.s t.wo hours shorter :t.ha.n: photophase (pg.164 > .• 

Resulte a.Dd ~ion. 'Select.ion tor hO~die.pe.uee did 
-~ 

,\ . 1 not &f'fec~ fecundity (Table -5.). Thel;'t\ ~a.s - no 'signifioant 
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TABlE 5; C..,~r1son of fecundtty in!.. aeh1d111!vZa fr_ FIN (ND) and f:IN control' 1 IneS. . '.' 

t , . 
Year Li ne , ( 

~ 

Humber 01, 
n Tay1ng 

eggs 

--~--------b~----------__ ~ __ ~. 
- 1983 FIN control . 23 

FIN(ND) 23' . 

1984 FIN control ?6 
" 

1 ~ Fl~(ND} 28 
,: 

FIN(ND)2 : 10 

FIN(ND)3 io .~'. 

f 
I~' 

\ E99 
prodùctiof\ 

. (X ± SE) 

98.5 ~. 8.8al 
~ 

109.4 + 7.6a 
/ -, 

156.6 .!. ll.3b 
'" 

163.7 .!. lO.4b 

" 
98.3 !. '13. 7a~ 

118.'4. ~ 10.1ab 

l He, span (d) 

'ri + SE) . -
6.6 +.O.5a .-
7.6 + O.6a .-

'; 

In.S + O.9ab -' . 

8.9 ~ O.4b 
-

9.8 ! 9.6ab 
10.1 ~ O.6b 

. " 

/ , 

Humber of· ~'i. 
not· 

" lay1ng· eg'gs. 
1- : • 

5 

6 
,/ 

L 16 . 
11 

4 

2 

.. .. , 

,,-

.' '\' 

1 Means camparisons using 'Tukéy~s 'studentiied range test. Means w1th a cOIIIIIOO'letter are not 
s19nif1 qantly'different (p<O.05). 

1 \ 

·2 Reared under lO 9:15, TC 21:18°C. 
1 ." 

. 3 Reared 'u~der lO'9:15, TC 21!1~oC'~' 
. ' .' 

" ' .. 
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difference in mea.n number of eggs per, fema.le betwèen 

nondia.pa.use a.nd' control linès, a.t. conS1,a.nt 2100, in 

'either 1983 or 1984;, oViposition curves' were &180, very 
• , ) n 

simila.r (Figuré 10.).' Mea.n number of eglts per fema.le, 

however, w&a sigrrlficant1Y higher in 1984 tha.n 1983 for both 

linea '(ANOVA, P'IN(ND): 1"=15.3,_ df=1,49, p=O.OOO'3i, FIN 

control: F=15.9, df=I,4'7, p=O.0002). Nutrition of Â • .. 
Q.phiàimtl~ le.rv&e can a.tfect fecundit.y of e.dulta (Kuo, 

.' 
1976/'77, 1982; Havelka. and RuZioka., 1984) therefore; grea.ter 

, - 1 dl 

skill in mus-rearing later generations may ha.ve result.ed'1n 

better qua.1ity adulte. This COhjeoture is sUPPC:)rted by the 

eignj,ficantly ,longer lité apan (5t=1l d) among FIN control 

feme.les in 1984 tha.n in 1983 (x='7 d) (/t.NOVA, F=14.6, .. 
. df=1,47, _ 1'=0.0004). 

\ - Th~ 'n~~r of e',a 1a.l.~ under TC '21;180(), o.nd TC 

'~~ w~:v.e not significantly ,differeht from ·ea.oh 

~ther, however, number of eggs per female ln both tree.tments 

. W&8 significa.ntly lower (Tukey's studentized ra.nge test, 

p<O.05), th80n under constant. linoC. Life spans were not - , p 

significan try differen t. 

There ws.s an' extremely wide ra.nge in number of eggs par 

feme.le (12-276) from both linés. Since the environ ment wa.s 

uniform and 8uff1cient prey were provided during 1è.rval 

development, differenc6s in genotYPes of individu80l females 

m'y. largely &ccount for the qifferenoe. ln 1984, 20-~O% "o.f 

.feme.les, from bath FI~ lines, laid >200 eggs (LD 8:16, 
1 

. 210 0) 8.nd 23% of FIN control fem80les liv~ >15 d (one 

feme.le lived 24 d and laid 2'76 eggs). This is a. large e~ough 

proportion of the popule. tion the. t, genetio selection for 
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< lines with higher fecundity and longe vit y might succeed. 

Àlthough most -fema.les did not la.y eggs unless ma.ted, s. 

few vir.gin f'ems.les did eventually' do so. They la~d up "to 60 
- . . !: 

eggs, usually in large haphaza.rd clumps, unlike the normal 

pattern of 'cviposition, in which eggs a.re la.id singly 4)0r in 

, ams.ll clust~rs. It was e,1~ observed that individual feme.les 

exh~bited, che.ra.cteristic 9yipositicn pa.tte:rns, some lee.ving 

only single '3ggs, others leaving groups of '2-5. One fema.le 

laid egg~ 'only on t.he upper surf'e.ce .of leaves. 

llO 

An avera.ge of 25% cf' fema.les from both Unes never ls.id, 

eggs, despi te repee. ted relea.ses cf ma.les. Dissection showed 

-tha.t their cvaries ,conta.ined ca.. 40 developed eggs, but nc 

88.tisf~ctory explanation wa.s found fer their inability te 

o~iposi t. Bra.dovska.ya. (1977)"' fo~nd tha t the proportion cf 

'f:ertile fema.les varied 'with ,temper~ture and photoperiod, 
, 

with ca.~ 8% of females being infertile under LD 16:8 and 

20-25oC. In prelimina.ry tests, l found that 12 of 14 

.; feme.les (86%) kept un der LD 17:7 e.nd· 24-28oC for 

pupation never" laid eggs: TemPeratures inside vials may ha.Ye 
. 

. been, highèr, so it is possible tha.t high temperatures 

riege.tively a:ffected' fertility, This is supported by 
. 

Bradovska.ya. (1977), who found that ca. 40% of females were 

infertile â.t 300 C, rega.rdle~s of photoperiod regime. 

The infertile fema.les obta.ined from" la.rvae rea.red at 

2100 ma.y ha.ve been a.ffected by this temperature, they 

me.y nct ha.ve been sufficient,ly mated (à,lthough live males 
, \ 

were a.1ways present)" -or 'scmething about the cage 

environ ment may have inhibited ovipcsition. Another , . 

possibili ty is that the absence cf e. crepuscular period, 

';" 

, ~ 

1 
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Whi?h, accorcij.ng t.o Borne rese~rchers (Tiitt&.nen" pers. 

~ comm.) is neceasary for successf:ul oViposition in A. 

a,phidimyza J ' af'fect.ed some t'ems.les and not ot.hers. Becs.use,-
.(.' ~, 

b • 

numerous egg~' were la.id in incuba.tors, without e. 'period of 
diin light. bef'ore full darkness, no provision w&s 'made 'for 

8uch 8, period, which would he.ve reqÙired instal1e.t.ion of 

, e.ddi t.ionaJ. :timers ~d' 1igh ta' in, -a.U incub&tora. 
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Two' 'tests 'were conduct.ed ta :fïrid ,out whe'ther ~i&pa.use 

''incidence would incree.se in the .FIN(ND) line when select.ion 

pressure W~& re18.xed. 
,J . 

MAteriaJ.a a.nd.' Met.hod.a. - The tint. ,line '(RELl), beguUling 

~it.h 'eglts from Ff .. , W&8 ~.r~' ~?r ~O genère.tion~. The 

"'second line (REL2) eta.rted with egll8" fram ',' Fzz a.nd was: , 

Q re'8.red for 12 geriera~ions. 

To begin each relaxed selection line, ce.. 1000 eggs on 

'OviPQsi'tion plants were tt-ken' from the ,FIN(ND) oage a.nd 
.. • p , ' , 

.. p1a.oed in LD 17:7 for 1a.rva.l deve1opment. AlI genera.tions of " 

,RELl, and the tirst four genérat.ions of' ftEL2, were' rearèd in 

Climatoria under 24-28OC 1'.0 short.en genera.t.iOn time. 

La.t.er REL2 gener8ot.ioIl8 were ree.red 801'. 2100 1'.0 ooincide' 

with P'IN(ND) , generations . 

. \ 

Adults were kept in sme.ll, wood frame slee\Te cages (28 x 

28 x .28 cm) covered wi th nylon mesh, wlth traY8 of moist. 

~ pee.t moss fqr pupa.tion in the bottom. Succeeding genera.t.ions 

were kePt continuously in, die.pause preventing conditions, 

and 80 t ea.ch genet80 tion an ovipooi t10n ·pla.n 1'. taken from the 

REL cage W&s pla.ced under LD 8:1~ (210 C) te check 

dia.pe.use' incidenoe, a.mong REL, la.rva.e. AlI la.rva.e were 

co11ected in' viala 8.ccording 1.0 methods dsacribed, Sa.mple 

pla.n ta were not te.ken from the third and se ven th RELl 

genera.tion bec"e.use of a. sc80rcity of aphids. 
" , 

'Resulta a.n~ I>iBcua8ion. In both REL Unes CAp,pendix B, 

T80~ B8.). 'dia.;pa.use incidence dep~rted sig~ificantly 
l '{X2 -tes"t-, p<O.005) from tha.t of the FIN (ND) parent 1ine 

80t the eighth genera.ticm (Figure 11.). In RELl, di pause 
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Fig\l~ ,11. Peroent dia.:pa.uae in FIN(ND) Une, a.ft.er 

se~eoti0l?- for nondia.pa.use wa.s re'la.xed. REL·1 
oriit'-na.ting' from PH, REL 2 from P~2 of 
FIN(ND)j &amples oheoked under LD ,-8:16 . 
(21oC). FIN(ND) line da.ta. inoluded. :tor 
comparison. ,Vertioa.1 lines repreeent exact. 9.6% 
binomia.l confidence limit.s; 
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deorea.sed &ga.in in· ninth a.nd ténth genera."toion8.· I~ RBla2, 
1 

di&pè,uee in genera .. t.ions, 8-12 ,W&f/J' signifi.ce.ntl~ ,bigher 
\'" , - ",_ - ~ - ,.. 1 ~ \ • ~, 

(X2 test, ,p<O.OO(5) 'the.n ~n, ... simult.a.ne.ous ~(ND) . 

ge~ra."toion8. It relJl~iD:~ signifioa.~tly lower' (~2' test, 
. ' ... ' .. 

p<O.OOO!5)~, bowever., ·the.n "in. simulta.neou8 s&mPles from the' 
.. . 

,FlN, oo~trol li~e. The log linea.r mo.del. for' Q&te,oJ;"~9a.~ da."t.a. 
, • Q , , ... 

, .', ot ',. 
(Soka.! a.rid Rohlf, 1981) indioe. t.ee tha. t there is a. , , 

, ~- ... 
, ',r 

,signlf'îoa.n't difference' iD: ,d-ia.pa.use (p=o-.OOOl) between REL2, 

&:tld both ,lI'IN(:N~) a,~d FIN oon~o~ ~es. The slow ~ift "toc a. 
~ hi~h~~ pe;rcent.~~ \ o~ dia.p&'U8e· 'when eel-éoûon "';e.ë rel~xec1 ia 

. . . 

'115 

" 

oonà'is:tent with wh:fÂ.t, would. he expeoted wh.en a. domipa.nt tra.it.. 

" . 

. , 

- '" 1',\ ~, 

18 not in equilibrium. 'These résulta SUggest tha.t a. 'high 
..:: ~ / - -: ' ...' , 

proportion o~ nondia.pa.use' midges could persist in a. . 
1 .' 
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BBCIPROCAL CROSSIS 'BI'1WBBH HONDIAPAUSB ABD CORTBOL LDfB8 

'Rèciprooa.1 orosse8 betYi~én FIN control '~nd FIN (ND) 1ine8 
- . 

", \ to t.he Fz genera tion. were m8.de to determ'ine inheri ta:nce 

of diap&U8e in offspring &nd demon8t.ra,'t;é chromosome 
" ' 

elimina.tion in A. cr.phidim1lzcr.. 

, • Bxpe& :imeD.t. 1: 

Three oviposition pla.nts weré taken from ea~ of FIN 
... 

Ql;)nt.rol a.nd lPIN(ND) ~ges. Two 'P1anl' ~ Dl f:'&oh, line wer..e 

,kept, under LD l7:7 (21bc) 'tq provide ~renta.l 
1 

~pulat.iona. Because it is was not _ "ble t.o s,ex larva.e; 

,tbey were pIa.cec:l in ~ndividual vials (4 ml) for pup&tion. 

They werë rea.red under diap&use preventing conditions so 8.11 

'1arvae in the popul~ tion, regardless of ,enotype wi th 

rèspeot to, dia.pau8e, cou).d ~ntribu.te genes equaUy to the _ 

next generation. All eggs on the ot.her plant. fram ea.oh oage 

were rea,red under LD 8:,16 - (2IOC) te determine diapause 

inoidence in' parenta.l lines. Upon eme~gence. a.d:ult.s :for' the 

first. cross (N ~ x D.d • D ~ x N cl , where N=:nondiapa,u~. 

116 

.. . 
D;f.POutrol) were aexed., then relea.sed r in am&~l screened ~ 

aleeve oë4es (28 x 28 x 28 om) wit~ ovlposit.ion plants. Eggs / ( 

were rea.re~ ~fd~r dia.pa.use in~ucing~ oonditions' (LD 8:16, . ~. , . 

2100), a.nd aU 180rva.e were oolle,oted in sample vials. \ 

, 
. 11. la nëcessary to obt&in an Fz gene~ation' to show 
\ ' 

the" affect of male chromosome e1imitia tion on inheri tance 

(Gailun -and Ha.t.chett., 1969), therefore Fl reoiprocal 
o • • .... 

crosses were ~CIUd. in the second experimen t. 
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- First genera.tion orosses were made as above, with the 

exoeption tha.t four oviposition pla.nts were pla.oed. in ea.ch 

Pl .oage. Two plants from ea.ch ca.ge remained undelt 

diapa.use induoing conditions ta d~termine Fl diapause 

inoidenoe/ and two werê moved ta LD 17:7 (2100) ta 
v 

provide adulte for the next oroas. L&rva.e pupa.ted in 
" < 

~ individual vials and upon emergenoe were di~ided 

1.0 sex and relea.sed. in oa.ges. Crosses were .ND,i ;je ND c( , DN' 9 x . 
o 

DN d , ND 9 x DN d , a.nd DN 2 x ND d , where the firet. latter 
, 

deaignates origin 'of fema.le ps.rent and the 88O<:!na. designa.tes" 

origin of male" parent of that individua1. Eggs laid on three 
( , 

,~ . " 

.oviposition plants from e~h oa.ge were reared under Lp 8:16 

(2IOC) a.nd" oolleoted in sa.mple via.ls. 

Besul:ta and. D:i.acuaai.on. Reaul ta of both orossing 

experunents betwpen FIN(ND) a.nd FIN' oontro'!. lines show tha.t 

; diapa.use in response ta LD 8:16 (21OC) is domina:nt ovér 

nondia.pause (Ta.ble 6.). In both oro8Se~, di~pa.use inoidence 

in F1 genera.tions w&s net signifioa.ntly dif:f"erent from 

that in the paren:t.&l control genera.tion when the fem~le wa.s 
... 

from the oontrol line. When the ma.le wa.s from the control 

line, diap8oW58 inoidenoe W&s signifioa.ntly lower (Exp.l: 

X 2=3.90, 'df=l~ p<O.05; Exp.2: X 2=11.26. df=l. , 

p<O.005) than ,when the female paren1;o was":"from oontrol lme. 

Although. in this cross, diapa.uae was significantly lower. 

it W&s still closer 1.0 tha.t of th" pa.re~l control Hne' 

tha.n the pa.rent~l nondia.pa.use Unes. This depression. in 

diapa.use may be explained if 1-here were a. prepondera.noe of 
'~.. } , 

ND genotypes in the pa.renta.l oontrol line, 'bec~~se t,he ._ 

,'" 

: . 

. " w II.. 
elimination Qf p8oterns.lly derived ohromosomes from ~h~ _ ger~ ~ 

". 

" ~~. " . , 
• _ 1 J f' 



" 

fi 

, , , 
, ' ", .. 

. i ' l , 

. , 

" 

. . 

, , , 

, .' 

" n. 

, . ,. 

.. ", , .... 

, . . }-

'. 

118 

TABLE 6. Perc.nt d1lpause in .~s rec1proçal ut1ngs ~tw"n control (D) and' 
nond11pluse (N) A. Iph1d1exZI fra. FIN lines, reared under'LD 8:16 
(21·C). -

Gener(ltion - Cross 

, ; 

Parents l, 

Parenh 
, ... : N 

o [). 

N 9xD " 

. -
, F2 ND U NOd 

.,A. ., 

n 

204 

127 

347 

393 

114 

127 

685 

56,6: 
. " 

bN '9 X NOd' ~ '460 

,.' . 

DN"IÜ ONet' ~ 

ND u.DNet" 
1 

1 Ch1~squâre test. 

5.2~ 

,476 

" 

Sex ratio 
d: ~ 

S 
01apause 

1:2.3 

1:2.0 

10.82 

48.83, 

42.4, 

49.6 

1.82" 

53.53 

40.0 

49.5 
. ~ :., 

, , ,\ ' 

1:3.8' , , 31.5 
,~ 

1:2.0 
. l, 

..1:1.9 '-. 
" 

\ , 

:,oiH.'9 ,. ~ ~ 1~ r 

40.8;' 

~ , . 
l_ \. 

COIIÎpar1son 
ta parentll 

D 11ne1 

NSof,' 

NS 

'p<O.005 

,. MS ' 

.p<o.oos 

p<O.01 

fiS 

/ \ ~ ~';, ~ 

.' ,2 Perce,nt diapallse tn 5" gene~.at1on~<of"~!N(.ND) 11'~~ .. 

c 3 Percent d1apa.us~ et "SaIRe ~j~ in FIN ëon~rol' 11n;'} 
'". ~ of ' 1 ~ ... 

~ ~ Not s1gn1ficant. p"~.05·. ~ \ '1.' : ~'/ " 
\ .i... '{~ .. 

," ". 
, , .. 
" . ' 

'\. . 1. ... ' .. 

~ . --' ... 

. .. " 

':"1 

, , 
-. 

. " , 

,\ ".I~ "~ 1 

, , 

l ~r 

'" 
" , 

" ,. 

" , 
" , , ' ..,.' 'I~' • 

" 

" .' ,1 . . 
j) .... 

, ( . " 
~ l , .~ . .... 

, -
",1'," 

1', ,~ 

., . ~ . ~ { 

" . , , 

" 

.' 

" 

Compar1 son , 
between ree' proea 1-

.' mat1ngs1 

i 
-', .... '. 

p<O.05, 

p<O.005 

p<O.05 . 
MS 

N'S' ,. .. ' . , 

~ . , , 

~ Q \ 1 

, 
, . . \ 
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l~e ~ ea.rly èleavea,ge would resu1:t in a. higlier PropQf:tion 

of NN genotypes in. offsPring. 
, \ 

Dia.pa.use result.s ,in t.he Fi genera.iiCims are 
, 

oonaist.ent. with ohromosome- elimina.t.ion (Ta.blé 6 .. ) (o.!. 

G&1hfn a.nd Hatchet.t., 1969);, As expeoted, both orosses wit.h 

" ma.lea from t.he ~D oa.Qe ha.d a lower diapa.use .inoidenoe. 

\ Pa.'ternal D ,enes were elimina.~" réaulting in males t~a.t 
~ .' . 

p~sed ,on only ma.t.ern~ly, derived, N genes, whioh would . . ','. ' 
~ ~ .. 

pI-Qduoe a poPUla.tion with equa.l p~portions of, NN and 'DN 

aenot.yt)e8. In oroeaee wi th ma.les., frqm DN lines~ t.he' 

P&tern~lly derived N .sene would ha.v~ been- elimina.ted, 
.. , . 

resulting" in offsprina w1t.h ei'tiher' DD, 'Or ND 'genot.ypes, whioh 
\ 

1 ., , 

a.re likely te he dia.p&use phenot.ypes,. 1 e.oéording 'to _"1 
r ~ / ~ 1 

res~l~s. Diap&wsê' incièlenoe in orosaes wit.h ':DN ma.l~s was not 
" . 

~ ,'.. " \ 

signifioa.nt.ly' dif'ferent, from' .,.he p&I'ent&l '~ntr~l lines, 

,wh~rea.a . di8.p&u~ w.~s si4nifioa.ntIY 'lower (X2 t.est.8, l 
1 

C'dt, p<O.Ol) in c~ wi~h- ND' ~a.le:s. In orOsses with. ND 

~e.lea, t.l;l.ere W&8 èS. signifioantly' high~ro diapa.use inoidence 

o (X~=5.1636, l df, p<O.05) in. t.he Or08S with DN temales 
1 j ~ ,. l' • . ) 

'0 '.' 'oompa,red ,t.o t.he OI,"Osa wit.h ND fema.les, howeverJ no 
() 't \ • 

explana.t.ion for t.his i.e, lmown . 

. ", i l, 
o' 

'. 1 ~ 

, " 

.' 
'0' 
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OOMPAlUSOlJ : or LABVAL ~'1'IO. 
\ .. . . 

, This exper~ment we.s conduoted e.t the beginning of the 
. . -

resee.roh_ t.o determine - whether there wu e. differenoe in' 

dtira.t.ion' ot: larva.l stage between diapa,using and 

nondi8.pe.using le.rvae, a.S ocoure in sorne ~t.her apeciea. , , 

Mat.eriaJ.a and Met..b.od.8. Tl;u'ee replioa.te8,· wi~h a. tote.l, 

.-. of 188 la.rva.e, we~" ma.de wit.h, ell's ooUected on different 
, ' . 

, . -
de.tes. For ea.oh replio8tt.e, a si~gle, aphid infes.ted 1e'e.1 J 

'with pe:tiole in 8. vie.l of we.ter, W&8 ple.oed in 'th~ FIN 

oontrol oage for o!'iposit.ion, wben numerous fema.les (>60) , 

were present.. Beoe.use no ovipoeition plantswhad been in' the' 
~ .. . , 

oa.ge for >24 h~' te~alea ra.pidly le.id agita on t~e lee.f, whi~h . 

W&8 left in the, cace {or only ~ one hour to ensure egla we:re 

t.he aa.llJ,e e.ge. A~ l~&at ~ different ·t:ema~e~. were .observed 

,oviposi tin« ' on . ee.ch lee.f. 

Bach 1ea1' was p1aced in a covered,_-petri dish on moist 

fliter pe.per a.nd "inouba.t.ed under LP 8:16 (2100) until , 

eglts h~tched. The' 1e8.f W&S ",hen placed aoross' 'the top lee.vea 

"of an e.phid infested pla.nt so le.rva.e could move down t.o 

feed. On the sixth day a.fter oviposi tion. la.rvae were pla.ced· 

individua.lly in' \tia.ls with m~isten6d ~tton in the bottéim. 

Vie.ls were checked twice da.ily ana fresh pieces of a.phid 

" in1'ested ,lea.f were put in vials n 8.$ neoessary, until larva.e 

had spun coooons. The da. te 'larva.e ceased feeding a.nd 
, , , 

comrnenced spinning 8. coooon W&8 recorded. Emergenoe o~ 

,e.dults W&s reoorded a.nd remaining coccons were opened e.fter'· 

21 d to count. diapausing 'l8.rvae. 
q. 
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. Resul:ta and DiBou8sion. Da. ta. from replies. tes wer.e 

pooled bec&use 'rs.tio of pups.ting to dia.ps.using 1a.rva.e 

spinning eocoons ès.cb da.y was similar. 
. 

Dura.tion of larva.l sta.ge wa.s significa.ntly longer 
-

(ANOVA, "=31.78, df=l,183, p=O.OOOl) for dia.pa.using l~rvae 

t.ha.n for la.rva.e t.ha.t pupated ,(Tè.ble 7.). Twenty percent of 

~~rv&e spinning eocoons on the seventh day a.fter ovipositi9n 

- dia.paused, compe.red with 86% on the tenth da.y. 'Results a.re 

present.ed in a. slightly different w~y in Figure 12., These 

.r~ult8 a.re ~n~istent wit.h t.hè greater needs of dia.pausing 
. , ' 

16.pv&~ for st.ored. body reserves (Lees. 1968), a.nd &gree w1th 
. '0, 

resu1ts @btaiped for ot.her inseot. speoies (Diekson. 1949i 

Gla.~, 1970; Henrich and Denliri.ger, 1982j Se.unders, 1975). 

Three diapa.using larva.e never did spin eoccoons, ~ut 
, -

w,p.ndered for up to 15 days before becoming sta.t.iona.ry. ,Sinee 

fresh a.phids were supp1ied continuously, i:t, is nôt likely 

that t.hey were see.rchi~ for food, however, they may ha.ve 
, -

been aea.rehing for more Buita.ble diapa.use sites. Perha.p~ the 

ehoice· of a.n overwintering si te ia more importah t than a 

pupa tion ~i te. 

As a. resuh of this experiment, the sa.mpling methods, 

used to de termine diapause incidence in each generation we,re 

cha.nged ta avoid bia.s towa.rd fa.ster developirig le.I:'va.e by 

rea.ring and collecting a.ll la.rvae from a. single pla.nt, 

regardless of larval durs.tion (pg. 79) • Theae reaul ta &lso 

lad ta the following experiment to det.ermine whet.her 

a.rti1'icia.lly changing la.rva.l developmÈmt ra.t.e a.ffeeted 

dia.pause incidence .. 
\ . 
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TABLE 7. Larval'duratton. expressed is days froM ~~tPos;t1ont,f~r d1~paustng and pUpa~tn9' 
A. aph1d1!y~a 1.rY~e fra. the FIN control ,line. reared under LB 8:1~ (21-C). '" 

>' 

~ays frOOl 1 larvae S larvae 
oviposition n diapausing pupat1ng 

)( !. SE x·+ SE 

7 • 40 .20.0 + 6.9 80.0 + 6.9, 

8 '81 58.0 + l.2 ·42.0 + 7.6 -
. 9 34 52.9.:!:. 19.1 . 47.1 .:!: 19.2 

10 ~ 
, 14 85.7 + 8.2 14.1 + 6.7' 

11· ,~4 '100.0 '0 "t 
--

12 6 100.0 .. 0 

13 1 100.0 '0 

141 
' , 

4 100.0 a ~ ~ ... ~ 
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12. Dura.tion of _~arva.l 
pupe. tion 'ori~n ted A. 
represen t. percentage 
cocoons tha.t da.y. 

'. 

" , 
<f!"" "'''1<'1.~...o:;''''-..t,.,.tI'Af'lir''t ... ·~'t'''''''~' , , l 

• 

• 

, 1 

period in dia,.pa'USe and 
a.phidimy.za la.rv&e.' Bars 
ot e.a.cll group spinning 
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, BlI'PBCI' ,0,. PROLOHGING LARV AL STAGB 

This experiment was designed to test whet!er 

e.rt.ifioia.lly prolonging larval development. a.nd th us tJhe . , 

photoperiodioa.l1~ sensitive stage. increa.sed diapause 
- ~ 

inoidence. Saunders (19'75) hypothesized that la;rvae of the 

fleshfly. Sa:rocopha,ga a,zogY7'Ostoma (Robineau - Desvoidy) • 

that took longer ta develop, h~ a. higher incidence of 

diapause under short day conditions because they experienoed 

more short çie..y cyles. If this is so, then selection for 

nondia.pa.use rnight favor larvae with faster development 

(shorter (Jensitiv.e- stage) relaw.ve' to the number of days 

required. a,t tha.t tempera.ture ta induce dia.pà.use. Such la.rvae 

would complete their cfevelopment before experiencing 

sufficient short days to ree..ch -t.he' threshold for dia.pause 

response. " 

, Ma.teriaJ.s and Met.hoda. A single oviposition plant was 

ple.ced overnigh't' in' the FIN control cage. The next morning. ' 

leaves were rernoved. divid~a randomly 'into two groups. e..nd 

p1aced under LD 8:16 (21OC). O~e gr,ouP., FAST, was 

rea.red with a. m<.·.ximum supply of hoat aphids. while the 

other, SLOW, was fad. just enough aphids to maintain growth. 

Oviposition lea.ves for both groups were placed on e..phi4 

infested plants until eggs hatched and larvae bega.n' to feed. 

Those for the FAST group were distributed over 4-5 host 

pla.nts 1.0 minimize competition for food~ which might slow., 

development. On the sixth day, from oviposition, larva.e were 

p1a.ced in inflàted plastic ba.ga (18 X' 22 cm) along with 

sufficien t aphids to complete c;ievelopment. AlI larvae w~re 

p1aoed in 8ampl~ vfé.ls according to esta.blished methods . 

. , ~ 
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SLOW la.rve.e' were :co~fined t.o one hoat. pla.nt ,for the-

first :fo~r da.ys, then were p~e.ced,. in infle.t.ed pla.st.ic baga 
, 

witn a. few a.phid' infested 'lea.ves. Lea.V6S Were renewed. da.Ul' 

and 8413 were e.ired /4-:5 "times e. d&y t.o reduge condense.tion 

accumula.tion of COz. These methocls resulted in ", 

/oniCer. la.rva.l development period8 (e.nd higher morte.lity" 

. oompa.red wi th the FAST group. 
'.' 

"- , 

Three replicates, involving & tote.l of 1310 larva.e trom 
• 4~ 

the FIN control line, were tested. Eggs were collect.ed on 

three different dates and, beca.usè diapause incidence v&ried. 

widely between testtJ, da.t.~ from replica.tes were not pOOled., . ' 

Reeul:ts and Disou.Baion. No significant diff~re~ce in 

diape.use incidence wa8 found between FAST la.r:VSte a.nd SLOW 

la.rva~ in the first two replic~tes (Ta.ble 8.). In the third 

"test. there W8.S a. 8ignific~ritly lower incidence of dia.p&use 

(Xz~42.04, d!=1, p<O.OI) e.mong SLOW ls.r-"a.e. Development 
, 

of SLOW la.rva.e waf3. dela.yed bl' an; average of 2 d in the firet 

. "two rèplica. tes, and by ca.. l d in the third replics. t.e. 

'Al thouih' physiologios.l stres~es due to prolonging larva.l 

'.development by semi-sta.rvs.tion might ha.ve &cted counter té a.~ 

tren.d \ toward dia.'pa.u~ (larva.e would ~ot' he s.ble to 
(' . 

.a.cCumula.te necessa.ry bQ,dy rese;vÈl~)' it 115 not likely t.hat 
, , 

increa.èing the n um ber of sho'rt day cycl~6 experienced by 
" 

A. a:phidimY2a. would. incree.se dia.pa.use incidence. 

!,..- - Therefor.e. selection for nondis.p8.use uncter LD 8:16 i8 .no't 

likely to h~ve result.ed in e. population of le.rvae with -; 
.. 

- lop,ger sensi ti ve periods reIs. ti ve t.o developmen t. ~riod8. 
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TABlE 8. Pel"Cen~ dtlpause in !. ilphtdt!YZI 'arYle vith' _xi .. deyela.,.nt râte (~AS1) 
versus lIr'le "tth develo.,.nt P'}l0ft9ed by séllt-stlrvlt-ion. (SLOIJ)., -

ft 

/ 

FAST '" 
Replieate S Dtapause n 

1 15.7 (259) 

- 2 6.1 (224) 
~ 

3 . 97.5 ; (368) . 

~ 

1 Chi-square test. 
..i 

2 Not signifieant, peO.05. 

" 

" 

, . 

" 

;" 

\ 
, . 

~. 

;. 

l' 

SLOW' 
S Diapause 

24.6 

n. 

(66) - .' 
9.5 - (144) 

83.8 (249) 

. 

" 

J 

" /> 

r 

"" ," , 

, 

Cœparison of 
',FAST ys. SU~I 

"S2 ' 

"S 
p 0.01 

. . 

J': 

, " 

, . 01 fterence in . 
'arval deYel~nt 

~riod (d)" ' 
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1he followi~g e~periment'_ d~iermined dia.pa.use' i~o~nce in 

OffSPIi.~~:. ~f indi vid~a.l fema.lE!~' (rna.ted to one ~ale) &nQ." 

whe~her i i was a.f:fet?~ by. materna.l ,84e. '. ., 

Ma.t.eriaJ.a and Met.b.od.8. Lut inà'ta.r;" 1"rva.e from' FIN(ND) 

and· FIN contI"?1 line. were. p1~ed indiyiduallY in via.ls (4 
.' 

, ~ .. 

-ml) for pupe.tion. Upon. emer,ence, they were ëexed and ... 1. ma.le· 1 -
, ' , 

~ 'l. __ \, 

and l fema.le were relee.sed in &ach. "globe" ·c8;ge. (Figùre~ 9.~. 
J ~ .. , ' t' 

'All- cages were kept in LD 8:16 (21oç). ~e.U8e no 

addition&! male8 were rè,rea:aed"' a.fter the origirioJ, ma.le 'died, 

soril. la.ter egg,8 were infertile. 

Eaoh' da.y, ~~til, fem~les d1èd', o~po8ition~ 'lea.~e8 w~re 
-. ' I~ 

- . 
- 1 ... 1:1 _ ...... 

. ' removed and repla.ced wi th' fresh lea. ves. Aft.er eggs were 
• J " l,. ~ • 

~ ,,1 ~ .J 

Qounted, ea.ch leaf wu placed in a o1ea.r ple.stië ,vial f (4 CIJl -
- . . 

,,' 'Of, 

\') 1 

; di~m x 6 om) and covered Wi'th Nitex onYlon screen (64 micron). 
_" l " 

'-œhe 8C~~ wa.s held on with a. .t.ight p1a.stio c~p that h~d a. 

--
ventil&tion hole '(2 cm di~) drilled. ~'it. "La.~a.e cou~d nqt, 

~8Cape through the- fine, screen, 'therefore.' it wa.s- ponible to 

determine th~ fate of nearly every ag«. ' . " 

Unhatche(i agga were counted on the third 'day a.fter . , 

oviposi tien. Thereafter, vials were checked (each da.; and 

a.phids a.dded when necessa.ry. When larva.e '~w~~ ~a.dy' 'to', spin 
. " 

, coooons, they were collected in the u8ual 'sample -vialS. , . 

. cont&ining moist, cotton) ~olls. D&ta waas recorded a.s for other. " 
, ~'~ \ 1 • 

s&mples . (pg. 73). 

In a prelimina.ry test, only eglla, laid every seoond day. , ... 
were reared from nine pa.irs ·of FIN ,control adu.lts. In the 

'. 
la.ter ex~rimeni ail 'offspring :'from Il pa.irs of FIN control 

a,nd ~ pairs of FIN (ND) mid~e8 
" 

wére reared to ~dul t.hood~ 

'. 

\ ',..'" = 
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'Reeul;ta Uld. Diaousaion. There' was a. wide ra.n:4re in, 

\ . 

di~pa.u8e incidenoe among offspring from the FIN control l~ne 

. ~,oa-9~") (Ta.ble 9" Figure 13.). There W&s leu of a. range in 
~ 

t.he FIN(ND) Une. (O-32"). whioh ia oonsistent ,with seleot.ion 

fOr ~ond.iapa.uM. Beoauee of thè smaJ.l nWn.ber, of pa.irs. 
, " 

'result.à are not conolusive for FtN(ND). 'Most adult.s. for thl4 
, ~ 

~t were ta.ken from the PIN o~ntrol \line &t, 'the same 

t.ime the. à&mple for compariJtOn wit.h 1.P49 of the FIN (ND) 

" l~e w~ taken, whioh ha.d 36-. diap&u8e. Beoa.use' ·t.his la 

- éimila.r 't.O t.he m~e.n diapa.use inoidence ot 28" for test. 
1 1.. ' 1 4 ~ 

offsprin'l it. ,is likely the.t' de.'t.& from. individu&! pairs 

acOure..'tell' refleot proportions of diap&use in offapring 
1 

,.vlithin tne o84e. 

,129 

". There wu no evidence t.ha.t level 'of diap&~e id offspring 

of FIN cont.rol pairs oha.nced wit.h mAterna.l' a.e. There was 

a.iào nO significant.' diti~ren()é, (ANOVA.) in, 4ia.p&usè inoidenoe. 

between offsprin.' of, femaie-produoing fem~l~ (34") a.nd 

.' ,.<.~e':"p~odUoing ~emaJ.~s {~7")1 and no sig~l1ioa.nt· q1fferénoe 
, " - ,\ , 

(ANOVA) in' number' of ,811lfs or' surviving le.rv&e bet.ween both 

1-YP88 of, female~. ( 

1t is 8Urpriain. -t.o _~ind euch a wide vari&ti~n in ' 

di&p&u8è incidence amon"" offapr1ng f'rèm 'FlN eontrol 'pa,ira. 
" ".'.' . » Il~. 

J Perha.pà. durinC t.he lon« period. (>~yr a~ the ~t.ime Qf this 

. e,(pe~ent) of oo~tinu~ labore.tOl"Y' rea.ring withbu't natural 

:selecition" whiQb would remove nondia.pa.u.e "iridividuals,_ re.ndom. 

tènetic drift. r.ulted' in '.a, hiCher frequenoy' ot nondie.pause 

- tenee. 'Inadver~nt - selection for no~c:iiapa.uee mal' &180 have 
. - , . ' t 

ocou~'ed "and' a.,. posaibie m~ba.n~m 'fO~ tl)Ï8 is disouase4 OD.. 
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TABLE 9. Percent diapaus,.in offsprfng of fndhidual pairs of A. aphidi!Yza 
1r_ FI" lines, rured under LD 8:16 f21·Ch -

li ne NUfllber Num~er of Sex of ~ D1apause , of e9g5 larvae reared- offspr1 n4" 

~ ~ 

FIN control 1 B4 66 i 81.5 
041 28 ) ~ 7-.1 ~ 
55 23 Il 17 .1 
62 51 il 63.0 
50 -47 d 48;0 
,48 ,'- 38 1 11.1 
94 40 25.0 

" ,::..51 ./;:' 35 i 50.0 -.. 
94 27 i lQ.3 

FJN contro1 2 125 97 i 69;6 
122 83 Il lQ~4 

" 141 108 i 38~4 .-, 

101 37 i' >.t 88.9 
" ,"" >' 072 64 i \ 1.8 

40 21 i ' 10.5 > , 
127- 96 fi Î'30~7 1 

. 98 '" .. 74 i f13.9 0 

87 49 J13.3 Il 

75 59 i' • ,;.'7.6 
15 " r 52 d 22.0 '1 

. .. 

FIH(ND) 74' 83 i O. 
of' 8i .... _~ 61·· d 16.1' 

" 127 ~I r . 106 r • . d 11.5 
,.,. 1344-' :il~'1t5,./ • i 1.'0 

15 r la .~ 0 
10~ 64 d - 32~"4. " ' , . 

, 
\ 

" 

1 E~95 l-aid' every seèond day1eared. . , ' .. 
2 Al1'eggs reared. 

" 

.r 
1 
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Figure 

1. 

• 

\ , 

1 

... 
13. Percent dia.pa.use in offspring, Qf pairs of j, A. 

aph-idim1l2a. ~rom FIN oontrol 13.nê. Ba.rs represént 
number of fema.les wj.th offspring whose d.ia.Pa.use, 
incidence is in I;a.n,,: designa.ted, > • 
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SlC'rIOIl DmCuasIoR .: 

- There, Uj evidénoe t.hat' c:ievelopment ra.té a.nd diapa.use 
, , , 

, 
" 

induction a.re components· of t.hë same genetie system, in ~ t~e ~ 

flesh i'ly) saro?p'h.a.go. b~tta.tQ. (~enrich a.nd Denlinger, 
-' . 

19-82), and ~lle pitcher plant moSqui't.O, HtltIOm:ia ~-1!&-ithii 
. 1 • • 

~Iatook. et. al .• 1976). ''ln8ot. this ma.y, 80180 ~ the ca.ee in 

.A. a.phidimy:za. ia ehown by the inverSé correl8otions 

. be'tween c:iiaopa.uee inoidence and, peroent.&ge of a.dult.s e~erging 

by da.y 13 in both .1I'IN(ND) (r:-O.48, p::O.0004) (Fi.rure -14.) " , , ' 

and AR~2(ND) (r=-O.54,' p=O.048) 'linea (Ta.ble 4), Dià.pause 

orien't,ed' la.rva.e ha.d ',a lonler development period th8o~ 
\' 

pupatin-, l8orvae, but artifioi8olly prolon,in.r 'the larval 

ete.ge did not Ihq~e.eè ciiapau&e. whiah augges'ts" a. genetic 

buis for the rele.tionahip bet,ween. c;levelopment ra.t.e and 

diaopaouao. Th6re wa.e p.o evidenee of such a correla.t.ion in 

either PIN or ARB2 control Unes or relaxed eelection Unes, 
. 

and there ,were too few generations of botb. QUE (ND) a.nd 

FlN2(ND) !ines torAata ,te be meaoni~ful. The la.ck 'of 

signific.ant oorrelaotion between diap8,use, ,4nd pups.l -dure,tion 
- , 

when "t.h.,re W&8 no eelec\,tion pre~ure, a8 in both control and 

rela.xed seleotion lin~" may indicate th~t linkage between' 

gene loci affecting diape,\l8e a.nd those '.governing developme~t , . . 

_ rat~' occurred under selection pre-8Sure-., Linka.g6 .o8on ~, 80 

callee of transient correla.tions &s one combine.tion of 

&lle~ea"' i~ favored over a.nother. When selection i~ _rel8oxed .. 

the correlation ltIould, ~ .expeoted' to decrea.s.e (Fa.looner, 

1.981), a.e it did. An. eJ.ternati~e-exPlana.tion that .a.ls~ fità' 

the daote., le the.t fa.eter ,development ·ra"tè ia a pleiotropic 
" , 

, e:tfeo't- of nondiapa.'ll;e8 ,enèe. The clear rea'ponee 1.0 .. ~ .. 
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14. Inverse oorrela.tion bet.ween pèroent diapa.u.se 
and peroent. 8nlerged by, day 13 from larva.l-pupa.r 
eodY8ie. in FIN(ND) line 'Of A. aphidi my.ll!a.. 
Vertioal lines represent. exa.ct. 95% bino'mia.l 
conf'idenqe limi ts. 
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nondie.pa.use 'select.ion' in FIN and 1 QUE lines in the tirst 

mon ths of th~ project migh t be a.ssocia. ted wi th the ini tia.l 
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bia.s towa.rds obta.ining eggs from t;)arly emerging e.dul ts. La.ck 

of response to seleotion in J the ARB2 line. then, could, be, 

beca.'l8e le. ter rea.ring ~ethods were in tended to prever.a. t . this ' ." . .. 

bia.a. A bet.t.er response to nondiapause selection might. he.ve "l, 

been obta.in'ed bY selecting simulte.neously for ea.rly 
, ' 

emergence (a.nd possibly, faster Iarval development) e.nd 

nondia.pa.use. 

AlthQugh obscured by f1uct1,1a.tions trom ,genera.tion 'tp 

generation, t.here was a. trend towa.rd decrea.sing dia.pa.use 
,,' 

\ 

incidence' in the FIN a.nd ARS control lines. Ra.ndom genetic 

drift wa.s ruled out because data. from rela.xed selection 

,'Unes showed e. slow increase in dia.pause incidence once 
, 

select.ion pressv.re we.s rel~xed. Therefore. it i8 likely that 

directiona.l selection, toward nondia.pa.use, did oocur. During 

the first 16 mo ,of research, in fi va of ten ~a.mples of FIN 

control le.rva.e, rea.,red, under LD 17:7 (21-28~C), e. fe,w 
. " 

la.rva.e dia.pa.used (x=~.7±O.3%), or ware slow in pupating 

(5l=1.2±O.7%)~ even under long day conditions.' The stea.dy 
, , . ,'1 ' 

remova.l of these few individua.ls' with a. high liability to 
, " 

diape.use, avar severai Y6ars. may be sufficient sei"".:tion 

pressure te s,ccount for the reduc~ion in dia.pa.use. In 

addi tion. becs, use control lines were main ta.1ned wi th a.d ul 't8 

emerging continuously to provide eggs da.ily for other 

experirnents, la.rva.e tha.t developed fe.stest would have more 

descenda.n tg over several yea.rs the.n thase wi th slower 

developmen t. If ganea for la 'te developmen t a.re a.ssocia. tad 
" 

with those for diaps.use (or ee.rly d~velopment, is a.8Socia.ted 
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wit.h nondiapa.use), t.hen a. drift' towa.rd more' nondia.pa.uS8 

ind-ividu&ls, wou1d &180 occur CBs.rryl and' Adkisaon, 1966; 

G1~es, 1970; King, Ù:J7'4). Reg~rdless of hoVi it ooourred, 

off8pring of individus.l pairs from the FIN control line. 
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aft.er '30 ma of rearing, showed t.he presenoe of & eubst8.ntie.l 
Il 

number of individua.l8 with low liabilit.y to diapa,u8e under 
""\ ' , 

IJ) 8:16 (210 0). whioh, presum&bly, wa.s not the oa8e 

e80rlier ID the resear6h 'when 80% diapa.us8 W&S ob~ined in . , 

control Unes. 

.' , . " 
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PliUC'l'UATIOlfS Ilf DIAPAUSI DfCIDBNCB.-" 

After five cycles of FIN(ND) were rea.red, diapause il). 

the. ,FIN control line wa.s cheoked under LD 8:16 (210 C) 

and was f'ound ta have dropped to 50%. Further checks of 

dia.}?s.use incidence in the F.IN con"t.rol line made during the 

next six months indics. ted the. t dis.pause ,incidence 'we.s 

:t'luctuating in 8. pattern similar to that of the nondiapà.u8e 

·line. Beo8.use. it ~as, neariy 8. year after the original line 0 
, 

W&8 received., another shipment of A. aphidimyza.. pupe.,e 

W&8 obta,ined from the original 80urcé to see if· dia,pau,Se 

- '-' incidence ... pad' qhanged in th8.et line a.8 -w~.ll. Dlapa'4se-

incidence in the new line' und.er LD 8:16 (210 0) Wa,8 

ohecked twice, coinciding wi th F16 a.nd F16 .of 
l '0 

FIN(ND). Percentage of dia.pe.use (17% and 27% resJ?Bctively) 

was 'intermediate -between tha.t of the original P'IN con'trol 

a,nd FIN(ND) lines, therefore.' i"t Wa.$ concluded tha.t wha.tever 

the ce.use, changes in diapause were not unique to my 

oultures, a.lthough it did not ru le out envir(mmental 

oondi"tions unique· to my research, or the PQssibility.of' 

sea.sona.l affects. Therea.fter, t'raquent checks of diapause 

incidence in th\) control line were ma.de. &phid supp1y 

permitt-ing. Begi~~ing with' FZ~ P'IN{ND), eggs were . 
, ~ 

A ta.ken from t.he FIN control .cage on the 6S.me de.y eggs were 

la.id for t.he l'lext - FIN(ND) genera.tion (Figure 4.) . 

Starting with F2\ of FIN{ND), there W&S 8. high1y 

.signi~icant degree of oorrelation (PP MG, r=O.6924, p=O.OOOl) 

between the fluctuations in dia.}:>a.use incidence between 

genera."tions of FIN control a.nd FIN(ND) Unes (Figure 5.). 

Correla. tians between other lin es were checked, usintt the 
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closeat geners. tians in t.iine for comps.rison (Ta.ble 10.). There 

were significS:nt correlat.ions in -diaps.use incidence between· 

FIN control and bath' ARB2 control and' ARB2,(ND) Unes as wall 

~s between FIN(ND) .and QUE(~D) Unes. W~i1e the latter 

correlation is proba.bly m08t.ly due to ~ similar deorea.se in 

dia.p& use under selection prea.eure for the first few 

genera.tions, the correle.tions between other Unes are 

inexplica.ble. 
l> 

The "d&mped" fluctue.tione in nonÇiapause lines, compared. 

to the wide range -(~-90") in control lin:é~. were prob~bly & 

" ,> 

result of selection pressure. Nevert.heless, whe.tever :the 

ca.use of va.ria.tion, it was suffïcient to' exert a.n influence 
t> 

on diape.use levels in ~he population despite cont.inuous 

npndia.pa.use selection. The la.ck of correlation between 

FIN(ND) a.nd both ARB2 lines may have been beca.use the 

effects of nondiap&use selection were superimpOBed on the 
c 

overall ps.t.t~rn of fluc't,ua.tion. Indeed, the q.!lestion is not 

why these exa.mples a.re net correla.ted, but ra.ther. why the 

other Unes are correla.ted. pa.rticula.rly when the y 

origins.ted' from completel~ ;,dif'ferent geographica.l ~rea.s. 

with different labora.tory histories. 

Puzzling' fluct.\lations in dia.pa.use incidence, occurring 

~t the sa.me time in both nondia.pa.use select.ed and control 

lines of HeUothis %eo., were at.tributed to diet 'or 

unknown environmenta.l changes (Herzog and Philllips, 1974). 

Beth possibili ties were in yestiga. ted· in m'Y resee.rch . . 
Va.ria.t.ions in the ,larrge inoubat.or environment, where a.11 ' 

nondia.ps,use Unes 'a.nd c-Çl.eok plants trom con4rol lines were. 
'p 

rea.red. were unlikely bec8.uae l1ght cOl'n;rcll5, hümidifier a.nd 
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TABLE 10. Cor.relat1ons in diapause incidence bet~en l~nes of A. aph1.:11 .• tyn. cClllpartng 
generat10ns closest in t1ae.<· -

~ 

-
FIN(NO) 

r1 ,P. 
QUE (HO) 

r . '. p 
QUE2(NO) 

r" p' 
'AI~82 control 
.- r p 

AR82 (HO) 
r p 

. -, 

FIN control 9.6924 0.0001 
,0 

J)'6539 0~O211 0.7757 0.0030' ' 

FIH(HO) 

QUE (HO) 

QUE 2(ND) 
~ 

ARB2 control 

... 
0.9212 0.0011" ~ N52 

1 

1 Pearsonls produ~t moment correlat1ori coefficient. . . 
2 Not sign1f1cant, p<0.05. 
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t.hermometers· werê oheoked . daily a.nd no major e.dj.u·st.men t.s or , . 
re!!pairs he.d been necessa.ry. To '<?heck t.his, t.empera.ture a.nd 

relative humidity were recorded continuously for nine months , , . 
, 

on ~ sttip chart hygrothermogra.ph .. No va.ria.tions wete found. 

. When i 1, W&S diBcovered tha. t exceedj,ngly low radia. tion: 
, 

. - levels could' prevent diaJ)a,use ,in 80me il. a,phidimyza. 

IN:VM (Pi. 169>., the inouba.t.or wa.a cheoked for !ight 'leaks. 
" 'Onl.y', a. ba.rely di80ernible' light leak a.round the 

, l, . 

had cov"f wa.e found. It. wa.s ~a.led wi t.h blâ.ck t.ape, 

1 /~ effèct. -on: subsequent genera":-i0ns. 
, 

" , 
\ 

"-

11, la unlikely", tha.t, larve.e from different. lineé were 
. , 

mixed, àino~, throughout. t.be res~réh. c~re W&8 taken te 

inaure that la.rva.e from one pla.nt. did not wander te' a.rioth~r 
• # 

plant. in search of f(X)d. ,Ovip08ition pla.nts from the same 

.Une were kept. togetheri th~y were sepa.ra.ted from plants 

froin other lines, whioh were ei'ther on a. different shelf in 

. :· ... ~~e incuba.tor ,or, if' on the lower level. kept >1 m apart. To 

p~',;'~nt - la.rvae from ~andering in searcn of prey,' fresh' host 

plants were provided before 1arva.e h:ad consumed a.1l à.phids 

present on le~ves. On the, 1e.st night o~ la.rva.l deve1opmeni, 
\ .' .... 

plants were eut and kept in pl80stic ba.gs to prevent larva.e . .. . ... 

trom e~&ping, In addition, only FIN control a.nd FIN (ND) 'f" 
. , 

lines were sampled "8.t e'xa.ctly the "ame time (8ond only a.ft.er '. 

F21) a.nd rearing of l8orv8.e from other lines 'rarely 

. coinoided wi th FIN generé. tions. 

The possi bli ty of an endogenous eyole of dial?a. use 

liability, which has been found in certain othér insect,~ and 
.. 0.. ~ 

mites (Beok, 1980; Sa.pozhnikova., 1982), or a. '9&8oson8.1 cycle; 

we.s investigated by using tim~ series -a.na.lysis (~dre and 
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Legendre. 19~3) t.o 'find oui whether ther~ wa.s 8., 

8't&tiatioa.11y aignifica.nt Pèriod to ,tJile ,cycle" (Figure 15'.), 
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Da.i:& trom generà.t~ons 1'':'45 of the FIN (ND) lin~ were a.na,lysed, 

aince it.' wa.s the only li~e ~ith' '"u~fioient d&~a. ,~ints~ 

Firat a. a1f4rhtt.rend in' the data. wu ~moved, by fit-ting 8-
~ .. • 4t . ' ,. 

qua.cli-atio equa.t.ion a.nd e~a.mining reaidua.l vaJ:uea. Timo . . . 
, . , 

àèries ana.ly.,ia W&8 performed' on theae values. While not - • 
'" ~ ,. - -

.8t.a.~iatica.11y .,ignifica.nt (p=O.1796)" reaul.ta auggest ... tha,t,. , 
, , 

, . 
, , oycles in dia.pause inoidence. wi th a period of' fi ve 

" ' 
\ '1 , 

, gonera.tiona, do exiat. It ia not ,likely, howeve~, tha.t t.hesè ..... '. 
\ .. • t-~ .tif ~ 

oyoles, are enét.~~nOU8.:'b8ba.uae. under \n.a.tur~l' oonditions" " 
, ' 

~ A. a..phid'imyza. has 3-4 genera.tiona p8r· &euon in 8Out.hem . . , . 

Quebeo (Bouoh~rd, et al.. 1Q81) a.nd proba.bly fewer in· 
... ~" :- -<. ... 

'Finland. Th us. a. fi vè genera. tion oycle ia, not. aynchronized 
, 

, ' • , \ ! 

'with aea.aonal rhyt,hnus a.ri.d doea not. 8.Coount for the 'sy,nchrony . 
. ':- " \ . 

'in dia.pa.uae 'incidence between linès- tha.t ~urs regarèUos8, , , 

tif gOl'lera.tion. For ex&mp1e. beca.use larvae developed 

"'sU«ht1y faster ;under lông~ days tha.n unde,,"short d8-Y ,a.t 

21OC, 'fIN control genera.tions were not synchronized 

. .... 

wit.h lI'IN(N-D) gener&tions., .. 
" 

With obvious' sources· of environment,a.l influence on 
, " 

l&r';'8.e ruled out.7 investig~tions were made into the effect~" Q 

1 \ ' 

of diet qn le.rv&e oe.used by cha.ngea in ',&phid ,hoat. pla.nt , ' , 

qua.1ity . 
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Fi,ure '·l~. '~e ~riea &n:~~ai~ 0; di(..~;U~:' inoiden-oe in 
aener&tiona, of the' IN(ND) lin,s ,of A.' , 
4ph.'idi~tI.za.. Pee.k f uenoy a.t..··,five .ge~er&t.ion8 

. (V20)i Widt.h of spectra.l window, m=13; .band ' 
width~ b=O.1026, li.' . ' 
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DIft AHD DIAPA~ • . , 
This s'tudy wa.s conduct.ed to det.ermine whet.hèr . ' .. . .. 

• "P'" 

fluctuat.ions in dis.~au8e inoidence cornmon t.o &11 lines could 

be 8o~o~nt.ed, ro~ ~y d~ference8 in" diet. (i.J~., dïff.erences' 
, . ~ , / 

in 80phid hoat pl80nts &f-feot.ing aphid qu8olity> in 'turn 

8offeoting A. a.phic:Hmtl~). 
\ , " 

Bxperiment 1: 
'-

Pepper pla.nta were g~)Y~ m two ". 
distinct.ly diff~ren,.t environments. 'One group, SUM, wu grown 

in the greènhouse during June a.nd July, under warm 

(28-3000 da.y) sum.mer· CÇ)nditions and full sunlight. The' 
o _ ' .. 

ot.her group,' wnf, wu kept. in 80n incuba.'t9r simù1ating wintef' 
~ Il ~ J 

phot.operiod (LD 9:15) a.nd t.emperat.~res (TC 21;1500),' 

with. t.hérmopha.sè two hours a,hôrter tha.n phot.oph.a.se, a.nd 'full 
. , 

spect.rum'· fluorescent. light.in.fr." To oompenaa.te for slower 
. ' 

growth, WIN pla.nts were st.a.rt.ecl six weeks ea.rlier than SUM 
o 

pla.nts. Soil from the ·sà.me mix for WIN pla.nts wa.s sa.ved a.nd 

used 0 for SUM pl8onts.' Al:l, pla.nts were put. in, the ~e a.phid 
, 

i'ncuba.tor for oolortlza.tian .. \ . 
" . 

Pa.irs of plants (1 SUM, 1 WIN) were pla.oed overnight for 

ovipàai tion in. 0 midge oages., A ~nd ·'pa.i~ was pla.ced. in ea.ch ' , 

cage' the next night. Eggs weJ;l' ~oU~t.ed t'rom both ~~N(N:D) .. 
"8oh.d~ FIN cont.rol lines a.nd ~l1, l~!a.e wer~ ,rea.~ci -u,nde~ 

8:16 (210 0). Extra. plants of bath 'types were kept. in 

aphid oolonies until ,needed. tO .. supplY a.'Claition8:l prey .for' 

la.rv8oe. Le.r.v&e were re~recl and pla.cied in via.Is a.ccording to 

rnethods desoribe,d on pg. 73. 
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In both. replic&u,s. fro~ the 

'" " .t. , . J:4 6 
'" -

,l 

. .-

" . , 
. , FIN(ND) 'line, di~pa.U8e inciden~ waas lSignifioantlx higher 

.,;; .,.' '. ,~~... I,~ , ;... l 'Ct - ~ _ 

.(X2-tests;: p<O:005) in la.rv&e fed a.phids from SUM 
°1' " ' , l' 

" 

" 

'~ pl8.iD.1'S· (Figure 16.). In the FIN control line, clia.pause, 
\, ,. J 

,i~oidenoe wu aignifioa.nt.lY hièher (X2=34.987, 1 clf, 

. P~O~OO~) .in replioa.~ bu:t, not ~ rep'lioa.t.e" 2. Bece.use 
, 

dia.,.~ incidence in replioa.te 2 wa.e n~r the ma.ximum 

réoor~ for FIN °oont.~l la.rva.e ,under LD 8:16. it,is . 
0' 

~sible that t.he 'maximum n'u~ber of incUvidua.ls inolihed to 
If. 0 

di&Pa.UBe were aJ.re&dy daine 80 a.nd t.'bat ohan,es in hoat 

,pla.n~ ~UèJ.it.y ~~d h.ve no addition&! ·ettect... Theae. ~su1ta 
led to a more det&iled e~ent to teat e~~eot.8 of hoat .. -' ., 

plant quallty. . 
, JlxPerim,ent. 2: 

• _ 0 v 

MateriaJa ~ Me1ohoda. For thie experment planta we-re 

rea.rec:l'under t.wo dUferent. inouba.tor condit.ions, whioh, had 
~ 

.r' b8en observed to produoe different foliage and ,rowth 

habita. 50PT ~1~1;.~ (simq.a.r in a.ppea.ra.noe ta SUM pla.nt.) 
, . 

were kèpt' unde-r full speotrum :fluorescent lights a.t.. 

24-2809. HARD pla.nta. whiC?~ ha.d darker, toucher 

foli~e. and sliChtly sulaller' lea.ves, ~ere erown under cool 

whité fluoresc~t ~hta,. at. 2~. ~th inoub~tors h~d 

pl:).otoperioda of LD 17:7: The8e~ .two tre&t.menUS were ohoaen 

becauae the~ were both used to ha.at.en produotion of pla.nts 
'1> 

for. a.phid oultures -duri~ .:bl08t ot the fa.11 ta spring period . . ~ . 
,50th "t.ypes of plante were celor' coded when they .were put. 

into 'aphid oultures. t.hus matohing pla;nta of ea.oh type could 

be paired when put. in midge ~.gea tor oviposi tion. 
o· 
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16. Effeot of aphid hoat plant -quality on di&pause 
in' A. ,4phidimtl~; firet 'experiment. WIN planta 
grown under LD 9:15. TC 21: 1 SoC; SUM plante tl 

grown ,in gtoeenhouae 1 June-July. 
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. Thrèe rèpl10a tes ,of p&i~ed pla.n ta (1 SOFT. l HA-RD), werè 

'plaoed in the- PIN control cage for' OViPoBition on ,thl'ee 
.. ' . . 

consecutive. nights. Plants were a.U pla.ced i1;1 LD 8:16 

(2100) for Irea.~ng larv&e. Bet'Yeen 250 and 400 l~r.vae 

,were, rea.red fram e&ch pla.nt.' 

Eiaht ·pla.nt.e of e&ch type were ,.. out and dried for 

tu.aue ;a.na.lysis of N, P, K, Fe, -c&, MS and 'Psrœnt moist~re. 

l!:xt.raots of plant. tissue w~re a.na.lysed using' an &tomio 
1 

absorption 'spect.rophotometer (Perkin-Elmer 2380, . , 

Perkill-Elmer Cor~.,' Norwalk, Conn.). 

Reeulta a.nd Di.sowJeioD. Differences in host plant 

quality were found ta he rela.teq. to differencea in dia.pa.usè 

incidence in A. a-phidimyza la.rvae re8.red dn s.phids fro~ 

those planta. - In 8.11 three replicates, dis.pause incldence 

wa.s significe.ntly higher (XZ-tes'tS, p<O.005) in la.rva.e 
\, 

i49' , 

rea.red on a.phids from SOFT pla.nts the.ri in la.rV8.9 from HARD 
,,./ 

plants (Figure 17.). Dia.pa,use W8.S lA to 2.2 timea higher on 

SOl"T pla.nts. Resulta .of replic&tes were not pooled be~e.u8e 

they were signific8.ntly different (X2-:-teat, p<O.05). 

Percentage of moisture W&s significe.ntly higher in SOFT 

pla.nts (ANOVA: F=50.97j df=l,14; p=O.OOOl), as' W&8 

percenta.ge of K (ANOVA: F=23.06; d:f=1,14; p=O.0003). Leveis 

of N were higher in SOFT pl&nts, but. not signifio8.ntly 80. 

There W&8 no difference i13- other nut.rients tested (T~ble' 
1 

, ll.). 

Que.li t.e.t.ive differences between 8.phid aP8cies ha.ve been 

shown ta a.ffeot beha.vior. development a.nd fecundity in 

aphidophagoUB insect8 8uch, 8.13 'coccineUide (Bla.ckman, 1~66) 

and A.. aph-iclimyza (Havelka &nd Ruzickà., 1984). We~ght 
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Figure. 1'1. Effeot. Qf'&pp.id h08t pl&nt qua.ÜtY. on d:!.a.pe.ùse, 
in A. aphidimyza; seoond' e}(p~riment. HARD, , 
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pla.nta gl"own under cool, white fluorescent lighta, 
'210C; SOFT pla.nt.s grown under full spectrum 
f1uor~8cent 11ghts, 24-28OC.· " 
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TABLE 11. Nutrtent and .obture' content of 8-weet-old -pèpper plants grGWn hi twa 
dtfferent envtronlents. Ftgures for nutr1ents expressed 15 percent of 
plant dry wetght. . 

Pl,ant type t 
, 

Nutr1ent SOFT2 " HM03 

x + SE x.:!:. SE 

N"- .. 7.59 + 0.11 8.58 + 0.53 
j 

p 0.32 .:!:. 0.03 0.38 .:!:. O.O~ .-

K 4.71 + 0.09 6.16 +.0.08 
0 

. Fe 0.30 + 0.02 0.05 .:!:. 0.01 

Ca 1.68 + 0.20 1.65 + 0.15 

Mg 1.37 + 0.14 1.46 .:!:. 0.12 J'-

'" ~. ~ 

, "20 85.10 + 0.23 88.88 .:!:. 0.46 , 
- ~ 

• it< 

1 Calculated by (pp! * 250 .1 * 1 x 10-6g/pP!!l x 100 = , of plant dry we1ght • .' 
9 of a~ plant . 

. ~ 

2 Grown under lO 17:7 (24-28°C) full spectrum fluorescent 11ghts. 

'3 Grown under lD 17:7 (Z1°e) cool white fluorescent 1ights. 
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and fecun<;ii~y of A. aphidimyza e.re eVèn 8offeoted by 

differences in hoet. ple.nte 'Ilsed for the s80rne speoies of 

aphid, e.nd it is possible that handling of p1ant.s - (e.g.:-

f,ertilizing 80nd i11 umina tion) indireoty affeote A. 
, ' 

aphidimyza (Kuo, 1976/77). A1t.hough no previou~ etudies 

153 

exa.inined :ef~ect8 of diet on die.pause in A. aphidimyza.,­

dieta.ry effeots on die.p8ouse (reviewed 1?g. 37 ), are wall known 
\ ' 

in- herbivorous insecte a.nd ha.ve &180 been found in the 

endope.ra.site, Pimpta instiflat;o~ (Claret e.nd Ce.rton, 
1 • .1,. 

\~978), and a sa.phrophagou8 inaect" the tropical flesh fly" 

Pœc-itometopa spitogastez-, (Wiedeme.nn). In the latter 

epeoies, di8.J?&Use incidence increa.sed by 10% when moiat\lré 

in le.rval diets inore&sed 10% (Denlinger, 1979). 
" 

Aphid hoat' pla.nt que.lity co~ld a.ffect di&p&use resporuse 

in A. aphidimY2a direct.ly through nut.rition&l 

differenoes in the- prey, or indirect.ly through changes in 

feeding behe.vior. Kuo (1982) demonstre.ted tha.t che.nges in 

&rt,ifici&l ,dieu of M. 'P6,!-,sicae sign"ifice.nt.1y e.ffect,ed 

development8.1 time, l&rv&l _and ime.gine.l weights a.nd 
. 

fecundity of' A. aphiàim1lza. Larva.e cornpensated for - - , 

reduced food qu80lity bye consuming up to t.wice as m8.ny 

e.phidG. On vi.tamin and amino-e.cid deficient diets this we.s 

&dequa.te 'ta suetain normal development a.nd, fecundity. , , 

however, in sucrose and sorne minera.1 deficient diets, la.rv&l 

development. la.rva.l and adult. weight a.nd fecundity were 

significe.ntly a.ffected (Kuo. 1975). On POOl' diets la.rv8.9 

would be unlikely r.o a.coumu1e. te necessà.ry bOd~eserve8 1,0 

die.pa.us.e a.nd e,urv.~ve. Kuo (1975) 8.180 noted ,.'!-ha.t the longer 

le.rva.l development observed ill sorne tree.tmenta. we.s rela.ted 

.' 

, ' 
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to che.nges in feeding behavior. On amino-acid 4eficient 
r 

diets aphids were more aotive, a.nd ha.rder for la.rva.e t.o 

oatch. Larvae a.ttacked but did not consume more a.phids on, 

most deficien t diets and left more aphids pa.~tlr consumed. 

'Beoa.use cha.nges in both physiology and beha.vior of A. 

aphidimyza la.rvae have been demonstra.ted with varia.tions' 

in diet of hast aphids (Kuo, 1975), it lS likely tha.t 

dia.pa.use could be affeoted as weIl. The higher dia.p&uae 

incidence on SOFT or SUM plants could ha.ve been beca.uae 

,larva.e were better nourished with enough body, reaerves for, 
di&pa.use. 

" 
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. ' 

Aphids feed by extracting amino-acide a.nd sorne su(tars ' . 

from the phloem sap (Pixon, 1985). Despite the higher 

moisture in SOFT plants, which could indicate lower qsucrose 

concen tra tians in phloem sap, (van Emden, et' al., 1969). 

M. 'pe'rsicae reproduced fa.ster o~ 'SOFT pla.nts than on 
'> 

those under cool white fluorescent lights (HARD). This' is e.~ 

indicator of a good diet, which may be because translocation 
1 

speed is greater in lee.ves in full light (Traughten, et al., 
~ 

1977). The phloem in younger, expandi(lg leaves and 'in older, 

seneS9~ leaves, iB ri cher in translocation materi~ls. 

, since they are the sites of syn thesis . and bree.kdown, 
'<h. 

respectively, of plant metabo1ites. The preferenoe of M. 

persioae for auch leaves la thought ta be due ta 

diffeI"ences in soluble nitrogen levels, a.lthough seconda.ry 

plant substances (gibberel1ins, a.bscisic a.cid. cytokinins, 

etc.) may also be involved (van Emden. et a.1.. 1969), Levels 

of soluble nitrogen, oamotic pressure of sap. oe.rbohydrate 

leveis and pH are related in plants, a~d it. lS very 
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diffioult 1.0 tell wha.t iB &ffeoting e,phids. 'Tissue a.ne.lysis 
l' 

,.,howed somewh8ot higher N in SOFT pl8on'ts, which: indica.tes 

'the.t ple.nt.a were more nutritiou!:' for a.phi'!s "(Zie~ler, 1975; 

'Dixon, 198~). If' &ph}.ds were more nutritiou8 for Â. 

, ( , • 1 

- ~Ph~i771Yza. l8orve.e, then le.rv808 woul~ ~, ~ble ta accurul80te 

neoesee.ry fe.'t body, reeervee of ,Iyoo,em &nd other ooJlX>unda 
1 \. k 

involved in cold h~:Niine88 &nd neoesee.ry for the 

physiologio8ol oha.n,es 'tha.t' occur in prep8or,e.tion for, a.nd 

dux;.n,. di8op&uae (Wya.tt,' 1967). 
. . 

Bein.r fed upon by a.phic:la a.ffects a pla.nt's physiolo,y., , 
• , J 

.u.sual,lY f>' enha.ncin~, ;ra.nalOO&tiQn t.o aphid f8edi~g sites 

(v8on Emden. et &1., 1969). ThusI opn.t.rol pl,ante used ih 

tiaaue . &n&lyais ,'were not true indiea.tors, of the ~ta.te of 
pl80nts tha.t ha.d· beetn' infested with a.phiàs tor 6-8 d. Pla.nts 

..... . -
ca.n re.pond wi thin 80S - few &8 thrèe d~;ys ta &}'hid 

infesta .. tions, with dra.stic reduction in aa.p ,flow (Forrest, 

. et &1.. 1973). Therefore, e.lthou,h &n explane.tion. is 

proposed for the/,effect of hoat plants on dia pause -of Â. 

(Iph;idimyza la.rvae. much more work 1s 'necessa.ry 1.0 

elucida.te this rela.t.içmship. 
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~OR ~~OR. 
. . ' .. 

, 

" Un8.er ahort. day {LD 8~16) condit.ions. combin~ wi<t.h 
, . 

relative~y i high consta.nt tempera.ture (2100), lA. 

a.phidim1lZ4 larva.e probe.bly receive conflicting sign8ols. In 
, 

these unna.tura.l, oon~tional diet could' modify the effect of:-
,. ~ , ! ~ 0 

the other environmental oues. In t.he f8o11, paok 

~r8ol)el.ta.t.io~ from seneaoing leavee ~mpor8orily proviclea , 

feeding aphide with more nutritiou& diets th80n experienoed 

in midsu-mmer. Pouibly tne' presence of a;' nutritious food . 
supply, whioh 'w~uld ,e~uré _ & .bett.er, oha.noe of è\lrvi val' and 

. . 
" , 

higher fedundity a.fter diapau&e, acte, &long mth short. , .. 
'da.ya, te induoe a hieher inoide~oe of, di8ope.uae. A pOor food 

" 
eupply, with the attendant riek of poôr survival a.nd reduoed , ' , .: 
feounditY,_ a.fter di8o~U~,. ~i4ht C&use ~8ox;ra.e ta "OV~~lOOk''; 

the efft;'C,t of short. d80ye y!hen- they oocurred in oonjun0:tion . 

with warm temPera.tures. ~tdoorsï photoperiod 80nd . .. 
temper80ture sign801s usu80lly do not oonf'liot (e.g., nights 

~ould, be long a.nd cool, or shof't ,a.nd wa.rm, but ra.rely short 

and 0001). In O8oses of suoh mixed sign8ols, the opportunity 
... 

to 8ocoumul8ote sufficient J~ody reserves might induce 80 l80rger 
. 

propor'tion of the popul8o 'tion ta respond. 

An al'terne.tive conjec'ture is t.h8o't the di8op8ouse .response 

of 'the A. a.phidimyza. l8orva.e _ ie not rela.t,ed ta the 

nutri'tiona.l v80lue of a.phids, but ia. related, ins'te8od, ta 'the 

presence 'of second8ory subs'ta.nces,· such &8 gibberelins, whieh 

a.re ~ener&llY ,in lower concentra'tionEs ~~. plants under' Shox::: 

da.ys (Ziegler, 1975), or 8olke.loida, w ioh O&n he a.bsorbed "by 

phy'tophe.goùs ihaects from pl8onte. Po e ple •• when the . / 

tom8oto 'pl8ont a.lka.10id. ~mentineJ wa.s ingeated bl' 

, ' 
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,)'ietiothis %64, it. w.a.s iound t.o he toxic 'te t.he,' .. , , 

pe.ruito1d, HYPQsotc!tP e~igua.e, (Viereok), reduoing, sUe, , , 

"'" 
de:"'elopment r~te a.nd l~evity. of &dults (Ca~pbell' and 

.~ .-
. Du:ffey, 1979). , 

Tha.t >'pla.b:t, qua.lit.y ha4 a. disOe~a.ble ,effect on di&pa.'US8 
,_,f 

under "threeholc;i > phot.op;triod and t.empera. t.ure 
,. ~, , .1 

,J • 

candi t.iôn~ 'W&8 
.. ~.. .. 

eat.&bliéru,d. It.,,.wu not eatabliahecl, e.lthough 
• 

it is' . 
, . 

~sible. " t.ha.t. changes in hoat pla.nt. que.1it,y account 
1 <-. , 

~ntirely for tl.le va.riat.ion in dia.pa.uae inoidénde. Plants 
> " 

used in the ~bove experimenta were uniform with resPeCt':ta 

v.a.riet.y~~il, lII;ixture a.nd duration of aphid ·infesta.tion, yet 
• '( ". .. W. .. 

a det.eoia.ble differenoe in diapa.uae wa.é ~roduoed by. 

different 1ight. regimes. It :is possible, ,therefore, that 
1 • 

dif'ferences in hoat pla.nts mi'h.t &OOOunt. for the 

, ~ 

,env~ronmenta.l. oomponent bf the va.rie.tion in ·dia.pe.uae from ' , . , 

lenera~ion te generat.ion. Over t.hr~ Y'ears, 'hoèt. pIanu were 
, . 

ore variable th8on, thoae produded in t.hese, t'If 0 experi~ent.s~> 
o 

• • i,' .. 

.rad unde.r a. wide ra.nge of conditions,· depending cin, 
, f 

J 0 J 

)l'ea.r, e.v~ile.b~l~t,y of inoub&tor spaoe, a.nd number of 

pIa.nts requi1"ed. Photoperiod., li'At qua.lity and int.enSity" 
, " '. 1 

tb:er~operiod. à,nd temper&tu~s, 8Qj.l mixture and , 

fer-tiliz8o-tion, 80nd watering, were not uniform t.houghout the 

resea.roh. por a. brief period (20-26 Deoem'ber, 1983) la.rv&e 
,0 • 

. from FIN a.nd A~B2 Unes were rea.red on a,phids on brussels 

sprouts ra. -ehèr than pePPers. Al though e.r>hids were- reared in 
, , v 

the sarne ino~bators. with the sa.me photoperiod and. 

ther~operiod throughout the reeea.roh, the size a.nd number of 

aphids per pla.ntt a.nd. t.he lengt.h of a.phid infest8otion, .-", . ~ 
., , t 1 

depended on' whet.her e.phid produotion wa.s adequa.te for 

'\ 

, , 
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experimenta1 needa" &t that time. Du~ing- ~he first 15 mo, 

• 
(. " -

reourring shor't&ges of aphlds oa.used. prob1ems, al though 

aphid production wla mo~ sta.b1e" é.fter tha,t. Binoe 8.11 
, , 

1a.rva.e rea.Fed a.t'\. the samé'time, regard.less of origin, were -
:t'ed a.phida rè&red on plants with simila.r histories, hoat 

o 

pla.nt differences could be the ma.in external, environmenta.l 

:t'a.otor o&using oorrela.tione ~n dia.pauae inoidenoe between 
.~ 

unre1t..~ li~ea. Densities of aphids, or la.rv&e, may 

conoeivably have ha.d &n affect. on d.i&p&use inoidence in A. 

~ a:1'hidimtlRUJ. la.rva.e, however, they &re unlikely to he the 

sa.me fram plant t.o plant a.nd line :ta line .sÎD\ulta.neously. 

This is beo&uae differenoes in density of la.rva.e' dePend on . , .' the number of., eggs la.id (number of fema.leà presentj .~t,,~ the 
, \; i)!/ • 

tUne oviposition plantS were pla.ced in oa,ges, and thi$ 

va.ried wi th the line but not wi th time. 

Ta invest.iCate this further, variables in plant. . . 
produotion must he precisely cont.rOlled. The.,p,e of ... 

.J;l n.~ 

pre-mixes ta &Ssure oonaist.ent fertiliza.tion, a.nd oa.pUle.ry 

• \.0, " '~&tti:tlg, or drip irrigat.ion, ta ensure- the same .osmotio , 

pressure in hos:t se,p would be nece88a.ry, as well as uniforJ1]. 

.... ~~ht qualit.y, light int.ensit.y. photoperiod &nd 

'" 0 tem.~rature8. Infesta.tion with a.phids for exa.ct1y the sa.me 

'" .' length' 'Ot time would &180 be required. Analysis of 
" 

amino-a.eid''''a,nd sugar oonoentra.tions in plants should he 
0, .... 

, ,if 

inoluded in tissuè ana.lysis a.nQ i t would he a.dvisa.ble to 
, -l' , 

ana.lyze nutrient oontent of pla.nts tha.t ha.ve been t'ad uPon 

by a.phids for the sa.me period of t~me. • ',' . . . . ~ 
" 

,;. 

~ 1 .. 
.... . ~ 

j' .' " , .. 
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.JfORDIAPAUSI: SBLBCTIOIf UlfDBR ,PLUC'!'UÂ'1'IHG 'l'BBRMOPBRIODS d 

opce a. 'FIN ~.line with 110w incidenoe of d~8.p&use was 

: selected under. LD· 8:16 (21OC), the Bame Une W8.S 
D 

. ,subjected 1.0 selec1.ion under 1.ypice.l fluc"t'Uating , 
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tem.pere.t.ures experienced' in greenho~ea during ~int.er. "Most . 
, 

plant. specia. exOOP't for t.ropioa.l foli&Ce p1a~:ts, need 

- diurnal 

.,' i..re set 

". " 

fiuotua1.ions for' op.timum grow'th; night. tempere.tures 
~ d 0 

fSoC",lower the.n d8.y tem~I"e.i'Ù.res. for moe;t. crop~ 
.. 'l~ 

, ' , 
" (Hane.n, ~ a.l.~ '197~). 

" 

- , 

I~ , 

, , " 

Matêrial.e a.nd Met..hoda. Prelimina.I"Y tests under LD 8:16 -,... .. . 
_ ~hh ,Tq'. 25:100C :~d TC 2~:1609 resu}-ted in~1OQ% 

di~pa.use" itl a11 lineS 'tested (Q~E2(ND),' ~IN(ND}, FIl~2~ND}J 
~ i ~, 

'-nd 'FIN èont.r.dl}. COnsequentlY. it we,s deoide,d. 1'.0 redùce :the 
'\ 

in~~sit;y of 'select.i6n by st.e.rting wit.h: Tq 24:1800 :tp .~ 
~, ' 

. obta;in enough 8.dults 'to con'tinue the, line. 'Ca.. 700 eggs trom " 
1 t> t t .. \ 

- F21 of FIN(ND} were cohec~ on three oviPosition 
.. t. • 

, ( \-, 

• • " li. 

:A s~Ond expèrime~t.,:;s~~rti~g wi't,h o\c,~" ~O~d ~ggS "frçm 

,F3'e,, Pof FIN (.ND) , W8.S ~~d.ÙCrd' under e. re~iln;e" of ll~' ,9~15 
&l?-çi 'TC 21: 18OC. -The t.~e~oph8.8e ,wa.s· t.wo hO~rs B~oher~, . 

,,1 JJ _ I,;l ~ \ tI 0 , ~-,.,. 

the.n the photophe.se to sim ulà. te thermoperiods, recbrd8d "iA ' " . .. ~ .. 

the greenhouse. " 

ReeUltS and D:iacusaion. No progress" wa.s ma.de in , t 

a 

selecting for dia.pa.use under L.D 8:16 and TC 24:18OC 
... l' ' ,~ • " { 

. (Table i~), Ins·t.e~, dia.pa.usé incidence 't,.ended, to incree.se " 
, , . ''O...! ~ 

, wit.h. sÙoCeed.ing genere.tJ,ons. _ Resuits for two gener8.iion~ are '.. -. ~ 

'exclu<:J.éd beca.u~. in F3,' ~he incuba.tor thepmosta.t 
, . 

~ , . , 

" " 
1 

mpe~atures incres.sed to ~5-3()OCJ 
~ 

\ 

, • J, 1 , ' ~ l' 
, . ' 

a. .. 1 • \ 

• l ' 

, . . 
ô ' 

'. 
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TABLE 12: Percent d1apause in A~ aphfdf.yza' lar~ae fro. the FI~(ND) lfne. reared under 
LD 8:16 and TC 24:18T C. . , . , 

Generat1pn n '~ Diapause: (, 

.'" 
~'Late'pupationl 
. ,+ l diapause 

~, ( 
-

.1 . 405 14.2 , 89.9 

2. .3si 38.6. 

3 .346 i.02 

4 286 7.73 
. \ 

5" 297 54.'5 

6 -200 54.5 . 

"7. ' " 204 65.4 
• ft 

8 ' 16 75.2 
-1 

, 

1 Percent of 1nd1v1duals.pupat1ng after 21 d in· vials. 
, , " ~ 

2 1 ncubator thennos tat ma 1 funct 1 oned» ~emperatul'e 25-30°C. 
l 

86.3 

1.02 

2~.-t3 .. 
79-.3' 

.,' 
79.3 

81.9 

83.l.-

.' 

3 Incubator l1ghts ,malfùnctioned, on aH n1ght dur1ng pupat1an. 
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wheree.s in F4, me.lfunot.ioning hght.s rema.ined on at. 

night during t.he pupa.l -period, whioh terminated diap&uae 
'" ' 

, (pg. 178). Percente.ge of la.ta pUP8.tion (posisibly, larve.e with 

a veTY short dia.pause) decree.sed with t.ime, however, t.he 

oombined total incidence of diapa,use a.nd late pupa.tion did 

not. change (80-90%). There were inauffioient egg., from 

F. tO con t.inue rearing this' line. 
\ 

In the, 8eCOnd test, under laD 9:15 e.nd TC 21:18OC, 

ther.!i' w~ 99.1" diape.use in the first generation and 100% 
, ,~ 

dia.pe.u8e in the few la.rvpa produoed in -the secOnd 

'enera.tion. 

Clea.r ly, the addition of even 8. wea.kly fl uct.ua. tin, 

thermoperiod ta short daylength wa.s 6ufficient to induce 

161 

diapause a.mo~ -most individua.ls from the FIN(ND) line, a.nd ':F­

it was not possible 1.0 use ma88-selection to elimina.te this 
r 4 

response. Beca.use night temperatures were the sa.rne in both 

testa, the higher da.yt.ime tempera.tures in the fi:rst 

tempera.t.ure regime were probably enough to prevent dia}:Ùi.~e 

in & proportion of the POPUlation. For C8.. 10-20% of 

individu~ls it may have provided enough developmental 

degrees a bove a. thermal threshold te en tirely preven t. 

dia.pa.uBe. Reaul ta !li a.nother experiment (pg. 125) ruled OU1:. 

the P08siblility tha.t slower developmen't. rates under cool~ 

thermoperiod regimes would resul t in higher diape,.use 
1 

~"incidence beca.UBe le.rva.e were exposed to more short da.y 

cycles. 11. i6 more likely t.ha.t., under environmental 

conditions tested, thermopericid may he more importa.nt tha.n 

photoperiod as a sea.sonal signal. 8.t. lea..st. in these 

,Ogra.Phica.l races of A. aphidimyza. It is P08'Si",ble tha.t 
f' 

, . 

': 
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the thermoperiodio response i.s genetio8.11y linked to 

developmental or behaviora.l cha.racteristica!!f not open to 

selection by these methdqs. If 8.11eles for nondiap8.use under ' . 

theae oonditions exist at a.11. they are rare a.nd probably 

1081;. in l?-eterozy~oU8 combinations; selection, for such ra.re 

reoeseive genes i8 unlikely ta suceed (F&l.coner. 1981). In 

the oue of A. a.phidimyza, sufficient a.dults must remain 

a.tter selection 'ta provide 8. ba.la.nced ra, tic of 

ma1e-producing 'ta female-producing fema,les, and this was not 

possible. 

It ha.s been observed that thermoperiods ma.y substitu'te 

tor photoperiods in regulating 8:0tivity patterns in fa.r 

northern ra.ces of mosquitoes (Corbett, 1966), a.nd tha.t 

thermoperiod is po~sibly more important te northern re.oes 

tha.n tp southern races of the same speCies. Thus, 

ge,ogra.phic&l races of A'. aphidimyza. i~om southern areas 

might he better ca.ndidates for dia.pause selection under 

fl:\1ctuating thermoperiods than the ra.ces atudied, which were 

8.11 from northern t~mperate reg~ons. Unfortuné:te!y, efforts 

to obtain aouthern lines of A. aphidim1l2a for this 

resea.roh were unsuccessful (pg. 64). 

. , 
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GRBBlŒOUSB TBSTS OP ·HOIfDIAPAUSB LINBS 

Aft.er one yea.r (20 genera.tièns) of nondia.pe.use 

seleption,. the FIN(ND) line wa.~ tested in the greenhouse 

during winter to determine diapa.use incidence. 

M&t.eri.a.Ja and Methods. Ca.. '700\ eggs. on 'three 

ovipoeitio~ plants from F20 of FIN(ND), were moved to, 

greenhouse benohes in lat.e Sep,t.ember, 1983. At the same 

time, two oviposition plants were moved to t.he greenhou~e 

from F6 of t.he FIN (ND) line re-select.ed under LD 8:16 

and TC 24:18OC. Eggs on single pla.nt.s were also t.aken 

from t.he FIN control line and rea.red in the greenhouse at 

2-3 week int.ervals. Single oViposition plant.s from ea.ch 

ogreenhOUse rearsd genera.tion of FIN(ND) /)11nes were rea.red in 

t.he large incuba tor undér LD 8: 16 (210 <6/ to find ou t 

how lines that. ha.d· bëen select.ed for nondiapause under rsa.l 

greenhouse conditions responded in t.he incu ba tor. 

Daylengt.hs, trom sunriss to sunset, during la.rval 

development were ca.. 11 h 45 m. Minimum night tempsra.ture 

W8.8 oet at 150 C and ma.ximum da.y temperature was 

,h 21oC. During la.rval development, plants were not kept 

in cages because da.ytime temperatures inerde cages were up 

t.o 50C higher than ambient air temperatures. 
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Larva.e were pla.ced .on moist. peat. in foil trays to pupate 

and. after 10 d on greenhous8 benches, trays were 

t.ral'lsferred t.o mesh covered sleeve ca.ges (28 x 28 x 28 cm). 

for emergence. Ss.mples of 200-300 larva.e from each 

generat.ion were collected in via.Is, which were kept. in the 

shade on a shelf benes.th one bench. Adults emerging from 

t.rays became parents for t.he next generation. Four 



, 
l 
1 
! , , ' 

,\ 

.. 

.' 

ganars, tions from ee.ch FIN (ND) line were r8a.red., with t.he 

le..,t. genera.t.ion being rea.red in ee.rly Je.nuary, -, under 

daylengths of ce.. 8' h, 45 m. AU larva.e from individual 

ovii>osition plants used t.o cheok reàults under LD 8:16 were 

'oollected in vials. 

To check results of greenhouee res.ring. ldorvae from 
j r .. ' 

FIN(ND) were reared' in &n incubator with' tempera.'ture e.nd 

photoperiod simula.t.ing greenhouse conditione. De.t.& on" 
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greenhouse t.emperat.ures a.nd thermoperiod pa.tterns were 

obte.i.ned from hygrothermograph reoordinge taken continuously 

from late Sept.ember 1.0 lat.e December. The incube.t.or W&s set 

e.t LD 9:15 e.nd TC 21:150 C. with 'the we.rm phase 

beginning one hour 'after ligh t.s came on and ending one hour 

before dark. Ce.. 600 eggs from FIN(ND) , on two oviposition 

ple.nts, were ple.aed in t.h~s incubat.or on 29 Deoember, and 

&11 la.rve.e were rea.red &nd collected in se.mple vi&ls. 

Resulta and Discussion. Diapa.use incidence in both 
, 

FIN(ND) lines 'e.nd the FIN control le.rvae rea.red in the 

greenhouse 8overe.ged <4% for 8011 genere.tions (Table 13.). 0 

This seemed te show tha.t nondi8ope.use selected A. 

a.~hidimyza. could be used successfully in winter 

greenhouses, since die.pe.use incidence remained bèlow that of 

incub&l.or ree.red FIN(ND) gener&tions under LD 8:16. The low 

incidenoe of die.pe.use. however. in the FIN control la.rva.e 

W&6 surprising, sinee >50% were expected ta die.pa,uae. These '\ 
'IP 

results were also inconsistent with the high level of 

dia.pe.use found in "the FIN(ND) line re-selected in &n 

incub&tor under fluctuat.ing thermoperiods (TAble 12.), in 
... \~~ 

which tempera.tures we/é 300 w&rmer th80n those in the 
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TAlLE '13. FIN 1t MS of !. ae!!1d1!%zl 
und.r w1 nter gl'Hnhoult con • 

1 Late 
Li ne Generation n 1 Diapause pupat10n 

FI'N(ND)1 Oct. 3-5/83 1 146 2.2 2.1 

Oct. 27-29 2 350 5.6 13.1 

Nov. 25-28 3 192 0.6 1.1 
, 

Jan. 1-5/84 4 200 1.1 11.0 

FIN(ND~ Oct. 1-4/83 1 223 1.1 0.5 
, RESEL 

l~ Oct. 28-29 2 13.0 3.0 

NOII • 26-29 3 192 0 0~6 

., 
Jan. 1-5/84- 4 189 - 0.6 20.2 ' ~ 

t,. 0 

FIN ~ontro13 Oct. 28-29/83 267 1.2 2~8 " , 
~ 

Mov. 13-15 ... 427 3.4 5.4 

Dec. 7-10, , .. 262 0.9 ' 5.6 
r 

" 
Dec. 15-16 162 2.0 ?5 
Dec. 20-22 345, 0.3 1.9 , 

Jan. 9-12/84 422 1.3 6.3 

Jàn. 17-20 
~. 

214 1.9 2.5 ~ 

1 8191nn1ng w'lth 899S from Fl9 FIN(ND) • subsequent ganerations reared in 
greenhouse. 

2 Blg1nning with eggs from FS of FIN(ND) re-select.d under LD 8:16, TC 24:18DC.' 
subsequ.nt gen.rat ions reared in greenhousè. '" ,.. 

3 Eggs ,talcen from FIN control and rea red 1 n greenhous 

, . 

• 
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greenhouse. In s.ddi tian, 20-45% of la.rvs.e from greenhou.se 

reared FIN(ND) geners.tions dia.pa.used under LD 8:16. 

It. Ws.s beca.use of these a.nomalous results ths.t FIN(ND) , 
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la.rv8oe were reared in a.n incuba. tor wi th simula. tad greenhouse 

oonditions. Resulta were consistent wi th 8011 previous da.ta. 

obt8oined 'in incub8otors (of 511 larvae. 506 4iapa.used 80nd 5 

died). Bec80use 8011 FIN (ND) 1s.rva.8 exposed to greenhouoe-like 

" conditions diapaused, it was likely ths.t an unknown faotor 

in the res.l greenhouse envirq,nment prevented diaps.use. This 

is exa.mined in the next section. 
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SBCrION 4. 
~ 

"PRKVBNTIOH 0" DIAPAUSB IR GREBmOUSB POPULATIONS 

01: APHIDOLBTBS APBIDIHYZA 

The following s~c'tion describes the inves'tiga.tion of 

, '167 
'\.. 

\ 

extremely low intensity light a.t night to prevent diapa.use, in 

Â. a.ph-idimyza under win ter greenhouse conditions. 

,Pra.ctica.l a.pp+ic8otion of low light levels in commercia.l 

greenhouses and experimen ta on photoperi0c;tic termina. tian of 

dla.pa.use in A. aph-idimyza. are 801so gl ven. 

.' 

.' . 

, . 
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BJ'lPBCT OP LDII' 'INTlUfSl'l'Y LIGRT AT HIGBT 

This experiment wu désigned 'to test whether continuous 

illumination from' a nee.rby parking lot a.t night could be the 

unknown fe.ctor preventing greenhoU8e ree.red le.rvae from 

die.pausing. 

Nateri.a.la and Met.hodB. Three a.phid infested, ple.nts with 

eglte from the FIN control Unes, la.id the same nig.ht, were 
" Used. One plant W8.8 pls.ced in an\J.ncubator simulating 

.... 

" greenhouse conditions (LD 9:15 and Tc 21:150 C, with 

.'-' thermopha.se two hours shorter the.n photophase). Two ,plants 

were pla.ced in the greenhouee;' one was covered wi th a. double 

layer of bla.ek pla.stic between dusk and da.wn, while the" 

other rems.ined uncovered. De.ylength during la.rve.l 

deve10pment (12-30 Ja.nua.ry) was ca.. 9 h 15 min, and maximum 

day tempera.ture was 21oC. with a minimum of 150C 

Stt night. Radiation intensity meaeured in the greenhouse at, 

night wa.s 25-35 uW/em~ (3-4 lx). AH la.rvae (400-600 

par pla.nt) were rea..red s.nd pla..ced in ss.mple vials. Binee 

development wa.s slower under the low tempera..ture~. cocoons 

remaining in vials were dissected after 28 d to determine 

incidence of die.pa. use e.nd mortali ty. 

Result.s and Discussion. Only 4% of larve.e from the 
1 

uncovered greenhouse ple.n t di~paused. wherea.s 99% from the 

covered greenhouse plant die.pa.used. ~ll (100%) incube.tor 

reared larvae diapaused. It Ws.s cles.r ths.t low intensity 

illumination at night hs.d prevented diaps.use in greenhouse 

la.rvs.e. 

,. 
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LI~lfl IBTBHS1'l'Y ~SHOLDS 
l , 

, This experimen t wa.s designed to cletermine a. threahold 

l~ght intensity for p.venting diapause under typical 

greenhouse winter conditionsj also to inyestigate effeoUJ of 

rad light and whether the response to low intens~ty 

radia.tion waB influenced by low tempera.tures. 

Materia.1s a.nd Methods. AU tests were cônducted in 

incubators set a.t LD 9:15 and TC 21:15OC, with 

thermopha.se sta.rting one hour la ter and ending one hour 
"4 

earlier than "photophase. In the 'Lest incubators, 48 

uW/cm2 (5.5 lx), 21 uW/om 2 (2.5 lx) and 6.5 

uW/cm2 (0.7 lx) ra.diation wa.s provided a.t night e.t 
, , 

plant level, from 7.5-W frosted incandescent bulbs (GE), 

controlled by rheosta.ts, 50 cm above plants. The control 

incuba.tor ha.d no night 1ight-. 
, ' 

- Irradia.nce and illuminance from light sources were 

measured using a LI-COR® meter (mode; LI 185; Li-Cor, Inc., 

Box_ 4425, Lincoln, Nebr.) with ra.diometer and photometer 

PI::obes. Measurements were ma.de 'in both u W)cm2 (total 

ra.dia.nt flux striking a. surfaoe) and lux (visible light 

striking a. surface). 

f In the inoubator used to test sensitivity to rad light, 

a. red 25-W incandescent bulb (GE) set a.t 20 uW/cm2 (C8.. 

1. 5 lx) replaced the frosted 'bulb. 

The effect of lower tempe ratures wa.s test.ed in e.n 

incube.tor under LD 9:15, TC 18:10oC, (with thermoperiod, 

two hours shoi-ter than photoperiod. Irra.dia.nce a.t night was 

48 uW/cm2 (5.5 lx). 

,. 
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, ' Each test we.s replioe.ted twice, with oviposition ple.n~s 

te.ken :f.rom the FIN oon t.rol oage t.wo 'de.ys' e.pa.:rt. La:rv"', were 

plà.oed in vie.ls with either moistened oot.ton rolls or moist. 

pea,t moss (1 om deep) pressed int.o thé botl-Om. The lower 

third of vials wi th pea. t wa.s wra.pped in black tape 'to 

exolude li4ht. Emergence from via.la with P8a.t. pupa,tion 

suba'tre.tes, whioh simula.ted ne.tura.l oonditions, was oompared 

wit.h ,results from via.ls ~it.h ootton. to ensure that results 

from the la.tter oould be 8K'tra.polated ta real oonditions. 

8inee le.rva.e in ooooons are known to he phot.osensi ti ve 

{Ha.velka., 1980c}, it was poesible, a.t the low intensiti~ 

tested. that la.rvae in peat experienoing diminished 

radia.tion, would respond dif'f'erently from those in ,cotton. 

For most replies. tes. la.st instar la.rvae were di V'ided equally 

between peat and cotton vi&ls. 

Resulta and ~on. Resulta of 8.11 tres.tments a.re 

given in T~ 14:; &nd those for, ra.di~iion intensit.y are 

plotted in Figure 18. There wu -no signif'icant difference 

(XZ-tests; p<O.05) l?etween replicates of any: te~. a~d 

no' sign~ioaht differenoe between resul ts from peat a.nd 

oot'ton substrates in most tests, This is consistent with' the 

finding . tha. t photoperiodic diapa. use ind uotion ia determined 
~ 

du ring ",he ls.rval stage (He.velk80, 19800).' Peroent,age of 

emergence. from peat was si.gnifioantly higher (X 2-tests, 

p<O.08) than fram cotton in both replice.tes at 6.5 

uW/cm1, This is t.he reverse of what would be expected 
," 

if l&r'lfa.e were affected by the reduction in radia.tion 

ïp.t.en~ity experienced in pea.t vials. a.nd mal' be rel&ted 'to 

bet ter survi val in pea t. 
, . 
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TABLE 14. Percent d1apause in À. aéh1d1!lza larvae under short day (LD 9:~5) conditions .tth'low " 
1ntens1ty radiation at niglit. " . 

- Radiation intens1ty' at Temperature regimel Type of 1 D1apau~e 1 Emergence 
.--', .. -, ni ght. ulf/cm2 (1 Ulf) Thennophase: - pupat10n of alhè of exp~cted 

cryophase substrate • total 
Upper leaf Lower leaf o (OC) x+Sf X + SE 

n surface surface 

564 48 (5.5) 26- (2.5), 21:15 . Cotton .1.1 .::t. 0.1 98.0.+ 0.3 

400 Peat" 100.0 
, , 

400 ê1 .(2.5) 11.5 (1.4) 21:15 Cotton 30.1 + 1.0 6.7 + 1.6 

175 . Peat .. 64.0 
_1> .. 

318 6.5 (0.7) • " 4.0 (0.5) ZÎ:15 . .Cotton" 67~1 + ,2.8 30.3.!. 2.7 
-, . 

Peat 300 43.6 .:!: 6.4 
, () 

, 
~ 291 Dark ' Dark .21-:15 Cotton IOO.O!, 0 0 

,225 P'eat 0 

271 . Red 20 (l~5)' Red 11 (0.9) 21:15 . Cotton 88.6 + 4.4 9.t) ! 3.3 - . 
225 Peat .6.0 + 2.0 

~5.5) , 26. . (2.5) 
; 

8.4"+ 0.5 576 48 18,:10 Cotton 8,8.7 + 1.1 - r r 

-' 
1 7Thenno~hase 2 .h shorter ~han' phot~ph~se: 

~. 
2 Detenn1ned only fram cotton s.u~~tratès.; . .... 

If, • 
. ;.. 
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Figure 
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18. Effeet- of low intensit.y ra.die.tlon a.t night. on . 
diap&use incidence in A. a.ph-idimy2O, le.rva.e (LD 
9:15, TC 21:15OC). Ra.dis.'tion striking upper , 
lea.f surfe.oe:' .observed va.luesj regression 
Une (Y:105.95-57. 71 LOgl0 (x+ 1». Re.die.tion ' ) 
detect.ed on lower le~f surfs.ce: 0 observed. vs.luesj 
---regression Urfé (y=105,.29-69.05 LOglC) 
(x+1»; y dia.pe.use under réd Ught. 
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, No' threshold in~ensit.y for dia..p&uee induct.ion was 

det.ectéd wi thin the range of i11 wnina. 'tion a.nd. irre.dia.nce 

t.eà\ed. Even e.t the equiva.lent leve!' of visible light. frpm 

t.he full moon (0.7'0 lx)" under LD 9:15 (TC 2~:15oC), 37" . " 

, a 
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.of la.rvae emerged without. dia.pawsing. Dia.pa.W5e incidence wu 

( linea.'rly rel&ted to t.he' làg",rithm of ener,y per unit. a.rea..'a.t 

leveis < 48 uW .Icm2• 

Energy levels measured under single leaves, where la.rva.e 
. , 

spend moet of their devêlopment. period. were a.pproxima.t.ely 
\ , 

hal! of t.hose a.bove lea.ves (Ta.ble 14.), t.heref'ore, it. is 

possible t.ha.t diaPAu.se May be prevent.ed in la.rv8oe a.ctus.llY 

experiencing 26 uW/cm,2 '(2.t\' lx) of radia.t.ion. 

Radia.tion mea.euremenui in, uW/cm2 in inoub8otors. were 
l' 

over twice, a.a . high &8 figures dbt.a.ined using ma. thema tio&1 
, r-

cçmveraiorus to lux for' incandescent. pulbe 801. full intensit.y 

(4.0 W/om2 per k~ux) .(Bigg~ and Hansen, 1979). This is 

proba.bly beoa'\,1se, a.e voltage drope, a.n increasing proportion. 
, j " 

, . of energy emit,ted by inca.ndescent bulbs is in. the red to 
t 

infra.red (m) ra.nge (Summer, 1962), which ,~is det.ected bl' 

ra.diometrio b\tt not photometrie sensors. 

No aenaitivit.l' to rad light was çiemonstra.t.ed, 8olt.hough 
. .: 
1 serusitivity 1.0 IR, whioh ma.y be involved in in sect diapause 

" 

r • reaponae (Ca.l1a.ha.n, 1962), ia not en!-irely ruled out, 

bec&use a.11 inca.ndescent bulbs e';IÜt a. high levaI of IR. If 

la.rv&e were sensit.ive t.o red, t.hen at. lea.st. a.s man Y would be 

expect.ed ta respond to 20 uW /cmz of red wavelengths'.as 

t.o t.he sa.me intensity of white (mixed apectrum) light. Only 

.30% di&lJa.used under 20 uW/om2 trom the white bulb, 

wherea.s 89% dia,pa.used under the 8&me int.ensity of ra.dia.t.ion-

" . 
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'. 
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from a. red bulb. Even if larva.e were una.ble 'tO deteot rad 

light, sufficien't whi'te light mà.y have lea.ked from flfl.ws 
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ara und the caIlar of the' red bulb to s&turate photoreœptors 
, . 

of a few extremely sensitive individuals. The extremely low 

level of radia.tion neceSB8.ry to prevent dia.pa.Use in' e.n 

equiva.lent proportion of l~rve.e ce.n be ce.loula.ted uaing the 

eque.tion from the, r;gression line (FiguJe 18.). Assumins 
, t 

the.'t thè log relationship bolds between c:tia.pe.uae. inoidence 

and re.diation intensity Pelow 6.5 uW(cm2, ca.loule.tions 

show the.t 1.2 uW/cm2 (0.25 lx), would prevent c:tia.pa,use 

in 10% of A. a:phidimY2a la.rvae. 

Under 10" tempera.ture (TC 18:1(00) ~nd 48 

uW/cm2 (5.5 lx) at night, dia.pe.ûse wu induced in 89\ 

of la.rva.e. Thus. if e. thermoperiodié r.esponse threshoid' for 

die.pa.use induction exist.s (Beek, 1982; Se.unders, 1983), then 

it differs with photoperiod. Bece.use this 'thermoperiod 

regime is lower than the.t genere.lly used in commercie.l 

greenhouses during win ter (sorne lettuoe va.rieties will grow 

under 1800 during the da.y, '10-1200 e.'to night), 

'these resul ts do not detract from the usefulness of low 

light levels in mainte.ining reproduoing A. aphidimtlza 

popula'tions during ~he winter. 
,Q 

To a.pply these results in 8. greenhouse, r&di&tiQ~ 

mea.surements were checked at differènt dist&nces from 60-W 
/ 

and 100-W inca.ndescent bulbs to determine the a.rea. of 

effective illumination. In these mea.surements, 48 

, uW/om2 did not ocour the sa.me dista.nce from bulbs as 

the 5.5 lx reading. This is prob&bly beoe.US8 these lights, ~ . .. ,­
were a.t full volta.ge. in contra.st. to 'the amall bulbs us.ed' hi ' 

. .,.;, 

\ 
1 

, \ 
\ 

\ 
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. inoubators. with reduQI!d volt.a.ge and consequent. 

prOportiona.lly h1gher. levels of infrared. Also, t.he large 

bulbs were not' frosted, which me.y' ha.ve ma.de 8. dÜference, 
}... . . 

For pre.otical' applice.tion of these results, the me&8urement 

/' in lux W&IJ ueed, sinee it is most likel;y th80t effective'! 

w80velengtha for diapaU8e" induot.ion lie within ~he visible' 

spectrum (Chapma.n, 1982). For day-neutra.l orope, relatively 

1 

'" ~nsensitive to low light intensity. {e.g., tom8otOE\S, peppers, 

ououmbere). radia.tion from a sill,le. 60-W bulb could he used 
; .. ' 

to . prevent di8oP&use in most A. aph;idimY%<J. within a. 

oirole 12 m in dia.meter. e.nd t would prevent -dia.p&use in >50% 

of the popula. tion in a. circle > 22 m in die.meter. This would 

not be useful in e.n extremely light sensitive crop' (a.g., 

poinsettia.s). however, most pla.nts 8.re in sensitive to light 

below 2 lx (H8one.n, et 8.1.. 1978), whièh ocours ca. :5 m trom 
" 

60-W, or '4.5 m ~r9l1l lOO-W inc8.ndescent "Ibbulbs. 

Further work Ion preventing dia.p8ouse could be' direoted 
, . 

towa.rd determining whether A. aphidimyza l8orva.e 80re more 

light sensitive a.t oer'ta.in times during the night, &s ia 

known in, other inseots species, 130 th80t light. pulses during 

. sootophe.8e oould be used to prevent' diape.use (Lees, 1968; 
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, , '. 
Beek, 1980; Br.unne.rius a.nd Dumortier, 1984; Kikukaw8. 8.nd 

Me.sa.ki. 1984). The use. of brie! perioc:;is of illumination at 
, - ' 

~g~t he.s been suggested &s a. w~y ta ,oon trol cr OP pests by 

preventing die,pause in 'the fie4i '(He.yes, et 801., '1974; 
1 

Sâ-r'inger. 1983). Wit.h A. aphidim!f.za in greenhoui}ea, 1 ' 

however, it could be used "'to obt,e.in better biologice.l 
( " ' 

,; control ,of a,.phids. This would, only be fe~ible if the' 

intensity or 'duration of liglllt bre80ks did not disrupt d.a.rk 

• 1 

.l, ' 
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pha.s8 'prooeSSe8 iD. crop plants. 
. 

Further investigation of spectre.l ~ensitivity: in A. 

aphidimtl2a larvs.e a.lso may be useful. If la.rvae respond ' 

most strongly' to speotra not effioiently absorbed by pl~'ts 

(e.'., blue or blue-green wavelengths), oontinuous 

illumination 8.1.: nj,gh1. oould ~Of hlgher intensitY', 
, -' ~. ' 

requi.rine fewer fixtures a.nd le$1S enM'gy exPenditure 

la.rger area.. wi1.hou't disrupting plant prooesseso . 

for a' 

\ Th~ followin, ~1.ion êlescribes a. related inves'tigation 

int.o photoperiQdio termina. tion of. diape.u8eo 
o " 
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PHO'l'OPBRlODIC TKRMlNATION OF DIAPAUSE 

A series of> tests was conducted under various 

environmental conditio,ns for dia.pa.use induction and 

termination .to find out under wha.t conditions diapau~e ca.n , 

be photoperiodically terminated in A. aphidimllza.. 

Materi.8JB and \ Methods. In two tests, la.rva.e·' remai~ed . " 

under dia.pause inducing conÇlitions (LD 8:16 and 210 0) 
( , 1 

until a11 diapa.using la.rva.e eventually res'umed" development 

a.nr emerged. ln three more tests diapause W8.S induced 'Under 

LD 8: 16 (210 C) or LD 9: 15 (TO 21: 180 0) and th en 

larva.e were pla.ced under LD 17:7 (210 C) !lntil adulte 

emerged. 

In ,a. further test,' larvae, in which diapause W8.6· induced 

by rea.ring under LD 8:16 (TC 25:100 C), were divided 

into two groups, one of which Wa.6 placed in LD 1'1':"7 (TC 

25:100 C). The other group Temained under the original . . /' 

dia.pause inducing, conditions. When no pupé..i development ws.s 

observed a.fter 42 d, this group wa.s chilled (50 C) in 

da.rkness for 30 "'d to ha.sten diapau~e development, then moved 

to LD 1'1':"7 (240 C). 

In a final expviment, replicated twice, la.rvae were 

rea.red under LD 9: 15 (TC 21: 150 C), . to . induee dia.p&use. , 

They reme.ined under these conditions, but 48' uW/cm2 

(5.5 lx) of continuous illumination a.t night (from a '7.5-W 

, ' 
frosted bulb) was added. When no emergence was oooerved 

after 31 d, haIt of the vials, randomly picked, were put'" .iÎ1 

LD 17:7 (21oC). <:z:u1e the rest remained under LD 9:15, 

with low intensity illumin&.tion during the da.rk phase., 

: ,..1 

• 

a . , 

.. 

1 
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Thermophase was the sarne length S.8' photopha8e in tests 

~with LD' 8:16 and LD 17:7. Thermopha.se W8.8 two hours shorter ' 
p < 0 # 

the.n photophe.s9 for LD 9: 15 regimes, ta simulate winter 

greenhouse conditions. 

C~RaIrult.a and Discu8aion •. Results of e.11' tests e.re given 

in Ta.ble 15. In the first three tests 4sted. larva.e were 

laft until 8.11, emerged (or died) , ~hU8 time to t)O% emergence 

is 8occurate. Rema.ining tests were termins.ted 'Cetore' a11 
... n 

la.rve.e had pupatted ,and emerged. therefore, ~lthough time to 

eo% emergence la given, it ia cs.lcule.ted from, those the.t, 

emerged ,within the test period. Therefore. it ia ee.I"ly 
" \ 

, 1) 

rela.tive ta time ta 50% emergence for the tat.a.l population. 

In teBt),"~h~re la.rve.e were moved to LD 17:7 (21OC) 

for di8.pa.use development, mean development ,time wa,s 15 d, 

compared to 13 d for' la,rva.e re.e.red entirely under LD 17:?, 

without diaps.u.se. 'Pupation a.pp&rent1~ began within two da.YB. 

La.rv&e the.t he.d been chilled. for a. month 8.t 50C teok 

'q~r twice a8 long ta e,marge. Diapa.u~e ma; have been more 

in tense because they were rea.red' under a cold nigh t 
\ 

therrnoperiod., or because the chilling deepened diapa,use 

(Havelke., ~980b). 

Under LD 8\,6 (210C), dia.pause ended spont.a.neously ~ 

() 

; 

in 33% of la.rve.e\ with,in 33-50 d. Most of the rest em~rged 

during the next JOÛ-' d, a.nd s. final few (11%) sllbsrged Ul' to 

50 cl la.ter (200 d from the time they, were ple.ced in via.ls) 

(Figure 19.). Thua, e.ltho:ugh d,iapause, eve~,tual1;y ended 

" &pontaneously under LD 8:16 (210C), it was' terrninated 
, c 

swiftly, without chilling~ by LD ,1'7:7 (21OC). This lB 

Véry use!ul f~r long terrn stors.ge of m~~~-produced la.rva.e, 
\ 

i 
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TABLE 15. D~lpluse tenl1nlte~ under dtffetent envtr~ntal condtttons 1n~. aph1d1!lza laryae. " 
\ Last - ' 

Oiapause Days ~~ o 01apausel Begin lime ,to emergence ~ niapause ~ Late 
induction diapau'e termi nat 1 on emer?tnce 0 50%, or last' at end of pupation 
regime induc1Rg n reg1me (d) emer~ence observation test 

(OC ). reg1me .< OC) . '(d 1 (d}l 

lD 8:16 (21) 21 '31 same 332 • 
, 

74 200 0 -=-"" ~O=~'-

r 
LO 8:J6 (21) il 19 same 342 42 194- 0 ~ 0 

~ 

lD 8:16 (2i) 21 18 lD 17:7 (21) 12 15 23 "0 (} 

lD 9:15 (21:18) 21 72 lO 17:7 (21) 12 • >1S 21 ..,1.4 0 
....... 

lD 9:15. (21:18) . 28 176 lD 17:1 (21) 13 >15 28 2.5 1.4 
" 

lD ~:15 (êi:18) 28 104 lO 8: 16 (21) 15 ->38 63/ 11.2 14.4 
r -, ,t" 

LD 8:16 (25:10), 'ZI 87 lD,17:1 (2~:10) 20 >31 f 7.5 12.5 ... 
LO 8:16 (25:10) 35 65 / 

-:" + DD( 5) 30~ lD 17:7 (24) 17 >29 j/ 39 2.4 9.8 

-----lO 9:15, (21:15) 21 241 3 samé-+ 48 uW/oa2 l 
67 94.8 0 

. night 111vmtnat1on 
r 

~ 
0 . 

.i 
.. 

lO 9:15 (2l:15) .. 53 2413 lO 17 :'7 (21) 12 19 35 <l 1.0, 
d }l-

D . 1 

"' . l Oays'" frbm cbange ~~f ~eg1me'. 
-, 

. , 

. 
2 Oays fr~ larvae pl~ced in vials;'-

. . ) • 
1. ~Re~unS . of tw~~ r~pl1cates pooled" . 

'. ' . ,; ~ , ) 
--~--"---- ,. 

J, - -. -. , 

, -- .- -
~ ..... ~ 

. , 

l 

. -

~ 

, 
, 

... 

.... 
cr 
0 

, .,/"'"'\ 
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19. Spont6neous termine.tion of dia.pa.-use, without 
chilÎingf in A. a.phidimYza .from FIN, control 
line, rea:red under LD 8: 16 (21<>C).c Arr;ow 
points to &duite emerging Without C!-ie,p&use. 
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.~~ ~h.re U :"ly & "l~h~;d~~ dovelopmen~ once 

'dia.po.uain.s la.rva.e a.re Pla.ced \Înder Ilo~ day conditions. The 
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; , ,. v\~' 1" \ ' 
la.rva.e: in th.e tests 1.qt~Y.' have 'been in '~h& 1, Mansingh (1971) 

\. ' 
'tè~ "a.teleo-dia.pe.use" , a low intenàit.y dia.pau88 tb&t caon 

.. ~ ,4 • 

- r 
he ternü-na.~ precociously, beca.uae diapa.ùse wu induced 

. - . 
undèr--Nla.tivety high tempera.turea. Tt,ds ma.y expla.in the 

/ , 11. 

swift ,t.ermina.t.ion of dia.paUM under long da.y conditions. 

Dia.p&use induoed under wint.er greenhouae conditions 

couÏd nQ't ba' 'terminated by' exposure to 48 uW/cm2C 'at 

night, which hM beez; shown ta preve~'t dia.p&uss, therefore • .. 
it is likely th:~y~J.ight int.ensity t.hresho1~ are higher for 

r \ j ... t" . , 
aiapauae termination than for diapaus8 preve,ntion. 

L&rve.e ree.red under LD 8:16 (TC 25:100C) took e.bout 

__ t'Vice s.s' long 1,0 emerge under LD 17:7 (TC 25:100C) 

" 
(mea.n 21OC) , tha.n ot,her diapausing ls.rvae pla.ced under 

LD 17:7 OHoC). Beca.use me30n temperaturès were the 

same, larva.l and pupa1 development rates ehould ha.ve been 
"-

the s&me. sinee 8011 \ernpera tures were well a.bove larval and 

pupa1 development thresholds (4.3 a.nd 5.7OC 

2; respectively) (H~velk8.. 198030). This rnay be evidence of a. , 
thermoperiodic' threshold for dia.p8.use development (Beck"l 

( 

1983), in tha.t the rea.ctivating 'effect of long de.ys was 

:, dela;ved when tempers.tures dropped below a certa.in threshold 
, , 

&.t night. There is no evidence of such 8. thresho1d in , 
diape.use induction, beca.use in prelirnina.ry tests, <1% of, 

"" ia.rvae dia.paused when rea.red entirely under LD 17:7 and TC 

25:100C. 

Al"though thèse re~ults ha.\Te pra.ctlca.l apPlica.tions in 

comméroia.l production of A. aph.idim1l2Cl.,' ,they do not 
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exPla.in the r in tera.ct.ion between })hotoperiod a.nd t.hermoperiod 
. 

in dia.paU8e ~rmina.t.ion. l'ur'thermore, reeult.a' repor~ here 
...., -

e.re not, necesa.rily t.rue, for other A. a.phidî'm1:/2CZ lin~s; 

Ha.velka. (1980b)' found differenoes i~ Photo~odiC 
rêa.ctiva.'t.ioxi be'tween two cniferen't a~a.phioa.l ra.ces of 

A. aphidimt/za.. 
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APBlDO~:V~BIDIHY~A DI USB 01' 

" ftl 1 

G~lŒOUSB CROPS DURDfG WIlft'BR , , 
" Once a met.hod ot pre;vent.ing die.pa.USè in ,.4. aphidimyza. 

, 
'la.rva.e wu tound, expel'iments were dohe to determine whether 

they could co~ trol a.phids un~er ~in ter gr~nhouse conditions, 
, . ' 

and, if ,SO, a.t. wha.t. relea.se ra.'tes. Tolere.noe of ·A'. 

a:pJ1.idimy%O. t.o Sa:.fer/~ Inseoticidal Soa.p (used ta . control 

a.phids) was also st.üdied and, in a. concluding seotion, 
. 

reoommend~tions e.re given for t.he use of A. ,aphidimyza. in 
, . 

Ca.na.dia.n commeroia;l greenhouses. 
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MIDWIRTBB RBLBA.SB RADs BXPBRIMBRT 

~ith Iow intensity r8.diation preventing die.pe.use in A. 

a.phidimyR:a., . relea.se rates experiments were undert.a.ken in , 
• fi 

the greenhouse to determine whether le.rve.e. could control 

< aphids during wint.er a.nd,' if so, whe.t relee.se ra.tes should 

MateriaJ.a and Metb.oda. Green pepper ple.n ts were used' 

because (the clone of ~. pel'"~Ca.6 réproduced ra.pidIy on 

them. If A. aphidimy%a. can control M. pe7.'swa.e on· 

t.his host, it.· is likely th6t they ce.n control M. 
, 

persica.e, or another. slower reproducing species, on other 

crop plants, At the tempere.ture range me.inta.ined during the 

experiment (2100 da.ytime maximUm, 150C nighttime 

. minimum), M. f>el'"sica.e r~produces 2~t times more qUickly 

than &1. M"her or 10wer tempera.tures (Barlow. 1962). 
" 

therefore, this experiment involved "woret case" condition 

for apn'id control. 

Twelv~ •. wood-frame oages (45 2' 90 x 60 cm high),a 
, ' 

covered with nylon mesh. were built into one greenho'Use 

bench. Access to ea.oh cage W&8 through a c fla.p on one side 

fa.stened with Velcro. strips. Bach ca.ge contained 20 pepper 

plants in 12 cm dia.m pots. At the beginning of the 

experiment, plants ha.d a.n average of nine expanded lea.ves 

and mea.n infesta.tion levei of 50 a.phids per ple.nt (1000-1200 

ap.hids per ca,ge). Because tempera.tures inside cages were oa.. 

30C warmer during the da.y tha.n outside ca,ges, the 

sreenhouse thermosta."t( was set a.coordingly, to l?rovide TC 

21: 150C inside ce.ges. 
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A ra.nd0!D-ized complete block design wa.s used beca.use *t 
waos swspect8d that te~pe'ra.tures è.t night varied trom one end 

.. 
'of t.he bench to' the CDt.her. Three replio&tes of four relea.se 

rates (l preda.tor:3 a.phids, 1:10, 1:50, 1:100) were used. 

Over 3180 le.rve.e trom the FIN oontrol line were placed in - \ 

via.ls 29"31 Ootober, and released in ..o8.ges ,11-13 November. 

Adulte were aexed and releUed in a ra.tio of 1 ma.le:2-2.5 

females, which was the mea.n sax r8.tio in t.his line. A second 

relea.se of &duIts, trom 3750 Iarva.e colleoted 13-15 
t 

November, W&8 made 14 d lèrÏer. 

Six lea.vea trom ea.oh oage were randomly pioked 8.1, five, 

day in'terv&ls _ a.nd ~ liVing, a.phida, A. GtPhidi~Y2a eggs 

and la.rvae were counted under 25X\ Atter counting, lee.ves 

were la.id on top' of pla.nts in cages: to minimize the im'pa.ct -
• 

of se.mpling on preda tor . a.nd prey popul8. tions. Al though 
, 1 

pio:)ring le8.ves reta.rded pla.nt ,rowth, there wa.s a, net 

increa.se in number of leave~ .. ~r pla.nt by the end of the • 

exPerimen t. 

Mea.n s,phid density per Iea.f W&8 used a.$ a criterion for 

: suco~s of a relea.se' rate, rather ths,n fruit yield, beoe.use 

planta were confined ta -smal1 Pots &1. high density, e.nd were 

unlikely 1,0 yiald well. The numbar a.nd wei,ht of fruit, 

num'ber of leaves, and height of pIanu, wu recorded e.t - the 

conolusion of the exariment (65 d). 

Resulta a.nd Discuael.on. The, experimenta.l layout of 

cages lS shown in Figure 20. Changes in the numbar of a.phids 

a.nd preda.tor eggs and le.rva.8 for eaoh replicate of the 1:3 
> • 

a.nd, 1:10 relea.se ra.'te a.re "hown in Figures 21. and 22. The 

mean of &11 replica.'teS e.re shown for t.he 1:50 a.nd 1:100 

. ' \' 

... 

-- 1 

o • , -.. '~' .. ' , 
.. J 4. ... , 

1 
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. Figure 

( 

, " 
(' 

, 
.~ 

20. Experimental le.you't of oagee for midwint.er 
rele&&e ra 'tes eXp8rimen 1. in greenhouse. Nort.h end 
of bench warmest. sou'th end cooles't. 
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'Figure"21: Resultas 'of releasing 'l' preda.to1.':3 a.phids" in 
midwin~ greenhouse oonditions., Mean, number of 
"a.phidsJ • ..4.. aphidimY2Q. eggs, a.nd la.rva.e, from six 
sa.mple le8.ves. Arrow.s mark preda.t~r relea.se da-r-es • 

• 
• • 

" 
';.. 

. ' 
. ' 

" 

" 

, . , 
, , 

, , 
" .. -',, 

. ' 
., 
,~ 

" , 

~ , ,..,. 

. \ 

. 
\ 

- <; .. " 

,~. 

,-

", 
" 

" 

" 

,\ . , '. 

,JI 
" 

" 
î' 

" 

l' .. 

l " 

... 

'. 

.' 

" 

.. 

, . 

.... ! ... 

" 

.. 

.. 

. , 

) 

. " , , 

" 

" , 

" 

<', 



,0' 

" 

•• ~ t 

" 

, < 

20 

eo 

80 

• 
80 

40 

20 

,0 

Q 

\ 
1 -' 1:3 

Replle.t. 1 -ÀPhlda 
.......... EII~ 
---t.v •• 

.... • -.0 
• 0 0 

o 0 " . 1 .. . . 
~ t: \ . . : ~ 

, : A ~ 

\ : "\ ~ ..... .. 
o 1 • 0 • 

~
• ,. 0"' • •• ~ 1 ... " o. .. . ,-------" 

• 1 

Replle.te 2 
'. 

,38 48 58 

DAYS FROM FIRST RELEASE 

• • 

, 
191 

j. 

l 



r· 
li 

~. 

" 
v-

: 

.... .. 

4 

, " 
~" 

, 

..t 

,. 

.' , 
192 

, 
',' .) 

1 \ 

" 

Ill< 

1' ..... 

" 

" 

Figure 2~. Resulta of releasing 1 preda.tor:10 a.phids in 
midwint.er greenhouse conditions. Mean number of 

", 

\" , a,ph-ids. ,A. aphidim1l2a. èggs and larve.e t'rom six 
sa.mple 1ea"'es. Arrows ma.rk precis. tor releue d~ t.es.,' ' 
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,r.ele~ ra.tes in Figure 23. Da.ta. for ea.oh tr.eatment a;re, . 

oompilecl in APpenciix C. 
~, ' 

. Sta.tistical a.na.lysis confirmed that t.here wa.s a, " 

significant. effect due to t.re~t.ment. (ANOV",", '=33.03; 
, ~ .... 

\ ' / ' '', 
df=3,102; p=O.OOOl) and block (ANOVA, '=6.31; df=2,102; 

" . , , . 
p=O.0026). There W&8 e. gree.ter number of fruit in ~ 1:3 

• • l ,,_ 

and 
, 

1:10 cages, 'but nct signific&ntly 80 (Appendix" C, Te.ble . . 
C5.), Tpere ~e.s ~lso no Si~~i~ice.nt dif~ere~ce in heigpt. of 

.' 

.' 

, plants e;'ft 'the end of the experiment, Number of leaves in 1:3 / 
1 

, -
a.nd, 1:10 trea.tments W&8 sigtûfice.ntly higher than in 1:50 

.. . , 
~nd 1:100 trea.tments- (TukeY~B s~udentized ra.nge, test -for, 

, 
variable; p<0.05), showing the.t these plants werè' more 

• 
vigorous as a resul t of lower aphid infest.a tians,. 

" The 'two 10west re1eàse -ra.tes) 1:50 and, 1:100, were, 

, ,~lear1y: inadequat.e. with a.phid populations rea.ching >150,~ 

aphids per leaf' in a11 ,replicates, beiora midge la.rv~~ . 

1 • 

. ' 

~ t~ ) 

brought the· population under control. Even a.t the~e 'relea.se 

rates, however, aphiq pbpu1ations were reduced to <3 par 

lea.f in aU replioa.tes by the end of the 'experiment, 

... demonstra.ting the preda.tor's numerica.l (a.nd functional) .. J. 
, l 

reaponse to prey density. 
, . 

Resulta of. 1:3 and' 1:10 relea.ses were simila.r,. and a.ny 

" " differences between them were probà.b1y rela.ted more -to the 

, -tempera.ture grtidient a.1ong the bench ûhan to the different· 

/ ,- numl$r of preda.tors released. The north end of the 

greenhouse ('R.ep~icate l = RI), where the main ste am pipes 

entered, waf:. cons1stently warmer at night than the south-end 

(R3), Because thermostats 'controlling heating' "and' 
. . 

ventil~tion werè near the centre of the bench, R2 cage 

. , 

, , t . 

Q , 

~ 

l 
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", 

cond:1t.ions w~re Qloseat. t.o TC 21t;L59C. Replica.te 1 wu 
, !'. 

... " .... t .. ' . .," 

'1-3OC w~r.m.er e;t. night. e.nd R3 wu, l-~ 0001er, 
, . . ~, " . " \ '. ' 

o depend1ni on:we~t.her out,doors. The effect of t.heee • \ r 
, 
, , t.empera.t.ure differep,celJ on A. ,aphidimyza. development 

, , "','~ 
t.Ü1le 'i8' ~ible on t.he 'g~a.ph8; 3.0 d ,ela.pse between' 

.. 
. ' Qviposition peau for ea.ch genel"ation in lU. 35-40 d ela.pse 

in R2, &00 30, d ela.pse Jn. R3. 

At the 1:3 ra.te. ,e.phid cont.rol Wa.B'agoocl in' lU~ with e. 
, . ~ .. .. 

; ~ .of <3 a.phi~ per 'lee.f d~ring the 180151. ~ivé weeks 'of the 

.~ ,. eX:Periment,' but thé othe~' t.w~ rep1i:ca.tee were :not 
. , 

.: 

• ~ 

"' .-

" , \ 

"f' 

.... 

,/ , , 

s&t;.efb.Ctorr. in' bot.~ R2 80nd R3, 80llhid popul8otions w~re 

reduced 1.0 <5 'Per 'le8of within four we~ks. however. a.phid 

popule.tions rebounded. An exple.na.t.ion .. for 'tnis ce.n, bf:l found 

by examinin( gra.pha ,for e80ch replice.te. In ,R2i a. 

,surprisingly lOf( ,mpnbeOlf' ).e.rv8oe r88~lt~ trom t the tiret 

~relea.se, a.lthôugh tllere' e,.ppea.red: '1.0' be an 'e.dequ~te number of L 

., - '~~ 

egga, &nd l8orva.e ha.d little impa.ct. on' ,a,phids .. , The 'seoorld 
l ' 

',J J 

re~ea.se of mi~es W8.8 well timed and tbè second gene'rat.io~'. 
" 

fram this relee.se W&S on' t.he ve~ge of decimat.ing, aphids by 
• J' 1 

the 'end of the' experiment "(Fiture 21.),:, 'ln 'R3. otfsprl.ng'-...o. l' ... 

~rom the seèond. re1e~e ~~rved b,caU'tse a.phi~ poP~l~tionâ 
~ 1 - J of 

':he..d: been redu~ed te 0-1 per 'le6.f. t.berétore, no la.rve.8 were . .' , .. ;.' , ~ 

, " 

." Q" l \ ,," ,~, 

present,. ,1.0 control a,phids. Although it 48 not olea.r whetber" , 
\ ; , J 

the lut ôviposi tion peak' ia tram' offspr1ng' ot' the' tiret or 
, ',,' '.' ,':,' . ' . . , .~ 

'~ond rèle~e. it ia' ~ost likely ta- De from t~e firet. ~ 
, , 

, , r 1 

'rele&se, bee~1Jse there were s'Uffïci~t. '8.phi~ ,between daYs' 

38 a.nd 8..'S .ta 'suppor~ e., la.rge n~~r of . la.~vae, had' they bee~ 
1 

present', La.rve.e fro~ t.he first. relee.se me.y he/ve had such a, 
.. 

,larg~ impa.ot on e.pb.id populé.tion's b'ece.use a.ph~ds reproduced 

'. ' 

.. , . . . 
< 1 

, , 

" 

, ' 

" 
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sl:ower, relative t.o Â. a.phidim1lza., under the slightly . '\v 
cooler conditions a t. t.he sou t.h end of t.he' bench. ' 

J 

The best over8oll oont.rol W8.S a0hieved usin, , a. 1:10 

relea.ee rate (Figùre 22.). When t.re8otmenta were 8088igne~, t.o 
~ , 

cages. Rl and R2 ended up 'side by side' 80 cage t.emper8otures 

would ha.ve been t,'he '8ome, which prol:?ably -explaina t.he 
" 

simi180rity in r-esulta. In R3, ,a,phids escaped control by t.he 
1 

end of th" e~riment in a ~tter:n very simil80r to that. 'of 

R3 of the 1:3 rat.e, whioh wa.s beside it. on the bench. The 
, ~ 1. b-

êecond reieue. of midg.., wu ~viden.tly Wa.8ted>· ~n this 

replioate. &8 it W&8 in t.he 'neighboring 1:3 ,~~atmeni. 

Resul'ta of this experiment, show.~ that. A,' a.phidimyM. 
" ~, -:t.' 

ca.n oontrol H. ~ztsicfMI in the winter uhder c6ndit.ions 

fa.vora.ble for aphid reproduction. The 1:10 release r8ot.e : . 
a,ppee.red t.o be more effect.ive th80n the' 1:3 rate und~r 

'" 1. r , 
midwinter greenhoUae conditions. The second introduction of -

midges, 14 d after. the first, ha.d a.n )mp&ct in Ri a:nd R2' ot' 
r 

bath ~reatments, but W8o!!- .wa.s~d in R3, shQ~ing t~ 

80dvisabili ty of basing re1e&88s on a.phid ooun uS ra. tfer tha.n 

on a. predetermined 8chedule. In R3 of bo~h trea.tments, the . . 
'second release would: h~ve been more_ effective four weeks .' 

.' 
a.fter the firet. relea.se. 

The 8obilit.y bf a.dulta to find mates, and fema.les to find 

80phid 'colonies. Ùnder win:ter~ greenho~e conditions, wa8 nO.t . ' 

tested in the sm80ll cages and mu,st be c\eC~ed in l8or,% 
\ ,", 

greeflhous88. AIso, air oirculation in moder~ co~meroial 

. greenhoUaes ia well controlled, and temper80tures a.re more 

uniform th80n those in the experiment80l greenhouse, further 

emphasizing the need for researoh on 8. greenhouse scale. 

.. -
", 

f"· ,~ ." • c 
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LAD V(IB'l'BR RBt·BASB RATE BXPBRIMI::NT . . 
• • 

. Be.sed on results of the first relea.se rates exeriment, a 
. 

second ex~riment w&s conducted, using 1 preda.tor:10 "a.phids. 

Materi.a1B and, Met.hoda. Methods were the same &8 in t.he 

. previoU8 experiment. Three replicates of the 1:10 relea.se 

<'1 rate were set up ~in greet\house e&gee. To minim~ the effect 

of tèmpera.ture dti'ferendes along t.he bench, only cent.re 

, ' oa,ge8 were w,ed, sepa.ra. t.ed by a.n empty cage between 

'""'i. ' 

replicates. Twenty pep,per plant.s were ,pla.ced in ea.ch' ca,ge 

and infested w1th 1300-1400;aphids ~r:c&ge (65-70J~r 

·plant'). -Adults were reieased in ca.ges on' 27-28 F~bru.à,ry and 

'aga.in 14 d later. s&mpling W&8 CÇlnducted &8 in t~e previo\ls , ' 
" 

eKPerimen't. 
, . . 

_ l ' .,. ,.' .' 

'23-2600 a.nd night tempera'tures were -1500. ': .,..,;;. 
~ .~.. ).. ", v 1 

, .' 

Resulta and Diecuaaicml. The e~rim8nt wa.a 'terlhi'na.t~ 
~ 

after; ,~6 d beoa.uae aphic:t po~at.ions had re&Ched' dest.ruc'tive 
.f • 

levels (>170 a.phids per leat') (Figure 24.). For unknown 
- , 

reasons, a,dul~ from the :Cirs't relee.se PJ"9d'Uc~ a., v~ry low 

'nwn~r of' eggs' and the 1~s~ la.rva.é were 'not - ob~rY'ed ûntil 
, ' • 1 ~ 1 ... " 

'the lOth da.y, unlike the . previouS '·e~rimen t, in wllich 
• 1" - -. 

la.rvae were counted , . oft t.hè, 5th day, Thè larv&e .~eénred 

~. ~o ,hav~, l,ittle. i; "any, ~pa.ct -o~ aphi~ 1,p?~:1?-1a~~O~~, Wh,i~h " 

reaohed >120 per 18&f" by the time of tHe secont;! relea.se. Tlie 

r , 

! ' 

higher dayt.ime temPera. tures and longer. 'de;.ys . dhti~ tJtis' 
,(;1 Q.' '. 

experiJn,ent. undoubtedly inore&8ea 'tll,e rate of aph1d ' 
• '.. 0 _ .. 

• .-, 1 • , 

,reproduc'tion, confirming 'the ,n~ed ~or the higlle~. ;rélea.se 

rat.e (1:3) in" l~te winte~ and èa.rly spring' reoouimended .. in 

Fir),l.anà (Markkula., et. al.," 1979c». Poot r~p~~01-ioh from. 

" 

'-~ 

.. 
.... 

1 

\-' 

'-

, , 

" 

\. 

• , . -
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" 

.-J 
Figure 24; Result.s of releuing 1 pred.a.tpr:10 &phids in 

1&t.8 wint.er greenhouse condit.ions. Mea.n number 
a.phidsJ A~ a:phid-im1laa. eggs a.nd. làrva.e from 
three pooled replioe.tes of six Am.ple lea.ves. 
Arrows mark preda.tor relea.se, da.tes." 
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the fa.ilure to, 90~trol a.phi~ dur\i~ this test, a.nd f:urther 

, , ; research i.S needèd on methods to' ensure uniform .... oviposition 
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nœiCTICIDAL ,SoAP 'l'BS'l'B' 

'Inseoiicide.l 80aps (pot8.ssium se.lts \1' 
, , "" 

f80tty e.oids) e.re 
. ' , 

& nat\lrally ooeurring, -biodegre.de.ble alterne.tive to chemic80l 

cOntrol for Some pe$'ts (Pa.rry a.lJ-d Rose, 1983). They ca.n be. , 
, , 

iritegrated with' bio~ogiC8.1 oontrol programs because. they 80", 
- , 

nonresièi:~al. In greenhou8es. irusectioidal S08.ps a.re used to 

1 ~ 

oontrol aphids .&nd o&n be integra.ted with the pa.rasite, 
. ; 

E,ncQ,2tsic.t i'o'Pmosa. Ga.nan, used to contrÇ)l white!!y. T. 

-', ~Q.po2tQ,~o'Pum CPuritch, et &1., 1982~. This experiment 

t.ested ·t.he effect of a' widely ava.ilable brand, Sa.f'er's8 
" , . 

InEJeOtioida.l 80ap (S&fer Agro';'Chem Ltd .• ,Willowda.le, Ont.), 

on eggs and larva.e·' of A. c.tphidimJIS/W,. 
, . 

. Two a.ges of larva.e. a..~d l-day:-old 
r- ~ • \ 

eggs·were'spraYed'tn·a. ~ot.~er spray ~ower.with two 
- , 

,conoentratiems of Safer's, soe,p: ~a 2% solution '(0.04_ 

. mg/cm2 e.ctive ingredient. AI. reoommended rate), and B. 

20% 'solution (O.4Ô mg/om2 AI) Controls -were spra.yed 

with' distilled wa.tèr. Four replica.tes o~ '25 eggt or larva.e 

wère ma.de of ea.ch trea.'4ment. Eggs were tested. twice; 

" 

~ 2-3-da.y-old la.rva.e and last instar,la.rva.e (rea.dy to pupa.te)' 

were .ea.ch tested onoe. 
, 

,Oviposition plants, with ~gg& from the previoul3 night, 

were ia.ken fram A. aphidimyzQ, câges in the morning, For 
... , . , 

.',.8pra.~ tests, eggs on individua.l' lea.ves ,.were counted under 

25X a.nd surplus eggs werê' ;removed, lea.ving 25 eggl3 per lea'f 
'--

on the' lower, lea.f surfe.ce. Le8.ves were pla.ced, eggs up,w8ords, 
, 

- '\ , 

'~C?n dry filter pa.pèr in pE!t.ri di'shes, spra.yeq" tJ:l.en covered 
,.' 

80nd ihcuba.ted under LD 17:7 (2IoC). Observe.tions were 

me4e et '?4, 48 ,and 72 h interva.ls. ~-

.' 

.. 

l , , 

, 
',' 

' . 

'. 

'. , \ 
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The 2-3-'d&y-01d la.rvae were &180 trea'ted while on 1e&ves 

(25 1arv&e per 1e&f) beca.use they were 1.00 sma.ll t.o he.nd1e. 
-

After t.rea.t.ment, ,fresh les.ves, infested with a,phids, were 

. &dded 1.0 petri, dishes to feed larvae. Observations were made 

&e .for eggs, with fresh a,phids added a.s necessa.ry. 

U~ing a fine, wet paintbrush, 1ast inst.ar le.rva.e. were 

p1&eed on dry filter 'pe.p~r in_ petri dishes just, before being 

8pra.Yed. Because larve.e esca.pe from petri dishes, they were 

pla.ced in via-1e with cott.on rolla for pupat.ion immedie.tsé19' 

alter trea.tment. Observe.t.ions of 1arva1 mor'ta.lity were made 

a.t. 24 a.nd 48 hi e.dult emergence we.s recorded a.nd aU 
.' . ~~ 

remaining cocoons were opened a.fter 21 d. 

Reeul:ta and Diacw!IaioD. Neither concentra.tion of 

\ ~afer.j~oe.:p ha.d a. si.rnifioa.nt. effect o~' ha.t.oha.bili~y Of 

'~eggs (ANOVA on pooled.tests, p<O.05), or on surviva.l of lùt 

insta.r larva.e (Ta.ble 16.). Adults from th~ latter larv'loe 

looked norma.l, a.nd were kept in sma.ll c'loges for 10 d to m'loke 

. sure t.ha.t ma.ting a.nd oviposition Were normal (>95% of eggs 
.. , 

hs.tched in a.11 cages). No significant effect was found on 

2-3-day-old larvae within 24 h. Analysis of data from 

observations' at 48 h, however, was not possible sinee 49 
-

la.rva.e (16%) es€aped. a.nd the remaining la.rvae were probably 

mixed. Becallse °so few d~a.d la.rva.e were found (Ta.ble 16.), it 

.,is likely that the spray did ·not affect 1a.rvae. This ma.y be 
r 

bec'lollse larvae are able to exude flllid over their body when 

they come in contact with' chemicals, a.nd this probably helps 

t.hem resist poisoning (UshchekQv, 1975). 

These results show tha.t Sa.far's Insectieidal Soap ca.n be 

u.sed to control a,phids when A. aphidimyza' eggs and 

.. ~ 
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" 
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fABLE 16. Results of.spray1ng eggs' and larvae of A~ aph1dt-,za wtth two ~oncentratfons' 
(2. 201 A.I ) of Safer's Insect1cidal Soap. Each treat.ent rep11cated four 
t1~ (n ·-25). 

~.... , Eggs 
% hatched 

Test 1 Test 2 

Control 95 92 

21 90 90 

20l . 94 89 

2-3-day-old last 1nstâr 
larvae ' larvae 

, Mortal1ty {24 h)1 ~ Adult emergence 

1 

2 

. 4 

80 

8-5 

" . 84 

, 
l Percent surv1val not calculated·because 16% of larvae escàped. 
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ls.rv&e s.re present. This pesticide joins the list of 

aos.ra.cides, fungicide~ a.nd 'sorne insectioides oompatible v.,ith 
c 

. the use of. t};le pred~to~.' oTl:lis is ps.rticula.tly useful becs.use 

foci of s.phids, or other pesta susceptible to in~ecticial 

8~P. , ca.n be spot spra.yed withou1. he.rming A. aPhi~im.YZa 

s.nd di"rupt.ing a. biologics.l control progra.m for &pl}ids .. 

, 
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Rl:COMMENDATIONS FO~ APPLICATION lOF A. ~HIDIHYZA 

IN OOMME~ GREENHOUSES 

" For -Growe~: 

,1) Relea.a;te '1 pupa,:3 aphids in spring a.nd fa,ll.· 1:10 in' 

'mi~winter if greenhouse if:! on a cool p.I'0duction schedule 

(TC 21:150C), otherwise use 1:3 rate. 

2) Al). a.ddi tional release may be necessary, usua.lly in 14 cl 

during spring and faH, and after 21-28 d in midwinter, in 

cool greenhouses. 

3) Use Safer's®Insecticidal Soap to control aphids. either 
1 ~ 

, 

before release of A. aphidimza, to bring populations to 
.' 

low levels. or te control "hot spots" of aphid infesta.tion 

after midgef3 have been released. 

4) Leave. container(s) of pupae in greenhouse, lid off. among 

plants where the y won't be disturped and out of the full 

sun. Ensure peat does not siry Qut completely for 10 d. the 
,t 

maximu~ emèrgence peI"iod. 

5) .. Pasteurizing pr f':lÙliga.ting greenhouse soHs will kill 

pupating midges, preventing . permanent establishm'ent. Sorne , , 

fungicide soil drenches (e.g., for damping-off, collar rot) 
\ - , , 

ca.n be used withaut harming pupae in Boil. 

6) To ma.intain midge activity during winter when no 

supplemental light is uséd te extend 'daylength for crop • 

207 

. leave a 60-W or 19C?-W' incandescent bulb on a.11 nig:p.t in the 

centre of ea.ch section (10 X 30 m) or 22 m apa.rt es.ch we,y 
in larger op\3n-spo.n houses. 

'1) Biological control of' whitefly (Tpiateul"odes 

vaporariorum) a.nd two-spotted spider mite (Tet%'anyohu8 

>. 
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~rtica.e) 'can be integra.ted wit.h the use of A.-
~ 

a:phidimllza.. 

8) Control may be enha.nced by providing pollen and nèctar 

flowers for feme.le midges ta ,ena.ble them te live longer &nd" 
. \ 

le.y more' eggs. DiU, or other sme.ll flowered Umbellifere.e. 
(.. 

are gcod sources of necta.r e.nd can he 60wn in soil heda. or 

at the hes.d of the house i~ planters. Single plants ai 

interva.ls (3-6 m) e.re likely to be sufficient. 

Par , Suppl.i.era: 
" 

To en,sure the best. oontrol, two a.ges of pupae (5/-7 d e.pa.rt)' 

should he included in the shipmerit.. This lS to 'com'pens8.te " 

for earlY emergence and short life spa.n of males, beoe.use' 

females em~rging from the ea.rlier group w~l~ 'be re"':mated by' 
..... ~ • 1 

me.les emerging la.ter, en-abling them t.o le.y fertile eggs' 
o 

'duz:ing their entire life spe.n. , , 

, ' 

, " 

.. , 

• 
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• 
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CONCLUSIONS . 

The central, aim of this resee.rch, to, provide ,effective 

a.phid cont.rol i~ wint.er crops in greènhouses using A. 

(J,'Phidimyza., was accomplish~d, although not in th~ way 
"'Jo. .. ~ 

1;·origin.e.llY intended, Selection Jor nondiapa.using linès ;un:der . 

LD 8:16 was possible in four out of live lines (two from the 

'FIN 1in~, two Îrom the QUE .lines), but only \mder constant 

':noc. No selection progre~s was made when larvae were 
, 

exposed to a thermoperiodic cycle, even a t rela ti vely high 

temperatures (TC 24:180 C). The discovery the."t ex:tremely' 

~ow intensity radiation a.t night prevented tlb.pa.use under LD 

9:15 a.nd TC21:l50 C, made it possible to continue with . 
relea.se rates trials, beca.use A. a,phidimyza. emerged ' 

,w'ithout diapause a.11 winter in the greenhouse. "This was very 
. . 

importan:t beca.use it wa.s not known w~ether A. a,phidir'!:yza. 

'could control aphids under winter greenhouse conditions, 

particularly M. perosica,e, with its high reproductive rate 

under cool conditions. Although the release rates experiment 

was, of necessity, a cage experiment, it showed tha;t 'A. 

a,phidim'yza was capable of contl"olling aphlds under cool, 

short clay conditions at release rates (l predator:lO aphids) 

lower than tha t recommended la ter in the spnng ( l: 3). This 

confir:ms the, value of t.his preda.tor and hs potential for 
• 

cont.rolling a.phlds ln wmter, giving further incentive to , 
renew the study'--of"--Preventing diapause. 

The diapause res~ ln A. aPhiditn~Za. was found ta 

be very complex. An in tera.ction between photoperiod a.nd 

thermoperiod was demonstrated, with long da.y photoperiods 

prevent:i:n~L or tef'minating~ di~pause under most temperatures, 

/ . 
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t 
'~nd thermoperiodic "qycles inducing' dia.paus6 ~ under short da.ys, 

e,ven in nondis.pause selected lines. Tha. t ~ow in tensi ty 

r.a.diation < <48uW/cm2) a.t rlight prevented dia.p~use, w~s 

'not previously known for this species. The '~vidence tha t» 
, . , 

under' certa.in environmenta.l conditions, the quality of the 
, ' 

hos't' plant af.fected the q~a.lity of~ e.phids 8ufficiently to 
.. 

irt:flq,enee diape,use in predator la~vae we.s un~xpeeted. and, 
" l' ~ '" 

without precedent in other predator species. 

A rela.tionsh~p between development, rate ~nd tenderiey to 
, " 

. die.pa.use was observed. Dia.pe,use oriente4 larva.e took longer 

tô develop than pup&tion orfented larvaej the correlation of , . 
early, emer.genee wi'th. low' diapa.use in~idence in generations of 

, 1 

nondia,pe.use seleetéd lines indicates there nia.y be a. gèn,etic 

ba.sis ,for the relationship, possibly through genetic linkage 

during nondiapause selection, or ~s a pleiotropic et'fect of 

nondia.pa.use genes. The domina.nce of genes for photoperiodic 

induction of diapa.use, ov~r those f9r nondiaps,us.e, wa.s 

~rnons'tra~ed; inherita.nèe of 'diapa.use wa,s foun,d to be in' 

a.ccordance wi th a.' chromosome cycle, in w hic h pà. terna.l 
el 

chromosomes are elimina.ted . 

Va.ria.oility in imports.nt a.ttributes of A. aphidimyza 

rea.red in 'the laboratory were found in the course of the' 

. resee.rch.' Va.riations ~nd imba.lances in sex ratio in sorne , 

Unes underscored the necessi ty of 0 btaininEt a line wi th 

sta.ble sex ra.tio for maas-production, Wide i..ntra.populatiori-

va~ia.tion in fecùhdity and life spa.ns of individue.ls were 

&180 ob~erved, auggesting tha.t genetic .select.ion for m'ore 

vigorous lines ma.y be possible. 

, } 

'. 
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As in me.ny resea.rch projeots,- Othis study J-è.ised 'more, 
, ,.e::- , .• 

q..u~stions, t.ha.n it a.nswered. ,AlthOûgh the use of low .~ntensi~y ~" • . 
Iight at, night' to ~revent. dia.l?ause works, and '<i.oes not" 

require a.dditional eq'uipment,'" beca~se most gz:eèph'ouses' a.re 
- ' 1 1 \ 

- . '.... . " . '" ' 
equipped with light ,fixt.ur~8 B.t' interva.ls" ît' ~s not 8. 

~ ." 1 .. • '" 

. univ~~al solution. l't)~annot' loe efnployed in' light sensitive 

_ . ?OPS. a.nd. doès -requir~, som~ effort, ~nd ,expens~ to thé grow~r: 

:/ A truly nC?n~a.pau'sin~, ~ine :.?f A. aph idimyZ~ wou Id be e. 
\ ,.' 

.. better solut.ion,- ~f it' can 'be ·fo\l;nd. ~.: sugges1. tha.t further 

Ci' 

~, -, ,1 '. ':.. 

research sh~uld 'be 'd~r~c.tèd towÀrd selection: fo~" no~dfapause. 
• 'J _ 1 >}~ _.. "__ ")'~ .. ' ( " \ ,:, 

Geogre.phica.l . ra.ces' of A., a.i'hid;im1l~~ fropi 'south~rn a.ree.s' 
1 _ ,: ' ,""., ,1 _ , " , 1./ l, 

should be sought and' scréened quiQltlY, 1 once .lines are 
- ~ \ '~r > ' ' ... Jt/t ~ > 

esta.biished, in' r.hs, le..borat.orr,. ,Several genere.tions of , ' 
\ 

1 f' \., " w" ' ..., 
• • \# .'.. , 

exposure to' desired-. photoperlod and :t.hermoperiod r~gimea ia ,\ 
..., ..... ' ... ,"',:' '; 

eI).ough to determine whet~er a.ny progress will be ma.de in 1 

seleotion. 

Further work on preventing çUapa,use with- low intensi:ty 
, , 

re.di6. tion couid concentra. te ori determining w hether la.rva.e, are 

sensitive ta' wavelengths not efficientry a.bsorbed by plants, , . ., 
such; s.s blue or blue-green.' If they a.re, dia.pause could be 

:prev~ntèd over 6. ls.rger area., wi't1h higher ;ntensity 

illumin6.tion~ without a.ffecting' pla.nt. da.rk ph6.se prooessLs. 
• 1 

< 

It might 8"lso .be worth asceria.ining whether' pul~es of light- at 
., ~ 

night. are effective in prevent.ing dia,pa.use in A. 
l "_,,, 

j 

a,phidimyza.. 

Much more work on relea.se r~tes and -timing of releas~s of 
• .. J _ ' .. 

A. ~p'hidimyza. is needed, a.nd on 8. greenhouse _ 8cale: 

Whether mating. or host-finding efficl.~ncy in fema.les, ia' 

'\ 
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. ' 
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reduced under winter greenhouse oonditions should be 
• - 1 

invest.ige.ted. Timi!lg relee.ses of the preda.tor, be.sed on e.phid' 

counts, or on e.mbient temperatures, a.Iso ought 1.0 be' studied. 

Another interesting ave~u~ of investigation opened by :. 
, 

this resee.rch ls the ;pos~ibili 1. Y of genetic selectipn of a. 

lina.--with high fec-undit.y. The variability ïn fecundity~ with a. 

. 'subst.antie.l proROrtion of fema.les la.ying over 200 eggs, might. 

. provide an a.dequate basis for genet1c selection. Seleètion 

for inc~ee.sed life spa.n might 8.1so be worth while. 

. {. Termina.tion of die.pause photoperiodiC?ally" without 

ohilling, has grea.test e.pplica.tion in commercia.l production 
, , 

of midges for growers e.nd, in oonjunction with resea.rc)h. on 

oold stora.ge methods,. would ma.ke midge produotion more 

eoonomiqs.l. -Relie.ble storage and ree.ctive.tion metbods frèe , , 

, supPliers ),0 produce pupae seasona.llYJ while providing 

,shipmenUJ ai pupa.e on de~'a.nd. 

J ,/' One of t.he Most in triguing areas for further 

" 

. " 

investigation~ is ·determining how the qus,1ity of host plants , 

affects ~phids, which in turn affeots dia.pa.use in preda.tor 

larvae. ~u~h thiz:d order ,e~fects ~a.ve ra.~ely been exa.mined 

212 

&nd may, ~hed . ligh ~,_ on . the subtle' interactions between plant~, 
l , 

, , 
c phYr.op~e.gous speoies ~~d - their ,prede. to~s. 
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• 
APPI.NDIX A. 

Figure Al. Wiring di&gra.m for timer s.nd 12-V light system 
., used for emerg~ncy lighting in incuba.tor. 
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~BRDIX B. , , 

Da.~ on percent dia.p8ouse, l801.e pupa.tton. l8orv~l a.-nd 
• 

mortality, sex ratio a.nd percent emerged by da.y 13 

le.rval.:.pupal ecdY8~8, for eaoh', genera.1.ion. or 

A. aphidimY24 Unes. 
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[ 1 

,1 ". TABLE .11. Dat: fre. the FIN control l1~e of !. aph1d1!y,a; 1II1II1. fotared unUe,r LO 8:16 ~ , 
(21 Cl. _ 1 II> _ 

. Dite 
coneet\d 

Sept. ,25-27/82 

Oct., 12-16 

Oct. 26 

Flb. 6/83 

Feb. 24 

Apr. 13 

: 'May 16-18 

June 6 

June 22-23 

July 31-~ug. 1 

'Aù;. 7-8 

Aug. 1'5 

Sept. 24-26 

Oct. 2~-b 

lt~v"ll-13 

OIC. 3~ 

Dlc. 22-23 ' . , 

Jan. 13-14/84 

Feb. 6-7 

Flb. 26 

"Mir. 18,,:19 

Apr. ~9 

Apr. 2-9-30 

May 19 .. 20 

Junl 9-10 

Junl 28-29 

" .. 
S Late S Mort. 1 1 t,y Sile rit 10 S Emergence 

Generation1 n: ~ DlIpause pu~.t1on 1.rvII pUP" Il : R ~ by d.y 13 ' 

1 

2 

" 13 

14 

17 ' 

1 

21 

22 

23 

24 

25 

26 

27 

190 

185 

118 

270 

136 

185 

17.5 

81.6 

89.0 

37.9 

30~8 

43.3 

61 . 33.9 
'-

52 . 31.9 

138 ' 48.8 
, 

805 -

96 

167 

296 

350 

4&4 

159 

462 

Ù6 

371 

487 

28, 455 

48.5 

57.3 

53.5 

49.6 

38.2 

~,.8 

41.6 

85.5 

89.5 

~2.5 

83.6 

4a.5 
58.4 

15.4 

49.2 

~5.4 

16.7 

29 

3D, 

31 

32 

33, 

462 

525 -

286 

258 

337 

o 
o 
o 

0.7 

o 

2.9 

3.4 , 
'2.1 -

2.4" 

20.9 

1.1 

1.6 

1.5 

0.9 

3.0 

0.7 

, 2.0 

a 

2.3 

0.6 

2.3 

o 
6.8 

5.6 

o 

" 
" 

" 

4.2 ., 0 

1.1 -0.5' 

7.6 

3.3 

2.2 

3.8 

\ 

o 
1.9 1 

2.2 

3.8 

3.3 a 
1.g , 7.7 

2.9 5.1 

4.2 13.0 

4.3 ~ 3.1 

1:0.8 

1:0 .. 6 

1:0.5 

1:1,.9 

1:2.5 

1:0.6 

1:1.8, 

1:3:4 

1:4.1 

1:1.0 , 

1:2.1 . 

18.0 

·3.7~ 

6.(l 1:1.5 

'.4 '1:1.1 

2.0 4.6 1:1.6 

5.5' ,1:1.6 

... '. 
... 

• l , 

, \ 

5 .. 3 

1.9, 

0.9 

4.4 1:1.5, \ ,14.0 

1.5 

3.2 

2.0 

2.6 

2.1 

3.2 

~8 

0.3 

0.6 1:1~4 -

0.7, HO,.6 

l·vl:o:a 
1.4 

2.0 1 

1:1.2 

1:1.2 

2.6 - 1:1.6 

1.1 () 1:0.9 

3.8 1:1.6 

3.1' 1:0.8 

0.3 1:'1:0 

24.6-

71',4 

'40,3. 

71.6 

41.0 
, 

77.9 

42.4 

48.7 

, 18.1 

30.8, 

\. 

• 

< ' 
.} " ,., . 

:., \ 

,', 

, . 

, ' 

~, -

" 
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TABLE 81. (Continutcl) 
1 ".-

' .. 
Olt. 

, 'collact.d 
, J Lite, S Mort,11ty Su rlt10, S Ellllrgenc::. 

GenÎl'lt1onl n 1 D1,apaule ,pup't1~n hrvi. pUpli tI : t by day, 13 

; 
July ~-U 

'Aug. 6-7 

Aug. ,23-24 

Sept. 12 

~ "" 393 

35 348 

86,"7 

39.9 

71.1, 

36.4 

1 .. 3 

3.3 

2.3 

. 1.8 

0.9 

'3.4 

0.5 

2.6 

1.0 

5.4 

- Oct. 2-3 

36 

37 ' 

38 

412 

391 

'149 

302 

3lt.· 

320' 

48.1 . 1.5 

, .1.8.' 

8~7 2.0 

Oct. 20-21 39 ' 

Nov. 10 40 
, J \, 

• Kov. 30-~t. 1 41 

Dec. '18-19 42 ' 

;lIn. 8-9/85' .', 43 

. Jiti. ' 28-29 ' ·44 

_ 7 ,Feb. 18, 45 ' 

,'Mir. 9-10 - 46 

Mar. 30-Apr. 1 47 ': 
, ' 

Apr. '14-15, 

Apr. 18-19 48 

Apr •. 21-22 

Apr, 26-27 

Apr. 30 

May-4-5 

May" 9 

, -

l .. 

. 70.9' ' 3.:0 ' ,0.7 obl.3 

~O:8' ~J~.o' ,_ ':2~6 
34.a// 1.6 O· 2.2. 

273' 25.5' 

227 

219 

284, 

295 

197 

, 

11.5' 

,8.0 ' 

61.3 

25.0 

'239, ) 25.4 

3~5.5 
~, '53.9, 

271 65.0 

uià 
"232 ' 

172, 

·'29.7 

37.1 

33'.5 
" 

0~7 ,1.5 

~.4 

2.8 

2.9 

'1.4 

1.0 

4.0 

t.4 

0.7 

2.4 

o 
1 .. 3 1~7 

1.4' ,,0.6 

1: 7 1.0 

0.4 1.8 

o 
1.8 

11.8 , 

" 

1~6 

0.9 

~.7 

2.5 

2.9', ' 

1.9 

2.0 

o 
o 

3.9 

3.5 

1.8 
, . , 

~ Sample CD1ndde~ wfth generation 'Of FINi~} 11n •• 
o· j, " ' ~ ...J, ... \,' • • 

\ ' 
, , " 

.' 

.4, ,I~ , ... , , 

, ' . , 
- 1 

( '. ' 
, ' 

r' " 
. 
\' , 

• '1 " , 

" , ~, ~ 

" \ 
,/ 

,.,... \ 

1:2.2 

.1 :1.2 

1:1.'2. 

1:1.7 

1:2.2 

34.6 

47.6 

'.49.3 

~ 55.2 
, 

1:1.6 41:6 

1:1.7 '\ 39.6 

1:1.4 58.8 

. ~1:5.1 59.6 

. '1:2.4 53.8 

1:1J .' 83.6 

'1: 1~3 ·45.9 

1:1.2 41.5 

1:2.5 78.9 

1:1.2 

1:1.9 

1:3.0 

1:1.2 

1:1.4 

1:28.0 

1:1.9 

37.5 

62.2 

. ., 

• .1 , 

'. 

) 

'-' 
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TABLE 82. Diu fMil the FtN(ND) 11~ of A. aph1d1!yZI, ,..lltted fClr noftcttÎp,ause under LO 8:16 
(2l.C)., ,,' - i " '" 

1 . , 

D,té ' ~ 
S Late S MOrtàl1ty • ',' s~ 'ratio % Emergence 

. colleeted Generation' n S Di.pause pUpltton larv •• ' pup •• ' "",: R by day 13 
1 • • • . '.' 

Sept. 25 .. 27/82 

Oct. 16·22 

Nov. 2·13 

Nov., 2B·Dec. 5 
, , 

Dec. 18-26 

Jan. ;-8/83 

Jin. 24 .. 26 
, 

'Ftb. lZ-13 

Mir. 2-5 

2 

3 

'4 

5 

6 ~ 

190 
o 

" 238 

'436 

364 

262 

UA 

7 " 160 
8 '2~. 

222: • 

77~S 

63.4 

59.0 

2kl 

15.1 

4.4 

~ , 

. 
., 0 

1.3 . '" ",4.2 

5.3 ' .', : '3104 
.... '\,') .. ~ '" 

o ! 

0.4 . 

, '~.4 

1.4 .',; :l.f : 1.9 
... f', \ r ,t '\ 

1 2.0 " °,2.7 1.5 

a. " r 
, , 

~ . 
1.7' 

," .... 

,0.8" ,',2.6;:' 1.9 .' 1~9~ 
• ~ ;. • " " t ' 

5.7.", , 'l~~: .. ~. 1.4":',0.9 

2~', ,,;" . O~S':, ,"3.2' ,1.4 

1:0.8 

1 :3.2 

1 :3.6 

1 :4.6 

1 :2.2 

1: 5'.7 

1 :5.7 

Mir. 21-24 

Apr. 4-11 

Apr. 30-May 2 

"'y"'19-23 

June 6~lO 

vunt! '27 -29 

July 17-19 

Aug. 6-7 

9 
',/. 

10, . 229 '-'; 8.4 

'1 :4.4 

1:2.5 

1:2.1 

1:4.3 

Î Aug'. 25-26 

Sept. 1M6 

Oct. 3~, 

Oet. 22-24 
, 

Nov •. U-24 

1.3 ,8.5,. - 1.~.' '5.6 

,,12 

13 

14 

lS 

16 

224 

~65 . 

224 

235 

315 

17' .122 <. 

ilS 259 

2.9 

3.3 

10.8 

8.7 

6.6 

1.8 

19 

20 

ti,· 

146 33.6 

240 ~ 15.8 

, 4.4 

7.1' 

3.3 

5.9 

3.9 

7.0-

',' 

0.9 

2.1 

11.2 

6.2 

0.4' . 

, 2.2 

5.8 

3.0 

3.1 

4.3 ' 

1.4 

,2.1 

5.1 

3.0 Q P 

, 6.7 1 :1.7 

6.1 1:1.6 

5.8:' 1:3.0 

'8.1 1: 5.9 

7 .. 0- 1:4.1 

5.7 
6.2' 

0.7 

3.3 

1:5.9 

1 :2.3 

1:2.2 

1:2.2 
, 

4.7 -~, .,! 1;,3 • .1 

5.~' 1:2.4' 
" 

. 24.4 

,10.0 

'17.6 

57.3 

16.0 

73.4 

" 88.6 

77.2 

78.2 

64.7 

27.9 

; 32.4 
9 

61.4 

·14.1 

18.9 

3.8 

13.5 

23.2 

.. 7.5 

45.2 

59.6 

36.8 

Dec. 1-2' 

Oee., 22-24 

... 
~22 

23 

," ,,24 

274 

200 

19~ 

208 

1.8 

9.1 

5.6 

·3.8 

1:5.6" .: 27.2 

1:4.6 , 15.7 
. , , 

, , 
l ':. 

'-" 
"' . . , 

-, 
.~.I' \ :.. ~,. 

'" 'r' 

'. . : 



, 
• i-
f , 
\ 

t 
f 
! 

1 

r 

.\ 

• 

" 

" 

Dite 
coll.cttd 

~ Jan.' 13-15/84 

Feb. 2-7 

Feb. 25-26 

Mar. J8-19 

Apr. 8 .. 9 

Apr. 29 

Mly 19-20 

,June 9-10· 

June 29;,;30 

July 18·19 

Aug. 7-8 

Aug. 23-24 

Sept. 11-12 

O~. 2-3 • 

Oèti 20-2l 

lov. 10 .. 11 

Nov. 3o.:;~1 

Ott. 18-20 

Jan. 8-9/85 . 
J&n. 28-29 

« F'b. 17;18 

Mar .• 9-10 
-

'. Mar. 30-31 

Apr. 11-18 

May 8.9 

May 2a .. 30 

)' , 

\} 

. , 

, . 
r, 

't . 

. .. 

• 
;, 

, , 

1 LaU 1 MortllttY 'Su. rat 1'0 • 1 EIIIrgtnce 
Generatton n 1 D1aPlu,. puplt10n l.rvle pup.e . tI : J by dI~ 13 

25 

26 

27 

28 

29 

271 

25r 

5a6 

515 

43.4 

37.6 , 

43.9 

7.1 

392 - 1&-.3 

1.2 

5.6 

6.5 

4.1 

3.0 

2.6 

3.2 
5.0 

4.7 

2.6 

1.0 

3.6 

2.8 

4.8 

4.1 

1:1.2 .. 
1:1.0 

1:0.9 

1:1.5 

40.8 

13~5 

14.3 

51.4 
1:1.4 61.5 

.... - os 

1 

/ 

• ~O 

. 31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

/J 337 ~g.O 

291 2.7 , 

227, 2.4 

7.5 

7.0 

2.9 

5.0 

2.8 

1.3 

, 4.4 

8.9 

6.2 

1:3.1 10.4 
1:2.1 " 24,.6 

1:1.5 '38.7 /
'~~. 

, , 
, . 

'389 

491 

350 

'350 

402 

283 

405 

310 . 

301 

42 '. 286 
43 ' 280 

",,' 276 

45 301 

46 

47 

~ . 48 

49 

""' 50 

285 

295 

277 

147 

156 

12.1 
, 

18.6 

.13.0 ' 

" 11.5 , 

1.7 

, . 9.$ 

4.6 

3.7 

1.3 

1.7 

2.3 

2.0 

l~.4 4~0 

3.2 

2.1 

2.0· 

3.9 

2.0 

14.1 . , 2.8 

1.4 , 

o 
6.7 

0.4 

5.6 

16.4 

3.6 

4.5 

35.5 
;; 

0.4 

1~9 3.5 

l'.l!r '. 2.1 

o', 0 1.8 

2.8 1.3 

,?6 

"l.'8 

1.2 

60"4 

2.1 0 

1.7 

5.1 

1.4 

5.2, ,5.8 

" 

6.3 

1.1 

8.9 

4.Z 

l~6 

4.5 

5.3 . 

5.6 

1.8 
r, 

4.0 

3.3 

1:2.1 

1:1.2 

1:1.1 

1:2.7 

1:2.6 

bo.~ 

1il.6 

1:1.8 

1:2.3 

1:1.6 

1:1.4 

1:1.7 

1:1.6 

3.9 " 1:1.2 

4.1 1:0.9 

6.1 

2.7 

8.3 

1:1.8 

1:1.5 

1:1.7 

34.2 

49.7 
, " 

51.5 

82.3 

75.7 

61.8' 

44.5 

92.0 

79.9 

63 •. 7 

0.8 

, 73.5 

50.2 

81.8 

31.0 

27.1 

57.3 

" 

, . 

c, 

fi 
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lAItE B3. Dlta froa t~e FlIIZ(ND) Hne of A.' aphidt,za. sel-eéièd .fo'r' nond1ip~use under '-: 
lD 8:16 (21 C) .• - ' • . " 

/ ' 

~ 

~ .. 

" 

D~e. .. 
c~lle~ted Generation n 

. 'S late S Mortality 
%'D1apause pupa~1on larvae pupae 

Sex ratio SoEmergence 
d : ~ 'by 4ay, 13 

" 

{ 
. , Feb. 6/83 ·1 - 270 37.9 0.1 3.3 1.9 1:1.9 §5.6 

Feb.~ 25-26 . 2 276 
- è 64.3 0.7 3'.6 3.6 1:2.7 78.6 

~ Mar.; 15-19 3 269 13.3 , 3.1 

Apl': 5-6 4 141 17.5 0.8 

1.5 1.5 1:4.5 .1: 7.1 7.1 . 1 :3.1 .. . 
~ Apr. 26-27 5, 247 1 r;o '. 5.5 2.0 _ 2,,0 J: 1.8 60.4 

May 1~-18 . 6 214 7.2 4.1 . 2.8 6.5 ,lâ.4 81 4-~ , . 
... 

0' /. .. 
.0.1 

....-- . ,. 
- . 

,. 
: 

., 
.' 

~i' 
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. \ 
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\\ 
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TABLE 84. Oata fra. the QUE(fI)) Une of A. aph1dt!I,Yza. selected for nond1apause udder 
LO 8:16 (21-C) . -

Date 
" collécted 

Oct. 6-8/82 

Oct. 16-22 ' 

,"OYe 4-14 

,,HOY. 27 -Dec. 5 

Dec. 13-24 

. Jan. 1-8/~3 

Jan. 28-29 

Feb. 17-111 

Mar. 7-15 

. . 

'. 

~:-. " 

Generation 

1 

2 

" 
1 late 1 Mortal1ty . 

n S Diapause pupat10n 1aryae 'pupae, 

188 61.0 0.6 3.2 2. "f. 

109 13.9 0 1.8 4.5 

'3 «) 487 27.1 0 0.1 6.9 

4' ~41 13.4 3.7 3.3 9.4 

5 298 3.3· 0.4 5.0 3.0 

6" 94 0 3.2 1.1 1.'1 
'" 

7 299 7.3 1.4 1.7 2.0 

8 108 1.2 0 4.6 . 14.8 

9 215 3.8 0.9 7.'0 ' 7.4 

Q 

Sex ratto 1 E~rgence .. 
d : 9' by day 

1:1.4 

1:35 . 

1:35.2 

):38.5 

'1 :,130.0-

'-1 :9.9 

1:20.6 

1:2.3 

I:J73.0 

13 ' 14 

o 5.9, 

0.01 17.5 

o 3.1 

4.2 --21.2 

~.8 

. 3~8 

19.8 

1.7 

1.7 

393' . . 

35.0 
" -

80.2 

,17.2 

17 .7 
," 

)' . 

:~ ", 
1 

I.!l> 

;, 

--~----- --~~ 

o. 

,. 

II.J ... ... 

.. 

'1 
.1 

~ 
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TABLE 85. Data 'ra. the QUE2(ND) ltne of A. aphtdt!yza. selected fo~nondtlpluse uftder lO 

• 8:16 (21·C). . • - . 

• 1 

1 Date '" l La te l Morta 11 ty" Sex r~tto S E_rgence collected Generation n l Oiapause pupatton larvae pupae cf: V by day 13" 

Jan. 4-5/83 1 244 51.,1 0.4 2.9 " ,2.9 1:2.0 80.9 
Jan. 22-25 2 24.6 ... 253 0 2.0 0: 1:7.0 82.4 

~ " Feb. 10-13 3 214 14.9 0.5 1.4 1.4 1:3.7 19.5 
Mar. 1-4 4 244 4.8 0.4 2.9 2.5 t: 1.2- 64.4 

. Mar .. 19-20 5 235 5.7 • 2.6 1.1 3.0 1:5.2 60.9 
Apr. 7-10 6 187 3.6 < 2.4 3.2 8.1 1:2.6 19.4 
Apr. 30-May 1 1 178 10.1 ' 9.5 4.5 6.7 1:1.3 ,61-.4 
May 19-23 8 312 8.0 4.1 3.3 5:2 1:3~4 54.3' 
June 7-9 9 360 5.6 3.1, 4.2 6.4 1:~.6 44.9 
June 25-28· 10 196 5.0 2.2 7.6 4.1 1-:2.1 1 

36.3 " 

. , 
o ' 

'-

~"'["JI/'~~~."·2t~.~ 

l'~ ... 

, ~ 

ev 
lI:k 
VI' 

" " 

" 
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; TAlL,.E 86. Datl fro. the ARaZ control Hne of .!. Iph1d1!yu; sillples .... red uncter . , 'LD 8:16 (ll·C)., 

Date S Litt 1 Mortal1ty Sex rlti0 S EIIt!"g.nc. 
colltc:ttd Generation1 n 1 0iapluse pupltion larnt PU~lt . ft: t by dlY 13 

, ' 

'\' .. 
Sept. 2-7/83 2-25 67.5 17 .8 9.8 2.7 1:0.8 J.4 

~~R 
Nov. 8-9 333 61.9 1.5 5.1 6.0 1:0.1 a <il 

Oec. 21-23. 186- 75.7 a 3.8 3.2 ' 1:0.2 12.5 
" J.n. 11-12/84 190 84.1 0 2.6 1.6 1:1.6 0 

J.n. 22-23 340 8Z.1 1.2 4.1 2.4 1:2.3 0 

Ftb. 27 .. 28 62 83.3 . 0 0 3.2 1:0.1 10.0 

Apr. J-4 343 74.6 0.3 2.0 1.5 1:4.9 2.4 . 

Apr. 27-28 U2 19.7 2.6 4.6 6.8 .1 :90.0 20.9' 
n , 

Mly 10-12 ,. , , 140 63.5 1.5 1.4 0.7 1:2.2 6.4 

Aug. 19-20 1 498 41.4 1.3 3.2 3.6 1:2.4 70.7 
..-

Sept. 26-27 3 267 35.4 6.7 1.1 3.7 1:1:9 81.6 

Oct. 15-16 4 315 45.5 7.7 3.8 1.9 1 :2.8 37.4 

Nov. 5-6 5 J60 48.3 2.3 1.9 1.9 1 :2.1 32.7 

Nov. 24-25 6 261 49.0 5.1 1.2 1.2 1:1.3 47.0 

Dtc. 16 7 233 42.5 5.4 3.0 2.2 1:1.1 72.1 

Jin. 7-8/85 8 197 16.8 5.8 2.0 1.0 1:3.0 40.1 

Jan. 25-26 9 178 3.·1 3.1 2.8 6.7 1:1.4 14.6 

Feb. 22 'l0 92 42.0 1.1 3.3 1.1 1 :1.1 72.0 

Mar. 7 11 70 20.3 1.6 2.9 5.7 1:0.3 20.0 

Mir. 26-27 12 ,~ 307 28.9 /4 2.3 4.1 1:0.7 58.5 

Apr. 15-17 13 248 24.3 6.2 1.6 l.3 1:2.0 35.1 

May '6-7 14 IJO J6.1 1.6 . 1.5 4.6 1:1.0 14.5"-. 
1 Sample cofnc1des with generat10n o( ARBZ(HO) line. 
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TABLE 87. Data f,.. th. "2(ND) 'l1M of A. Ip!!1d1!y'I.' selJted for ~Oftd1.Plul' unde,. 
LD 8:16 (U·C). _ _ . ,~. '__ i : \ 

DIU 
collectee! 

Aug. 19-20/84 

Sept. 6 

Sept. 25-26 

Oct.: 15"16
0 

Nov. 5.6 

Noy. 24-25 

Dec. 15-16 

Jan., 5-6/8$ 

J.n. 25-26 

Ftb. 12 

Mer. 6-7 

Ma!". 26,,:,28 

Apr. 19-17 

May 5-6 

.. . 'Lite" S Mortll1ty Six rlt10 S EMergence 
6enerlt1on n ,'D,iaplus, \ 'puplt~on . ' .. rvi. pupa. <1: 1 by dly 13 

1 

·2 .' 

3 , 
4, 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

ij 

498, "41.4 

338 69.S· 

268 

275 

353 

, 156 

293 

277 

126 

194 

336. 

268 

217 

189 

,\ 

15.6 

37.6 

29.3, 

28.~ 

10.9 

10.8 

5.7 

1.1 

36.7' , 

10.3 

'22.6 

4.0 

1.3 

3.8 

6.7 

13.4 ' 

3.6 

5.3 
1 

3.5 

6:4 

3.8 

0.6 

5.9 

8.3 

6.5 

2.9 

3.2 

3.6 , 

2.2 

J.4' 

o 
1.4 

3.6 

6.4 

1.6 

1.5 

2.6 

3.7 

2.6 

3.6 

2.4 

7.1 

3.6 

2.8 

3.9 

1.7 

6.1 

9.5 

. 4.1 

1..7 . 

3.4 

4.6 

4.8 

1:2.4 

1:4.3 

1:0.9 

1 :0.8 

1:1.0 

1:1.0 

1:2.8 

1:1.0 

1:2.7 

1:1.6 

70.7 

2.4 

34.4 

23.4 

27.8 

24.0 

79.8 

35.1 

28.1 

83.9 

1:1.5" . 46.5 

1:1.6 51.0 

1:2.0 

1:1.0 

, '-­
. , 

53.? 

55.2 

-

, . 
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, TABLE ~. Olta froa gtnerlt10ns undtr rel.ied selection of the FIH(ND) l1nt of 
!. aphtd1erza. reartd under LD 8:16 (21·C). 

~ 
~ 

Opte ~ Lite ~ Mortll1ty Sex ratio ~ Emergence 
col1eetlà Gentration n .1 D1apauSt pupat10n larvae pupae ri: i by day' 13 

REL 1: , , 
June 28·29/83 1 55' 6.2 2.1 0 12.7 1:3.3 

JuJy' U-14 2 303 14.8 12.7 5.9 13~'5 1 :2.4 

Aug. 7-9 , 41 259 2.3 0.5 4.2 11.6 1:2.9 

Aug. 21 5 89 2.6 3.8 2.2 10.1 1 :0.9 

Aug. 29·30 71 255 23.5 3.0 1.6 6.7 1:4.3 

Sept. 29-30 8 352 44.5 6.9 4.5 5.4 1:1.7" 

Oct. 12-13 9 335 12.7 2.0 3.9 6.9 1:2.6 ,r" - 1 

1 

Oct. '25-26 10 486 11.0 2.8 4.1 8.0 1:1.1 

REL 2: 
\, ,Nov. 29-Dee 1/83 l , 302 8.3 1.8 ' 3.6 4.3 1:2.1 64.4 .,. 

O.e.. 10-12 2- 327 10.2 4.2 5.5 8.0 1: 1.5 . 20.2 

Dee. 27 3 427 38.9 2.5 2.1 4.0 1:2.4 9.4 

Jin. 15/54 4 400 12.9 2.0 5.0 8.0 1 :0.9 29.0 

~Feb. 2 .. 3 5 327 44.1 1.7 5.2 3.4 1: 1.0 21.0 

Fe~. 24 6 69 24.5 11.5 7.2 4.4 1:1.3 35.9 
1 

( 2.5 Har. 13·14 7 "256 13.0 2.3 -4.7 1:1.2 34.8 

Apr. 6-7 8 216 33.0 0.5 4.6 4.2 1:1.3 48.8 

Apr. 25·26 9 379 54.6 O.B 2.1 1.3 1:1.4 13.5 

May 13-14 10 364 40.8 1.7 1.6 0.8 1:1.5 67.6 

May 25-26 11 229 15.4 3.6 5.7 9.2 1:2.2 47.5 

June 17-19 12 230 34.7 2.3 0.4 4.4 l': 2.8 54.4 

1 No data for generat10ns 3 an~ '6 beeause of lnsufftcient aphlds. 
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APPB.HDIX C. 
" 

Data. from release rates experiments using A. aphidim1lza. , 

to control M. persioae in the greenhouse c1uring wihter. 
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TABLE Cl. Results of relelstng 1 predator 3 aph1ds. 

Repl1cate 1 Replfcate 2 
aphids eggs larv.àe aph1ds - eg.gs 

.Day X ... SE X + SE X + SE , X ft, SE .x t SE 

3 11.8 + 3.4 3.1 + 2.0 0 15.7 + .5;5 7.7 t 3.8 

8 44.0 + 17.9 4.7 + 4.1 0.7 + 0.5 22.7 + 7.3 0.3 + 0.2 

-z> 13 48.2 + 15.6 0.2 + 0.2 5.5 .!. 2.9 19.5 !:. 9~rc '0.3 + 0.3 

18 ,47.7.:!:. 20.1 22.5 + 8.8 1.2 .:!:. 0.6 13.5 ..:!:. 6:2 16.3 + 7.2 

23 8.8 + 4.8 6.7 + 1.1 18.8 + 5.7 16.2 .!. 6.8 5.3 + 3.4 

28 0 4.0 + 1.4 6.8 .!. 2.1 4.3 + 1 .. 3 l.ct + l.2 

33" 0.8 + 0.8 7.2 + 3.8 0.7 ... 0.3 7.8 !:. 5.0 J 0 

38 0.3 .! 0.2 41.2 + 19.4 15.7 + 1.7 10.7 ..:!:. 5.8 5.3 + 3.8 

43 0.2 !:. 0.2 5.7 + 4.7 2.5.!.,1.0 34.5 .!. 19.'9 0 

" 48 0 15.~ 5.3 0.7 .!. 0.3 35.0 ..:!:. 23.4 0 

53 0.5 + 0.5 0.2 + 0.2 2.0.:!:. 0.9 12.2 .!. 8.0 2.7 .!.. 1.8 

58 0.3'..:!:. 0.3 0.2 + 0.2 O.Z...:!:.. 0.2 76.3 + 38.2 38.8 + 28.2 

63 2.7 + 2.1 0.5 + 0.3 0.2 + a.2 21.3 + 6.9 4.8 ... 1.5 - - -
~ . J 

/ ./" 

" 
.-/ 

\ 
\ 

\ 

larvae 

X .!. SE 

0 

3.3 .!. 2.1 

1.8 !:. Q.9 

1.0 + 0.6 

2.8 .:!:. 1~.2 

3.2 + 1.2 

2.0 ... 1.6 

0.7 .:!:. 0.3 

l.O . .!. 1.3 

3.7 .!. 1.8 

2.0.:!:.. 1.1 

8.3.:!:. 7.1 

17.0.!. 6.0 

ij 

" . 

.,/: 
,­

/ < 

a.ph1ds _ 

X + SE .... 
. 

11.8·+ 4.6 

27.8 + 12.2 
" 

1.3 t 0.9' . 

0 

0 

2 .. 2 .!. 2.0 

7.0 .!. . 1 .. 2 

6.7 + 3.8 
0 

18.0 .:!:. 7.7 

25.8 + 8.5 

71.0.:!:. 25.1 

173.0 + 39.4 

84.8 + 10.2 -

.. -

.. 
1 

""-

t! 

Repl1cate 3 
eg9s larvae 

X + SE ·x + SE 

(j 

15.8 + 5.5 0 

12.0 + 5.6 8.5 ~t 3.7 

0.1 ... 0.6 4.8 !:. 1.3 

6.7 + 2.7 1.7 .!. 0.5 

2.3 + 1.6 0.7 + 0.5 

0 " 0.5 .!. 0.5 

0 0 

0 0 
o ",,' 0 

' , 
0 1.0 + 0.5 

1.5 + 1.1, 0.2 .!:. 0.2 

7~B ... 4.9 3.7.!. 2.7 

1.7 .:!:.. 0.8 - 5.7 ~ 2.1 

N 
lJl 
0 
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TABLE C2. Results of releasing 1 predator 10 aph1ds 

Repl1cate 1 ). Repl1cate 2 Replicate 3 
aph1ds eggs larvae aph1ds eggs 1 arvae apt11ds eggs larvae 

Day x .!. SE x + SE x + SE x .!. SE x + SE x .!. SE x + SE x + SE x +'SE --
3 19.6 + 7.6 2.0 + 1.7 0 15.0 + 5~1 4.2 + 2.9 0 14.2 + 5.6 7.2 + 3.8 0 

, 

.. 8, 34.3 + 14.0 0;2 + 0.2 0 34.8 + 12.4 5.5 + 3.0 2.5 !. 1.6 36 .. 3 !. 13.6 9.3 + 3.1 5.3 .!. 2.5 

13 30.3 + 7.3 1.8 + 1.2 7.0 + 1.2 34.7 .!. 18.4 5.7 + 4.7 6.0!. 1.8 6.0 + 2.2 0.2 + 0.2 12.8 .!. 8.8 

18 31.2 + 13.3 15.8 + 6.2 1.5 + 0.8 8.5 + 3.6 2.2 + 1.5 1.0 !. {).6 0.2'!. 0.2 0.2 + 0.2 0.1 .!. 0.3 

23 65.8 + 22.0 ~ 4.7 + 1.9 10.2 + 5.1 6.5 .!. 3.5 2.7.!. 1.4 2.3 !. 1.9 0.3 !. 0.3 0.7 + 0.4 0.8 !. 0.3 

28 14.8 + 9.0 1.2 + 1.0 7.5 + 1.4 0.7 + 0.4 0.3 + _0.3 2.0 !. 1.2 1.3 i- 1.1 0.3 + 0.3 0 
_"'t" 

33 2.7 + 1.4 0.7 + 0.7 2.0 + 0.3 ,4.5 + 4.3 0 0.3 !. 0.2 16.2 ! 9.7 0 0.3 !: 0.3 

38 6.7 + 3.7 16.5 + 8.2 1./ + 0.5 4.0 + 1.S 1.5 + 0.7 0.2 .!. 0.2 21.8 + 11.8 1.2 + 1.0 0 

43 16.8 + 8.2 1.7 + 0.5 9.8 + 4.1 12.0 + 6.0 2.5 + 1.3 13.7 + 9.4 94.2 !. 28.5 8.5 !. 3~9 0.3 !. 0~3 
1 

48 0.3 + 0.3 1.0 + 0.8 9.0 t 5.6 0.3 + 0.2 3.0 + 1.8 2.2 + 1.1 135.3 ! 30.2 3.2-+ 1.2 4.5 + 3.0 . , - - - - -
53 0 32.2 + 14.1 4.5 !. 2.1\ 1.3 + 0.7 5.5 + 1.6 1.5 + 0.4 78.3 + 28.4 5.8 + 3.1 2.5!. 1.1 

58 0 34.8 + 20.4 20.8 + 8.2 0.5 !. 0.3 10.0 .!. 3.7 3:3 !. 1.0 61.5 !. 13.8 2.5 !. 1.3 6.0 !. 2.6 

63 0 0.3 + 0.3 2.8 + 0.9 0.5 ! 0.4 0.3 + 0.2 0.7 + 0.5 . - 82.5 + 22.1 1.0 + 1.0- 2.7 '! 0.8 
l' IV 

~ - VI ..... 
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TABLE C3. Results of releasJng 1 predator 50 aphtds . 

Repl1cate 1 
aph1ds eggs larne aph1ds 

. -" 
'1 

J 

Repltcate 2 
eggs 

1 

- ':..=, 

larvae 

" 

... : 

-.., 

aph1ds 

, 

Repl1cate 3 
eg9s larvae 

\- Day x + SE • x + SE x !. SE 'i • SE x • SE . X !. SE c' X !. SE X • SE .. !. SE 

3 9.0 + 2.4 0 0 6.-5 + 1.6 1.2 + ,0.8 ,0 28.5. + 8.0 2.3 + 1.6 ~'o - - - .. - -
.8 28.8 .:t. 13.3 0 0 31.0 .:t. 13.0 1.8 + l.l 0.3'.!:. 0.3 52.1 .!:. 12.1 ,,0.7 !. 6.5 0.2 + 0.2 

13 86.3 + 18.7 ~ 0 54.3!:. 11.6 0.2 + 0.2 0.3 .!:. 0.2 81.~ .:t. 21'.4 0 '1.2 !. 0..6 

18 91;0 ,+ 29.8 1.3 + 0..7 0.2 .±. 0..2 53.5 + 19.6 1 • .5 !. 1.0 0.2 !. 0.2 64.5 .:t. 20.4 1.2 + 0.7, 0.8 + 0.5 - ' -
23, 181.2'+ 64.9 3.4 "i- 1.3 1!,2 !:. 1.0 19.5 !:. 14.2 0 .' ,1.5 1. 0.8 121.0:!:. 18.7 3.2 + 2.2 i.o'! 0.5 

28 120.1 + 28.6 3.5 + ,2.3 3.3 + 1.1 19.8 + 23.1 0 1.3 .! 0..6 199.0 !. 3.5 1 .. 3 !. ~ 0.3- 2.5 + 0.4 
"' 

33 108.3.+ 18.9 0 , 1.7 ! 1.1 133.8 ! 42.9 3.1 "+ 2.4 0.1 !:.'O.7. 171.0!:. 18.8 -15.8.:t. 4.4 3.2 +; 1.6 

38 152~3 !. 62.0. 8.3 + 3.0 1.2 .! 0.1 1,51.3 !:. 22.9 12.5 + 2.9 1.8..! 0.4 233.2 !. 33.5 63.6 !:. 11.1 11.5 .!.' 4.4 . 
43 134.7 + 23.5 0.5 + 0.'3 5.0 !:. 1.8 123.7 !:. 23.4 5.8 + 2.1 25.1 !. ~~.5 !. 18.9 6.3 + 2.9 44.7 +-22.9 

! , 
2'.0 48 28.0 + 11.7 5.2 + 2.6 5.2 !. 1.7 1.8 + 2.6 1.3 +, 1.1 10.5 ... 3 .. 1 0.3 .! 0.2 1.8 + 0.8 12.5 + 1 _ .- --

64.3 +'28.8 
- ~ 

53 12.7 + 11.1 6.3 + 3.1 0 3.2 + 1.6 5.8 !. 1~6 0.2 + 0.2 18.8 + 9.8 8.3 ! 2.7 
. 

58 0 33.3 + 10.7 32.3 !. 12.8 0 3.0 + 2.2 6.0' !. 3.1 0.2 + b.2 0 35.0 + 0.8 - , 
63 0.3 + 0.3 5.~ .:t. 2.9 5.2 ! 1.8 0 0.2 + 0.2 'l.7 !. 0.7 2.8!. '2.4' 2.0. + 1.1 1.5 !:. ' 0.3 , 

t..) 
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TABLE C4.. Results': of .-.leastng 1 predator 100 aphtds , 

- . .~ 

'!!t 
Repl1cate 1 Repl1cate 2 

,. ,. 
Repl1cate 3 , 

aph1ds eggs larvae aph1ds eggs larvae aphids eg9s larvae' 

Day x + SE x·.!. SE x + SE x + SE' x + SE x .!. SF; x'.!. SE x + SE x + SE -

" 3 ~.8 .±. 2.2 0 0 14.7 :.- 1.6 0.2 .:!: 0.2 0 11.5.:!: 3.7 0 0 
. . \ " 

8 18.0 .!. 8.3 0 0 38.3 + 15.2 1.2.! 1~2 Q,3 .! 0.2 48.2) 17.4 4.0 + 1.6' ,. 0 

13 82.7 + 16.3 0 0 75.3 . .!. 13.2 0.5 + 0.5 0.2 + 0.2 76~5 .!. 7.8 1.5 '+ 0.9 1.0 + 0.4 -. --~ - - -
18 168.3 .! 41.0 3.3 .:!: 1.0 0 69.2 + 15.0 3.3 + 1.2 2;5' .:!: 1.6 -

) 

77.2 .!. 27.5 0.2 .!. 0.2 2.7 + -1.5 

1:3 .:!: 
.0. 

'23 183.0 + 30.9 1.5 .:!: 0.5 0.9 60.0 .!. 30.5 - 0.5 .:!: 0.5 0.2 .:!: 0.2 65.8 .:!: 14.2 0 0 
en 

28 186.2 .!. 41'.0 1.2 .! 0.6 1.2 .! 0.3 129.8 + 36.4 0 4.5 .!. 1.9 103.0 !: 33.4 " 0.8 + 0.4 1.0 .!. 0.6 ..- . , 
33 208.1. .:!: 16.4 -3.8 '.!. 2.5 1.0 .:!: 0.8 127.8 .. 28.4 0.7 .!. 0.3 .1.~.:!: 0.7 119.3 + 25.7 2.1 + 1.3 1.2 .:!: 0:6 

t.. 38 221.8 .!._ 34.3 9.0 .!. 0 2.9 '3.0 + 1.7 147.7 .:!: 30.4 20.7 + 11.0 0.7 + 0.5 260.7 .:!: 37.8' 5.7 + 2.5 1.8 + 0.8' 

43 78-.3 + 30.6 0.2 + 
,. 

0.2 13.7 + 5 .. 0 139.7 .:!! 19.8 3.2 .!. 1.2 12'.3 .!. 5.9 210.7 !. 51.1 1.5 + 0.7 3.5 + 1 .. 5 

48 31.3 .:!: 25.1 6~-S .:!: 2.9 4.3 + 1.6 28.3 . .!. 15.0 7.2 + 4.4 5.7 .:!: 1.8 ,. 32.6 t. 13.3 17.3 + 4,.0 6.2 .:!: 2.0 
,. , 

53 25.7 .!. 19.7 83.5 .!. 29.1 29.3 .!. 11.5 11.7 + 8.6 18.2 + 6.2 6.0 + 1.5 j 56.8 + 23.2 20.8 + 5.0 12.0 + 3.1 
., -( -

58 0 18.2 + 3.1 17.5 + 4.8 2.0 + 1.0 9.0 .+ 3.1 7.7.±. 2.6 37.0 + 22.8 15.7 + 6.4 16.3 + 4.3 . 
63 0 1l.3,:! 6.0 3.3 + 1.8 0 0.5!. 0.3 ~7 !. 0.7 0.7 !. 0.6 4.3 + 1.1 5.7 + 0.5 .. ~ 
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TABl.E C5. 
, 

Fruit yield. n~et ~f l_aves ~nd he19ht of plants at conclu~1on of first 
retease rates ex'peri_nt. • . 

, .. 
" \ 

Weight of 
. ~ .. He1ght (CJII) 1 fruit/cage Leaves "\ .. 

Replicate , midge aph1ds fr1l1tJcagel (9) .- " \ 

, <X .:!:. S D) <X.:!:.SD)' -'j , ' 

, ' 

,.. .: .. 
. '1 .. '.t.. ....... 

1 1 : 3 4 
. , ' 28 14.1 + 0.9 32.2 .:!: 1.5 

'10 
. 1 

" 1 2 36.3 15.0 + 0.8 '29.6 + 1.3 . ~ ~ 
. , 

-, 
1 : 50 0 '0 10.4 + 0~6 24.2 + 'O.S 

,,4; • 1 

'. -
1 : 100 O' O· 9.2 + 0.5 25.0 + (l.9 

2 1 3 6 pl.5 14.8 + 0.9 27.2 + 1.2 

1 : '10- 9 11,.2.2 16.7 +·0.9 30.3 + 1.5 
.ii, 

1 : 50. 0 O. 13.S + 0.7- o 27.1 + 0.9 ,. 
----- .. 

'1' : 100 _' 0 0 13.4 + 0.7 24.9 + 0.7~ 
j. r: 

3 . 1 : 3 9' 132.30 15.S + O.S 29.0 i: 1.2 . 
-

1 :. 10 .2 29.1 16.1 + 0.9 ".-2S.2 +.1.2' .. , 
1 50 1 .27.9 14.S + 0.8 28.2 + (},.S .. 
1 : 100 1 

~ 
lS.2 10.8 + O~7 2~.i + ~O 

o ~ 
, ' " 

0 - , '\ -, 
1 Twen~y peppe'r plants· per cage. .' 
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JABLE C6. Results of second ~elease rates e~per1ment (1 predator :.10 aph1~s). 

'il ' 

~ . -

Replicate 1 Repl1èate 2 Repltcate 3 
aphids ~ eggs" lafvae' aphids eggs larvae aph1d5 ·e995 larva.e 

Day _ x .!. SE x .!. SE x '+ SE x + S~ X + SE x + 'SE x .!. SE x .!. SE x·.i SE 

.; 

1 15.8 + 7.3 1.0 + 0.8. 0 9.5 + 2.9 0.2 + 0.2 0 15.5 + 8.6 1.8 + 1.2 0 - - - - " ~ 

5. 99.7 ~ 20.8 1.2 + 0.9 4.8 + 2.3 81.7 ~ 40.4 6.2 ~ 2.9 4.&~ 4~3 85.2 + 24.7 1.2 ~ 0.8 6.5 ~ 5.2 

10 115.7 + 29.5 1.5 + 2.9 2.0 + 1.3 74.2 + 28.0 . 4.2 + 2.0 2.2 + 1.0 178.2 + 45.5 14.8 + 6.2 2.5 + 1.5· 
.- - - - -,- - tJ ~ - .-- ilfr 

~ . 
15 124.2 + 24.8 6.2 + 2.3 2.0 + 0.9 107.7 + 26.9 8.5 + 2.9 1.3 + 1.1 102.8 + 20.4 6.3 + 2.2 1.5 + 0.6 

• ~ ~57.2: 39.4 6.7 + 2.8 6.7 + 3.2 167.5: 30.9 8.7 + 3.3. 12.0 : 4.1 194.8: 25.3 6.5 : lw8 Il.7: 4:2 

21 0 101.1 : 29.2 4.3:, 1.4 3.8: 1.3 163.8: 44.0 4.2: 2.0 13.8: 5.5 146.5: 36.1 1.\8 : t 26.8: 8.5 
~- - - - - - - - -
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