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The effects oi? sl_r_rvival, developrnentl and feeding
behaviour of l',íelano.Blug bÍvittatu_s* (Say) of tr,,ienty plant
chemicals of possible significance in the d_etermination
of insect-host plant associations ,,rere investigated.

Effects on survi-var- and development l,iere stud.íed_ in
a series of gror'rth experi.ments" Ilatchlings \.iere fed. a
ciremically defined synthetic diet to r¡¡hich test chemiea.ls
rrere acld_ecl.

Approximately hal-f the test ehemicals hacl no effect
on survivaL and, ir'ith fer,¡ exceptions, none affeeted_ adult
i^¡ei ght or rate of weight gain"

Tigogenirl 1'¡a's the only ehenlcal r^¡hich produeed an Llnqualified
increase in survival-e although it d.id- not affect feeding
behaviour,



ItTornicotine d-ipicra.ter cl-igitonin, solanine, tolaatine,
and- saponjn were lethal-. Hol¡ever the la_st three chemicars
d.ic not inhibit feeding in preference experinents and_ l'ere
acceptable to the insect"

Approximately half the chemica] s r¡¡hich inhibited
feed.ing beiraviour had. only minor effects on su_rvival and

d-evelopment. Hence the insect rejected some chemica.l-s

i,rrhi-ch were innocuous"

These data indicate that feeding behaviou-r of
U" h.i-y!!-!ê!w. is only partially correl-ated rryith its
teleological- needs"
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ïhe sometimes s.llecific soaetines veu)¡ broad range of
plants fed upon by insects has been a subject of coloaent

asongst men since v€r'¡r early iines, Ðu_ring the last one aÍr.d-

a hal-f centuries eniomol ogists have i,¡orkecL in the fielct of
insect-host plant relationships, however it is onry i_n recent
yea-r:s that a-ny ina"rked" prog::ess has occu.red" rt is nor¿

recognì-sed- that insects ïespond characte::istically tc a

r,¡ide range of pla.nt chemicals and- althou-gh various theories
of host selectlon have been forilrconing all exponents agree

that plant chemicals influence host selection by phJrtopha_gous

insects 
"

The- problein" The purpose of -r,his stud-y r,ra-s to atternpt
tc elucidate the eff ect of a" number of rseconc.a.ry pla,nt

cheäli ea"l-s t ( Fra-enkel 1959 ) on tire f eecling behaviour , d evet o;onent ,

ancl su-rviva.l of the two-stripecl grasshopper: l4Cl,C¡OplUS

þit¡i!Ja!-i¿q (Sa;t)" Seconcia-ry pla-nt chemica.l-s ha.ve been

a.scribed. roles varylng fron that of attracta,nt to that of
repellent, some r+orkers emphasising one roreT some another.
rt rvas consíc-ered, tha.t further investigations usi-ng a range

of chenical s re]ated to tne plants occuring r,vithin the
geographic range of r,,¡hat ha.s been generally considered a

r¡olyphagous insect r+ou-ld help i n elu-ci-d-ating the role of
such che'licals "



Inpqqtancç qf, lhe s!u-4y" Jåt the present time a. ra.lnge

oí highly eff ective insecticides is a-va-ir a.ble for the

efficlent control of i-rany insect pests. I{or¡¡ever an ever

i-ncreasing nu-niber of insects are d.eveloiring resisiance to
r¡ore and rnore insectici-iles. é,lso the use of inseciicides in
varj-ous situa.tlons or at certain sta-ges of grolith of e cïop

is und-esirable for such reasoils as human health"

I{ence it is increasingly important that al-l other
possible avenues of insect controy'shoulci be thorougirly

exple¡s¿' iilot the leas'L of ihese avenues is the d.evelopment

of insect resistant varleties of crop plants. I'juch success

has been achieved, in this field- bu-t to cìate the methocls

emirloyed have lacked- any general r'¡ell au-thentica.ted- basis"

By enlarging our lcnolvled-ge in ihe fiel o of insect-host plant
relationships the breeding of insect resistant plants can be

d,eveloped. beyond, the present stage.

i-tlso in tire sphere of l¡eec1 control many serious pests

are not susceptible io herbÍcides or occllr over such large

a-reas or on land of such 1or,¡ value that biological contro'l

is the only economic neau.s of control-. The sel-ection of
insects to use againsi r¡eeds also lacks any well a.uihenticated

basj-s. Greater knor',"Iecige in the insect-iros'b irlant field_

should. ena.ble research r^lorlcers to beti:er assess the poteniial

va.l-ue of insects bein.r considered. as blologica-l- control agents,

I'õ is hoped" that the data presentect in this thesis

i,¡ilI constitute a. snal-l acivance in tne fieLcl- of insect-host

olant reJ-a-tionshins .



CiiiipTil.i If

IÌEVIC,,t 0F TjiE LIiL'.:,p"Ê,'JUlilil

The literature d-ealing l¡ith the influence of plant
constitu-ents on insects is qulte vohLminous" lìevjer,¡s on

chemorecei:'bion have l:een presented. by Ljethier and chadi+ick

119h8) e Dethier (1953, 1956) , a.ncr Hodgson (1g5Bt 1g64) "
À review of literatu-re pertaining to host sel-ection in
phytophagou-s insects r'¡as presentec" by Thorsteinson (1p6oa)"

The rol-e of secondary plant substa.nces in host selection
ha.s been stressecl by Fraenicel (1959), ancl ,{raenkel et gl
(1960) " .[]ere l-iteratu-L:e d-ealing r¡ith the influence of pla_nt

constituents on insects other than gra-sshoppers r.¡ilt be

reviel^,¡eci briefly and the literature clealing r,iith the feed-ing

behaviour of grasshopners in more detail"

Tiiu fiqFtUlIi\CE CF PLi\l,iT COIVSTITUji¡IT,S ON

IIVSöCTS 0T ii.r¡F. TII;lt{ GF*A.SSIìOPPE]ì:S

stud-ies on the infl-u,ence of plant constituenis on host
selection r.¡ere pioneered by verschaffelt (1910), r,¡ho found a

musta.rd oil- glucosid.e to be an important fa"ctor in host

selection by insects feeding on cruciferou-s p]ants. Later
Thorsteinson (1953) founcl that tire dlamond.-bacLi rnothe

Pl-u-tella ¡raculiperinis- (Curt"), an insect specific to tne

crucif erae, r,¡ill f eed, on plants containlng very 1or+

concentrations of mu-starc oil glucosid_es provid.ed_ nutrients
are preseni,

I"
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iriine glr-r.cosides isoleted f::orn ti ssu_es of cru-ciferou_s ;olants
elicit feecìing uhich increases r.¡ith increasii:g conceniration
of an aii-aed nutrient, glucose (lrja)'ar a.nd Tirorsteinson 1963) "

I-ire inflr,l-^¡se of rrla-nt ccnstituenis on va_rious other
1e;oidopter:orls insects has been i-nvestiga-ûeci. uethier (l9Lrj t

195\) stu-cl-ieci the larvae oí p_ap_ilio species and- conclud_eä

tha"L essentia-l oils or their constituents rrere iinpoi:iant in
the choice of host -o'tants by these but-berflies, Fieactions

of tire European corn borer, Q.p.:r.igig = pru-euslg nubil-alis
(IÏubn" ) ha-ve been investiga-ted. by Beck (1g56, 195Tat 1g|zb?

1957c? 1960) ? i¡eck, I(aske, and Smissman (1957) ? lleck a_ncl

Flanec (1958) t a.nci Bec.tr and. si:rissma-n (lg6c) 1961). Dletary
sugars \,iere founoL to have e tlronouncect, irositive ef-iect oi.L

feeding behavi-our; a- resistance factor, 6-methoxybenzoxazolinone,

was isolated froril corn plant iissu-e; anci a nu-mber of amino

acids \dere found- to increase the duration of larval feed,ing.

Yanra:iroto and Fraenkel_ (19592 196Oa, 1g6ob, 196oc)
isola-ted a"n e1:l,ractant and- a- gu-statory stiniu-tant for the
tobacco hornwor¡a, k_plcp_arcg sexïa (Johan") f::om irosi plantse

and iía.l-dbauer a-no- irraenket (1961) anc,- wald_bauer (1g62)

investigateo f eed"ing by maxil-l ecto:nised_ larva,e on nornally
rejected plants. j'layar and lira.enkel (lç/oZ) d.efined tne

cheinicar basis of host plant setection in tne silliworm,

fun:Lv.X rlQËl (e) r anci. in the cata.lpa s,ohinx, C€q-atoniê

cala.l.pae (lioisd.uval-) (l,layar anc F::aenicel j 1g6?À)" .fjama:nu_ra

(1959) a"ncL ifa-manura et al (1961 , 1g62) '.vorking with -r,ire
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sil kivorinr B-. gaxl., have ceecL:ibed- ai¡ra cta.nts ( ci,crar :

teL:,clnyJ- ace'r,ate, linalyt- acc--ia-ie, rinarr or, anc p-v-he.:ranol),

bi bing f actors (p- srtoste::ot and i sociuer:cltrin o:: nor..in) :

ancj" a"S ¿t- si,'all ov¡j ng f a-cì;or celiulose i¡lu_s SucroSe, inositol :

inoL:ganic phos;ohate, ancl sil lsp as co-fa_ctor"s. l+-1so r,,lorking

with 8"" rìeli. Ito et al_- (1964) have d.esci:_Lbed the ef.j.ects of
sterol s on feeCLing and nu_trition.

i'iensl er (1962) conclu_d_eiÌ. tnat sinigrin is a specific
sti¡nulus íor hos'L selection by the aphid, Þrev.iç.qlrc.e þSCSS:SCe
(t)e anil- is receiveC. vla- tne stylets a"fter they have penetrated.

ihe leaf su-rface. Brusse (lg6z) co::r'elaied_ hi_gtr a.t hal oic.

con'bent i-n a segregaiing r¡o;cur ation of þ4i¡us aqgg5g+fo-1¿UÉ.

L, with resistance to the aphid" jþç¡:oslphu{g euphqrbjae (TÌros,)

l¡iithin tne üoleopte:"ê. responses of a number of speci es

to cons.Liti-r-enis of their food. plants nave been investigateo_,
chau-vin (lç45 ) ceäronsi::a,bed that an e>:ti:act of pota.to l-eaves

stiinulaiecì feu-oing in .bÌre ,ootato beetle, !_e:l!inqta.tsa
gSCCgf]4çClg Say" lin atbractant fo¡' tire seme species t¡as

isot atec b¡' ya:nanoto anci ï¡r'aenkel (lg5g) " E;rers g!. aL (1961)

fou-nc. tha'b extracts of bean seeds elieited feeding res1lonses

in -bhe i"iexican bean beetle, Epil.açhrla varivestri-s i,iuls,

Tire chenical ba.sis of host set ection in ihis slrecies lias

fu-rther investlgateC by llayar a"nC- Fraenitel (1?63d" Leaf

al-cchol ancì sone alii:Ì:atic al-cohols rr¡ere found. io be att::acta-nts

for the a-clult and. 1a¡va of the vegeia.b're r+eevilr r,_isïgqd.e{€p
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ç-o_SLa. {-as_!g¿Ë. ob_liquus li]_Lr_g, (ì,iatsu_irioto and. ,Su-giya_me 1 196C) "

îiorking l¡ith the sp,rle species il'iatsu-r4oto (1g62) found cou-marin

to be both an olfaciory attracte-nt and- a feeaing inhibitor,
tn a series of papers (Jenrcins et e"r 1963"¡ i(e-rl_er et a-r 19635

and- l'{axwell et aL 1963a¡ 1g63b) variou.s entracts of cotion
pla-nts have been renorted as arrestants, attractanise feecling

stlmu,lants, and repellents fori;he bol-l- r'¡eevil, .ùqLhomonu--s

Frandis Boh. Neff and, Vanderzant (1963) have reported- method,s

of evaluating the che¡rotro;oiric response of this species to
extra.cts of the cotion plant and various other su-bstances.

Loschiavo g!. aI (1963) clemonstrated that benzene extracts of
elin barlc i¡Jêr€ arrestants ancl feeding stiLnula:rts. for the

smaller European e1m bark beeile, sçolytus uultistriatus
luiarsh" Loschiavo (196+) reviel,¡ed- the literatu-re d.ealing

i,¡ith tlre effect of foocl- constituents on gra-ín beetles and.

reporied- the responses of' the confused flour beetle,
Triboliun confusum lluval, to various substances isot.ated-

from grai-n and- yea-st.

The r+icle ra.nge 1n the influence of plant constituents
on phytophagous insects is further emphasised_ by the

investigatÍons of Fer:nah (1960) on the r.¡ater status of
plants in relation to attack by sucking insects; I(ushner anc-l

iiarvey (1962) on the possibte role of antiba-cterial substa-nces

in l-eaves in insect resista.nce to d-j-sease; ievinson (196Z) on

the role of ci.ietary sterols; and- Edelman and ;ifros (1962)

on ihe effect of irla-nt-grorvth stiilu"lators"



II T.{E trr-Diiic BE}I-ÀVIOUP, OF GliriS:ilOpFE}i.S

;\n excellen'c .reviet¡ of lite.ratu-re ciealing r¿ith feed-ing

behaviour and- nu-trition in grasshoppers a-ni. locusts has been

provid"ed. by Dadd- (1963), Sigh.bing i¡ork i¡ith various species,
inclu-d.ing i'teLenqpl¡]s si¡p. Dad-d. conclu-d,es (p,\-9) that 'ra
.Lenable case exis'l,s for supposing ilrat the food- preferences

i¡hich rïa-ny polyphagous pest grassho.opers u-nd,oubted-ly

ezJrj-bit a.re pa-rtJ-y the oi-rtcorne of the d.iscri¡:rinatj-on of
nutritionally ad,vantageol-ls features"t' :is to hor,¿ tne acrid-ids
encounte.c their food- plants..blne l_ite.ratu-re ind-icates that
olfactory stiinuli geneL:a1ly o-icerate only over small d.isiances,

¿cridids ha-ve been observed- to bite unsuitable íood ;ola-nts

and other su-bstrates before i:ejec'{:lng theü1. rn suc¡ cases

accepiíbility üra.y be d.etermined as the flrst bite rel_ea.ses

f'::om tne crushed tissue juices or oclours rr¡hich a-re possibly
reperlents or feed-lng inhibi'i;ors" úp to that point the

tissue ira.d" been attractive or at least not reper]ent,

i"lore a.biention has been devoted 'bo the ld,entification
of feed-ing stirnula-nts tna.n to feecling inhibita"nts. su-gars,

no'ba-bl y sucrose ancì- glucose, anit na.ny otner coinpound.s I riiel)t
to occ.-lr: in pla,nt rbissues have been found. to be effective

feeding stirou-lants" Amongst -i,he ilost noiabte are the
phosphol iplcls isotated- í'ron r..¡hea.tgerin oil- (Thorsteinson a-nd_
.|f^r,^-- 4ô11 \t":E-JÐ,i' tyo:). Ä iiiscovery critical_ io the develol:uent of



sa.tisfactory s)¡nthetic ciiet trr'es the need- for inert butk
( cer l-ulose ) (Dadc 1g/aæ) "

å. d.iscusslon of theori-es of foocl selection and a

comprehensive revierv of nutrition in acriclid-s is inclu-ded.

in Dad-C' s revier¡¡ (Dado 19/a3) "

.4. n';.mber of 'v¡orkers have investigated- the effect of
various food plants upon groivth and_ fecundLity (Hod_ge 1933:,

Ta-uber et af 19\5; Pf ad.t 19+9; Smith and. Irlorthcotte 1951 i

årinith et at 1952; ,srnith 1958; Gangi,,'ere jg59; pickf ord_ 1958 t

1962; Putnan 1962i Earnes 1963; tiutkern e_t al- 196+)" In a

monograph on food sel-ection in 0rthoptera Gangwere (1g61)

presented" and critically appraised sor.re excellent data on

food se]-ection in various species of Acridid-ae" The results
of these i-nvestiga'bions ind-icate i^¡icle di-vergence in the

number and. ra-nge of food. plants eaten. In some species

(eg. i4el*angplu€ spp" ) gror,rth anc fecuncì-ity d-iffered. widely
-when they were reared on difíerent food plants. iSome speeies

exhibited a pref erence for those pl ants r,¡hi-ch supported.

maximum groivth. l-Ioluever optimal grolvih i,ras often recorded-

i','hen the insects fed on iaore tir.an one plant speci-es"

I'ielanoi:l-us si3p, seem to be in this ea'üegory.

Dadd (1957t 196Oe2 196Obt 1960ca 1960d.t 196Oet 1g61a,

1961be 1961c) forrculated a che¡nicalI;r d.efinecl synthetíc d.iet

and, j-nvestigateci the nuiritional- requ-irements of tire locusts
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g_çgiS-!-A-q-g{çC and- I,o*qUS'ba" i:his Ci::y diet, consisteo of

celiul cse: su,c.r:ose) ct-e;:-trin, ¿-, s¿l--t i.ri::iure, chol esterol r

Linol-e:'-c t.c:c, cc-ìse:'-i:.r;oe,:'bone: e-: alj:u-,:len, ascorbic a.ciC.,

a-nci ten r,:a-'i;er solu-ble vi'ta;'nins of bire B co:upls;;. It
su-ppo.,:tec.i grow'bh froil ira,tchlng to tir.e a.d,u.lt stage"

Cavana,gh (1963) invesiiga-teC bhe use of tnis cliet as a food-

for adul t Scitis-uocerca-" I-i; l¡e.s Íounci necessarir to su_i: rfy

adu-lts r,;itn e. gi:ð.ss supoleine:rt in ord"er to obta.in egg clutches

of norma.l size a.nÕ. ferLiJ-ity. i.iayar (1964a, i96+b) developeir

a sJ-ightly sinpler CLiet i+hieh su-pr¡oried g:roirbh cf Ç_agpr¿la

pSJ¡æf&. (Scud.. er) anci iiCla.aqpþ-s. þi¡fi_qre*b-:¿e (Sa.y) from

hatch.ing 'bo ihe a.d.u.lt s.bage.

l,lery little has been published- on ihe eÍfects of
ølycosicles a.nc. a"l-lca-lolds on the feeding ba.haviou_r of
a-cridicl-s, A L:ei:ort by Thorstei nson (l96Ob ) inC.icated that
ba.rley ,olants spre.yed, i,¡iiir solutions of' a,lka.loid.s vet'e inore

::esistant 'GC grasshopper f ,:ec-ling " Tes'bs in r'rhich c.iscs of

el-der pith fieire trea.teri. uith a. variety of alkaloiils gave

si;ri-l a:: results " lloi¿evell in 'chese 'rlests eL f et¡ cheinica-l s

al¡peared to stii'nula"te fe eding, (Thorsteinscne u-npublisirei. CLaia).

III Tä3CIIIüS Oii' II0ST PLr-\i!T S-jjitECTIOi\T

I'raenkel, De bhier

tne chief protconeni:s of

it SuÌ11,r1e-]")¡ of Fiaenkel's

, äenneC.y, a-nd. ?horsteinson ha.ve been

theor'ies of hos'b pJ-a.nt selection,

vieits appearecl. ín a. reviei,.r b-y-



10

Lipke and. i¡raenlcel ?956) in vhich these au-thors discuss

the o,uestion as to r.¡hether selection is governed (p32)

"(a) by the nutritional su-periority of the plan'c or

region of' the plant serving a-s food for the insectr or

(b) by the presenee or absence of attractants and-

repellents in plants of nore or less uniform food value

to which the parasitic species has becone adapted-.'t

ïl:.e ai-uractants and repell-ents are terned- token stinul_i

ancl the view is taken that they may act as trigger
coiiri:ound-s t¡hich induce the r-rptaice of true nutrien'ûs"

¡iost pref'erenee is consi-dereiL to begin (p"33) "rr¡hen a

given insec'b species, by gene'bic selection, overcolnes the

repeJ-lent efÍ'ect of' such a naaterial, thereby gaining a neld

source of food. and resulting ideally ín a situation r^¡here

further genetic selection prod-uces stralns of the orlginal
species r+ho require the foriner re.oel--r--ent (nov¡ the attra.ctant)
to lnd,uce feeding "1r J3y and large ihese views are supported

by Dethier' (19531 1954) " I{or,¡c-ver he tend.s to place greater

enpha-sis on the role of tolcen stii^nul-i as repell ents or

feed.ing inhibitors, ie" on an early stage in the

hypothetical evolutionary sequence proposed, by Fraenkel"

I{enn.ed.y (195e) aiscrlsses the theori es pro,oound-ed-

by FraenJte1 anci Dethier in relation to a cl.ual d-iscrinination

theo::y which he had proposed earlier (ï(enned-y and Booth 1951;

anC- i(enned"y 1953)" (p.51) "TLiis posiulatecl that, in addition
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to specif Íc stimul e.tory substances of no nutritive valu_e

governlng botanical pi:eferences, univer:sal subsiances su,ch

as amino a"cids r,¡hich are of fund-arnental i-netabolic
/ , -\(nu.trlilonal) importanee 'bo nlants and insects al-ixe, also

playeo- a najor rlart in aphid- host relations.'r Assu:n'ptions

basi c to tÌris tireory i^¡ere that ì;he supply of these

substances varied grea-tly ancl ti:at they acted- as imrnedi-ate

sensory stinuli for feeding and other responses ei-ther

d.irectly or througlr. tolcen siimuli physiologically associated

!¡ith thern, i,'flelle r,rilling io accept the vie-v¡ that toicen

stimuli are often important in host selection he v¡a,s unwilling

to agree tha.t nutrient substances are not inporbant in this
regard."

thorsteinson (l96Oa) in a review of the llterature
pertaining to host sel-ection in phytophagous inseets

d.iscussed the pre.lriously roenti-oned theories ancl reitperated

his o-vnr vi-el¡s on the subject" The point of vierni taken by

Thorsteinson but periraps not very explicitly statec" is that
good data are avail-able for on1¡r a ha-ndful of species ancl

that there is no good- reason -bo clain that any particul ar

category r,chether caloric or othen¡ise metabolieally

slgnificant or not is rrûore importantr generally than any

o.bher. In particular species one iaight venture to make

such corrrparisons bu'1, even here the raetabolic requisiies for"

survival r,¡ill ali+ays be d-eci sive and- any inclividual
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behavioural peculiarity rnust be com;ratible r,,¡ith these

requisites. '*,hetirer sucÍl peculiari'fies ha-ve any survival
va-l-ue and-, j-f sor rr¡ha.t evolu_tionary and- ecological

interrelations ,la.y be constructed to account for them is
an interesting field for conjecture bu-t d-oes not yet have

a broad. empirical base for a uniquely superì-or theory
(Thorsteinson: peïsonal co:'rutunication). Thorstei-nsonr s

vier¿s on insect-host plant relati-onships bear a certain
resemblance to those oÍ' iiennedy a-nd l-a.ch the unfortureate

bias inherent in the theoríes of Fraenkel and Dethier,



CI{APTEE. ]II

Ì'|t,{T¡iiìIÄtS AND t{lTIlODS

The insect species used in these studies was the

tiøo-striped grasshoppêr : þielanorrl_us bivittatus (Say)

(Acridoidea: ¿\crid-idae; cyrtacanthacridinae), The species

is d-escribed as a geneïal feeder, prefeiring forbs" It is
r,¡ides;oread- throughout canada and, the unitecl states except

in southeaster.n United States (Brooks 1958). It is
d.escribed as one of the four most i-;aportant economic

species" Outbreaks oecur periodically and are responsible

for crop losses estimated at many in1ll1ons of dollars
(i,Íitchener 1956) "

For these ex,oeriments egES were col-lected from

natural oviposition sites within approximately 2O mlles

of in/innipeg: iitanitoba" itggs vrere col--lecied in the fal_l

and stored at a constant bem;oe::atu-re of 4oC. until- required.

Diapau-se r'ras broken and a high percentage hatching r'ra-s obtained.

after approximately tv¡o months cold- storage" IÌatchlings

were eÍtner useC in tests or uet'e reared j-n i,¡ooden cages

similar to those d.eveloped for rearing Schistocerca

(Ilunter-Jones 1961) " 'ri/hen reared- in cages nynphs weïe

fea a d-iet of lettuce and bran,
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Grg'r¡tir experi¡oe!.-ts, In these erperirnenis the effects
of various cheraical-s of plant orign on d.evelopnent and

surviva-l- of i'í" bivitlatus vere investigaied" Chemicals

to be used r,Jere selected, folle1¡i¡g a 'li'l;erature sti,r.d-y of

the al]cal oi-d.s r glycosid.es, and. saponins record.ed, fro;n plant

species or genera believed to occur l¡ithin tne geographic

range of l!" bivittatuS, A sumnary of this siud-y is given

in Äppendix I" Other chemicals known to occur wideJ-y within

the plant kJ-ngdoin or of special interest for other reasons

l^rere also inclucled-", The test cne¡nicals l.lere added to a.

d-ry synthetic d-iei which r',,a.s used to rear nymphs of

U. þivittat-ræ- frorn hatching to the adult stage, The diet

Ì,ias a rnoc.ification of tnat proposed by irla.)'ar (t96\-a)"

I'Ls composition is given in Table I. Diet i'.,as formulated

a.s recr,uired-, stored. ín airtight containers a.nd neld. at
*28" Ç, To f acilitate com;oarison of resul-ts, tes'b chemicals

lrere usually added to the diet at equiiaolecular concent::ati-ons.

By and- large tire level-s approximated, tirose found- in plant

tissues. lTowever tire latter is highly variable anct it may

be bes'L to vi er,¡ the diets as a series of 'syntiretic plairtsl

or tchemica,l models of plantsr d.iffering only in the

secondary plant substance or test cnemi-cal ad.d.ed to each.

The best cheinice-ls and iite concentration at t'¡hich each

f.ias acded to tire diet aue listed- in Ta-ble If '
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rn grorrth experi-i'nents seven hatchrings i,:ere praced.

in a- pl a-stic petri ciisir Tcin d-ia:neter anci 1"6cm deep, TÌ:e

lici i¡as veniilated liy a.n inseit oÍ'fine p]-astic screen 4,3cn
dia-meter" Thre bottom of tÌre dish r,,'as lined r,,¡iih plastic
screen, Diet in por,rcier forn tias provided_ in pla.stic d-ishes

1.6cm diameier and. c.fcm d,eep, i,.¡aier r{as provideo- by a r,¡et

cotton pad approxiinateJ-y 1 " ocm d-iameter (Fig. i ) " Fresh

diet ancl clean d-ishes 1/,rere provid,ed every two daysr or as

required-. u'later l'Ja.s supplied as requj-red," Experiments

ïIere inspected. daily, iriymphs l.¡ere r,.reighed ever:F seven d_ays

ancl aclults v¡ere rrreighed. r¡ithin 2) nr of mou_lting"

All experiments l,¡ere conducted at a constant ternperatu-re

of 31"C and. a relative lr1r-,1cid................,ity of approxinatety fO per cent.
Constant illu:nination llas pi:ovid.ed by two 40 ivatt inca-nclescent
'l amps (Fig.2).

rn each experiment treatments r,¡ere replicatecl ten
times. some treatmenis were lncrucled- in more than one

experiment,

linalysis of variance r.,¡as performeC" on d-ata on survival
(nunber of inc-ividuals corn;ol eting ineia-rrorphosis) r ad-ult

r,ieight (mg), and d-aity rate of i+eigbt gain over tire period

fron hatching to r:roulting to aclult (mg/day)" For analysis

figures for survival i,rere tra.nsformed r,ising the formula

/f + oT' valu.es of' least signÍficant o-ifference (L"s,D")
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ldelre used- to C.eternine l¡nich resu-lts r'reue d,ifferent to resu-lts

for control- insects (,snedecor 1g/c1) "

Ðata rega.rding variations d_uring ;ore-inaginal
developrnen-u,in survival- of nyiaphs, in daij-y rate of iveighi
gain, and in d-urations of sj;ad-iae r.'iere recordeC, for six
test chenicals"
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1¡3tE I

cOi:{P0sITÏ0i',1 0I' l)i:ìY sYi\iÎ¡iliTIC riIET

Cellulose fibero o o o o. . o o n4Þg

ijucroSe" o. o o o o o ø ø o o ø" " ".'1Og

Sol-u-ble s'barcho o o e o ø o o o ê " 109

DextroSê.' o o o 6 o o s o o 6 o ".' "10g

Salt mixture Ï,1 .o.ooooooôo 3g

Caseino o o o o o o o o o o ooo o t...2Og

Cho]-estero]-. o € ø 6 o é o o o o. .0"4g

Linoleic acid"o o o o ô ô ø ê o o.O,4g

Lecithino o o o o o o o o o o o o o o "1.0g

Thiarnineo o o o o o o o o o o o o o o 2.5ng

fr,ibof1a-vin" " â o ô o o o o o € o .Z"J'mg

Ilicotinic acido o ô o e. *. "J"Onig

PyrÍd-oxifle. . ê o o o o o e o o o'Z"Jmg

Fo]-ic acido e o o o o o ô o o o n "2"5ng

i-inositol,. o o o o e o e o e o]0"Omg

Cal-cium pantothenate " u uJ "Omg

p-arninobenzoic acid.. u " "2. Sitg

Choline chlorid-eo o o o @ 1 00,Ong

Blotin' o o o o o o o o â o o o o o ø.O.1mg

L-ascorbic acid, o e o o.. u.O"þE

)
)
)
)
)

)
)
)

)
)
)
)
)
)
)
)
)

)
)
)
)
)

)

Ðissolved in

ethyl ether

Di s sol-veC. in

a.m,;noni ated

ethanol
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TiiBLJd II

CTJI'IC¡]iITTL:Ì;IÎ]CN,S ,1.T I,TTIICIi T:JST CT{EJ{TT.I{LS ,iJ¡]P'ä US]ID Ili'i

GF,O}JT}i A"i{D FEJJIDII.TG PIì.JFE,ÌEI\JCJ1 SXPX*?.Iir'il]i"] TS

-A,iiID fI'T Dtj,flßIi\iG l:iESP0i']S}i T['STS

Concentration used- in

Te st
chemi-cal

Grorvth and preference
experiments

'/' l-xy r,'leight

Ðrinking
test s

Gramine

llord-enine sulphate

llyd-rastine hydrochlorid.e
i{yo s cyamine nydro chlor ide
Lobeline sulpha-te
Lu.pinine

ItJorni cotine f_i pierate
Santonine
Êìolanine
Tomatine
T,/eratrine

Arbutin

Ind-ican
Digitonin

Ði osgenln
ilecogenin
Saponin

Tigogenin
f:- sito sterol
gii gma.sterol

o "37
1"00

o,91
Vø 1/-

1"67
c "37
1"33
o .5+
1 "Bg
c cl:-

1 .00
0.59

o.65
(3,00
(1"00

1 .00
1"00
1 .00

1"00
0.91
0"Bg

Satu-ratecl
(o.1olq
( o. o2i'{
( o. ooJiu
O. 1 Oi',I

0. 1 Ol'li

0"10i{
O, 101,i

0, 1 0l'l

) 'o;b
( satura.ted
(o,1oI'í

0, 1 Oi"i

( u. 1 ulii
( o. o2t't

( 10.0; j( o "5ií

4 .15'fr

ind"icates d.rinlcing tests r,"ere not cond-ucted.
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Fig. I "- Setri. d.ish c*ntai.nå*g Siet, vret

insertu end. se\ren ltaÈ*hl-ångs es use* íor
experi*enÈs,

coti,on i:ai e screen
+t- Á .4^ ^.t -i .- ^Lr:1\; -L çvlj.-:-.:.15
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3ig" å"* Ineubator used far gn*xø*h

experi:ne$tË *
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IllFLUlii\Cji Cïr T-,5T Ciii,r'llCiiL,5 0iti FË*uIi'iG EitI{i'rVIOili'ì

(a) Inhibi!ion of c1::iqh,LÐå Is_ç!-Anse., Responses to

some of' the iest chemical s i,ierê investigated by applying

aqueous so'lutions or emulsions to ine d.istal segrnents of

tire raaxillary and labial ¡:alps of aC.ul-t ivi. bivitiatus"

Tests of tl::.is type have been used by various l¡orkers

(for exa.rnple, Frings anC- Frings 195'oa., 1956b; Feir et al

1961) to d.etermine l¡ehaviouraf responses of insects to

chenica.ls" I{ere the itethod. r,¡as enployed to give an

indication r,¡hether test cheinicals useC- in gror^rth experiments

influenced ihe behavior-r-r oÍ' I'1, bivittatus,

For testingrBrasshoppers \'¡ere confined in pieces of

glass tubing supporteCL in blocks of modelling clay. i,'iater

and solutions l¡,rere a,oplied. to the palps with fine r^¡ire

loops affixeci to appli caLor sticks (Fig.3¡. Solutions l¡¡ere

normally u-sed at a concentra.tion of one-tenth molar.

jürulsions were used a--r, e'n ecluivalent concentration (Table II).

Prior to 'bestlng grasshoppers l¡ere hel-d for tnree

'bo five hours l¡iihout food- or l^ie-ter" 0n1y tirose

incliviö-uals from i^¡l:ich r¡a'ber eliciiec]- a 'drinking res,oonser

lrere used. for testing" Drinking response aay be d-efined-

as manclibu]-ar actlon associated. r'¡iiir a.n a-tier-npt to drink"

It may be ind.uced- by a.ppJ-ying r"a"ter to 'che distal-

segrirents of tne naxillary and. labia"l palps" The basis of the
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iests liras tire inhibition of this response b)' test chernical_s"

¡íale grasshoppers r,,/erê found to give rrore consistent results
'bhan femal.es and l.¡ere selecteC. for ¡rost tests"

In ti:e tests a grasshopper l,ía-s tested in rapicl

succession r+ith r,¡ater, test chelrli ca.I, and r,,'ater. The sequence

i s sr¡uirari.sed in Ta"ble rf r" ria.ch test iias replicatecL at
lea-st ten times"

Data on the inhibitj-on of drinking response ilere

arranged in a qua-rtil-e distribu-tin.

(b) Feçd.ine pqeference e4l]qïj-rnents" The inf]-uenee

of test ch.emlcals on the behavi our of i'i. bivltletu-s- i+as

further studied 1n a seri-es of feed-ing preference

experiments" fn these experiments fifttr-instar nympirs

r,Íelte provid-ed. r+ith trrro food sources, ea.ch source being in
tire form of a rl'ra-ferr of syntheti-c diet. A test chemical

'iva.s ad-d-ed to one of tirese diets at tire same l-evel used- in
the feecling experiments. I\To test chemical r,¡as ad,CeC to

tlre other d.iet, ruhich served. for control" i¡afers (Z"Bcnr

diameter and 0.3cm tiriclc) we::e forined frorn ;oorvdered cl.iet

by coinpressing a stand-a.rd" vol'¿me at 2,OOO lb/sq"in, l¡iih
an hyd-rau-lic press.

Nynphs 1,,rêrê rea-recl on a. diet of lettu-ce and. bran

and r,¡ere u-sed. for these experimen'bs r,+Íihin Z4 nrs of

noulting to the fiftil instar" Three nynphs lvere
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placed in plastic d"Íshes such âs i¡r€re li_sed_ 1n tire feed,lng

experiiuents and- provided r'¡Íür tr+o rra,fers, one of rr'hich

contained- a- test chenical,, r,daier vas provided, b;,r cotton
pad-s. The r¿afers l,,,rere tilted to facirita.te feecling (nig" 4)"
Portìons of ¡¡afers luhich renained u-neaten after three d.a;r5

uere photographed and, their vo_l_u-rires iórere measured" vo]ume

1'rr3.s fleâsu-red. as tenth-ml of rvater d.i spla_cec-, To prevent

wafers disintegrating r'¡hen placed in r,¡a,ter the u-neaten

portions liere ',vaterproofed ruith a cerloidìn sol-ution" T?re

di spfacement a-ppa-r'atus i-s snor'nr in Figu_re 5.

Data. T,iere a.na"l;rsed- u_sing,Stu_cient t s t-test (Snedecor

1961 ) ,
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TABLtr ]II

ROUTII{E SEQUEI,ICE r¡Oi', TESTII\IG Tl{E F.rtSPOi\SES 0F

i4" BÆ. T0 STIi',ÍULÀTION 0F SEi\TSORT

REC¡iPTORS 0N TI{E i't¡lXItLARY ¿å"\TD TABIAL PAtPg

liiIl'IT SOLUTIOI\IS 0R ElfUtSIOIiS 01¡ CHEi\ÍICALS

SEQUEI\TCE SITTJ SUBSTÄ}ICTJ Á.PPLIED

1

2

3

4

bìight hand palps

Ilight hand palps

f-ight hand palps

Left lrand palps

t'later

Chenica-l

Wa,ter

t^jater



t_)

lig" 3"* hqult
The ¡,:ethod- oí

is illustrated-

grasshoopers helc for
presentation of water

t^rith the speci;een on

drinking tests,
anC cheilica-ls

the left"
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t"*;'ig. +.* Peiri dÍsh contai-ning a treairnent e-nd a control
.ir¡af er, vei cotton pad: and three f if th i.nstar nyuphs as

u-sed for the preference experineiLts"
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Fig" 5,* .{pparatu-s usec for ineasuring the volume of portjons

of i'¡a.fers noi eaten in preference experiments, Displacement

cylincì-er, Ar 1'ras filled. to a constant level froin rese::voiru

B" The voh:-ne of i'¡ater ú"isplaced fror:r Â by a r¿afer l¡as

inea-sured in ihe grac.uateC- cylinder, C "



I.

( a- ) ifo:r!þ 97vr erir!eiL!-g."

(i) Bflsglts" Resul-ts

are presented in Tables IV to
Table, ,iIV anCL Figure 6" Data.

presen'i;ed. in Figu_res 7 io 12,

Figu-r'es 13 to 18, and on inean

Fi gure s 19 'bo 30 "

; ,¡CTl ¡ m(
-:r-..ltJU !J_ u D:[ìiCü l5IOi'j

:lïTllf ì-Tr ': 'ì-
IJU-;.IV.l-VI1IJ

of i ¡1¿1yicl.ua__l_ g:r:owth experiments

'ïfIIe a-nd are surffitari_sed, in
on survival of nyrlpns are

on ciu,::ations of stad_ia in
ciaily rates of rveignt ga"in in

tla-tch]ings i¡/ere observed feed.ing on d,iets contajni_ng

each test chei:iical- and faeces \¡rere arways found." I{ence,

d.eaths of npnphs may be a.tiribu-teo. to rneiabolic effects
of the cirenicals and noi; io sta-rvation d-u-e to inhibition
of íeed.ing 

"

To facilitate c1íscu-ssion, tne tesi chenicals
have been d-ivideC- into trso groups. One group conta.ins ien
compound-s r,¡ith steroicl configu.ra-tiene å:Ld the other group

ien non- steroid.al- contfounc"l-s.

The tirou_p of' s"i:eroids includes tirree alkaloids,
solanine, toaiatÍne, and, veratrine" [jola,nine and. to¡ra-iine

occur in nlants of a notoriously toxic farnily, the

solanaceae" solanine iras been reported" as hemolytica ä.oc1
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torna.tine is stated- -bo preci-pitate clnol-esie.::ol_" -å salt of
solanj-ne ha-s inseciicicia,l proirerties. (r¡ei:¡ j 9Lr8; äenry

1949; Stecher 196C). ^clo:.j-tion of either of these chenical s

io tire d.iei of grasshopper ha.ichlings resultecl in atl_

d-ying before 'lreconing ad.ult (Tables )iIe äIV, Fig " 6),

Vera.irine significantly red-u-ced the :oea.n d.a1ly rate
of weight gain bui diC- not a.ffect mean su"rvival or mean

adult i.reight (Tables lilI, i(rv, Figs" 6)., The preparation

used r,;as a comr:iercial- prod-uct rtrhich contained- the alkaloids
cevadine , veratridine , cevadilline , sabad-ine and cevj-ne,

IL is CLescribeo. as poj-sonous, exceedingly i.r:rita.ting to

flu.col1s me¡nbranes a.nd. r¡hen ingested. by nan may cause vj_olent

vomiting, ;ourging, and- iniense burning of tne nou-tir and

tÌrroat (Stecher 1960 ) .

The sa1:onJ-ns and salrogenins, d-igitonln, d"iosgenin,

leecogenin, saponine and- tj-gogenin, aJ-l ¡uo'u a steroid-

confi-gurati on" Digitonin lía"s f ecl at one per cent and,

tirree per cent, Clry i'leignt, At one per cent it had no

significant effect orì rr.ean su.rvival or nean d-aily ra-te of

i+eight ga.in, but significantly redu-ced- flean ad,ul'c r'reigitt"

¡inen the d.iet contained tnree .i:er celr.t, al1 nyrnpirs died.

beíore becoinì-ng a-cì.ult" ,t"orhing i,;ith i:'iugqa viciqa iia.cc1, 
e

Levin.son and i]ergmann (1957) rei¡oL:ted tira.t ad-diiion of

d.igitonin to the d-iet of larvae redu-ced. gronth and.

surviva.l i,rith increasing concentra'bion, higher concentrations
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(0" 1O ,¡er cerrt anci O .1'/ per cent) betng I ethal_, T"ire;r

1¡ostulatecl tirai tirese effects i+ere c1u"e to tne abiliLy of
ciigitonin to precipitate steroicJ.s ilossessi ng a. 3 þ-rrydroxyl

troup.

Diosgenin significantly red-ucecl mean survival bui

ha.d no significant effect on älean aclu.lt l+eigiri or rûean

d-aily rate of r,.'reight gain (Tables XII, Xrf I, XIV, Fig, 6)*

ilecogenin r,¡as incl-uded in ti,'o groruth experiroents.

In one, mean surviva.l i,ras red.uced- but rnean d-aiJ-y rate of

llelghi ga.in r,¡as not signiÍicantly different to thai of
control- insects. In the o't,Ìre::, botn su-rviva,l and nean

daily ra'be of rueight gain rr¡ere increased" Hor+ever in boilr

experlmen1is rnean aciul-t i^ieigri.i.; i^râs r'r.ot si5nli'ieaii.tJ-y cifÍerent
to that for control insects (Tabl-es XII, i{IrIe XIV Fig" 6)"

The ad_c11iiion of saponin to the diet resu_lted in the

d-eatn of all nynpLrs (Tables VII, VIII, l¡,IV) Fig. 6)"

sa.ponin a-o.cl-ed to the diet of larvae of i'rqsca v_ic_ina '¡a.s

lethal (r,evinson and tse::gmann 1957) " The leaves and, bark

of plants containing saponin ha.ve been used- a.s fisii poisorjs

by prfunitive races since early times. saponins have liti;le
effect r,¡.hen ingested by higher veL:tebrates r¡u-t are strongly
ire:irolytic if iirey en'i,er tite blooclstrea:n (Siecher 1g60).

The saponin usecl j-n iirese expe::iinents ro¡as a, cornnercial-

prepara.tion ¡rade i'ron t¡re bark of Qui]Lai_a sal_oner-!-a air.d_

contained" cluiJ-laic acid and- sapotoxi-n (Rosen, 1i"8,, i4ann
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P,esea.rch Laboratories fnc. ¡ ger,sonal colnnunication).

Tigogenin l,ias included- in tt'¡o groviir experinents.

In both experirnents uean survival r..¡as inc:'eased- significa.ntLy,

but inean aclult r.reight rvas not significa.ntly different to
that for control insects, fn one experiment rlean daily ra-te

of r'reight gain i'ras inereased., in the other it r+as not

significantl-}' d"ifferent, (Tab1es IX, XIII, XIV, Fig" 6)"

In the experiment in i,¡hleh rate of rueighrt gain r,¡as increaseC,

mortaf.i-ty tras highest during the first instar and nearly

consistent during the seeond, third, fourthe and fifth
instars, The pattern r,ras sir¿i-lar to that for eontrol insects

(nig. 7)" Äs d.evelopment proceecled. beyond the first i-nstar,

stad,ia beceme increasingfy shorier tiran for control insects

(Fig" 13), Throu-ghout development the mean d-aily rate of

i+eigirt gai-n increased. continuou-s'ly and was nlgher than for

control insects" The greatest increa-se in oa115r ra-te of

r,reight gain occurred during the peri-od fourteen to tt;enty-

orre days after hatching (Figs. 19, 25)' i'Jith the possible

exception of hecogenin, tigogenin r,vas the only test chemical-

r,¡hich und.er the conditions of these ex;oerimentse inerea.sed-

su-rvival and- rate of cleveloprnentr æd. appeared- to have a

stinrula.ting effect on nyrapirs of M" bivittatus' I{orr¡ever in

spiie of these effects mean ad.ul-t r',reigirt did not differ

significantly from that of contro'l insects.

The sterolsr ¡3-sitosterol and. stlgmasterol, producecl

no significa.nt effects on su-rvlval or developnent (Tables XI:

XIV, Fig" 6) "



Iire group of non-steroid" .Lest cirernicals inclu-cìes

eignt alkaloiC-s, gra:iiine, hord-enine s¡_lphate, hycì.ra.stine

hyd-roehlorid.e ¡ I obeline sulpnate, lupiniite, nornicotine

dipicratee and santonine" Gramine cìid" not significantl¡r
affect flean su.rvlval or nean daily xat,e of r,ie:igirt ga_Ln,

bu-'L reduced- ür.ea.n a-d.u-l-t r,ieignt (Tabl-es lli, XIVr Fig. 6) .

Horo.eirÍne su-lphate i,,ras included_ in tirree gror,rtir

exireriments" ft had no significant effeet on survival
or overall d-evelopinen-r," (Tables IV, VIe XIV, I'1g" 6)",

Llor,¡ever in co;npari son r¡lith cont:rol insecis inortality r+as

loi,¡er in the fÍrst1 second-e s.ncl thirc lnstars, and higher

in tire fourth and fiftn instars (Fig. B). Stadla \,rere of

similar d.uration io those of control- insects (fig. 1+),

The mean daily rate of weigJrt gain nas siinilar to tnat of

control insects (Figs" 20, 26). I"lence tne only effect
r^¡hich nord-enine sulphate ap;oea.red to have in these

experj-ments 'i^¡as a reduction in i-nortality in early instars

r,¡hich rras balanced- by an increa.se in morta-lity in l-ater

instar s "

äyiirastine nydrochlorid-e had. no signifi cant

mean su-rvival or inean ad-ul t I'Teigi'lt bu-t red-uced tire

daily rate of r'¡eig.lt gain (Tables V, XIV? Fig, 6)"

This cornpou.nd- is reporied- to have a strychnine-like

on higher animals (Stecirer 196ü "

effect on

mean

action
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i:ii.o""""tnttr" h¡rdrochlo::íde had no significant efÍ'ect

on inean survi-val or mean ao"u-l-t r.,ieignt (fabtes fT/, XfV, Fig"6)"

ILo::tal-ity f ol l-oi,red a paitern sirnil ar 'rto tirat f or control

lnsects (T¡ig " 9)" i.{ean daily ra-te of r,,¡ej-gnt gaín (Figs" 21 ,

27) and clurations of stad-ia (i+íg " 15) uere also sir¿ilar to

those of control insects"

Lobeline sul pha-te had no sígnif icant efÍ'ect on rnean

su-rvi-val or mea.n adult weight (Tables V: )il-V, Fig. 6).

Ëurvival foll oi^¡eCL a pattern similar to tirat for control

insects (f ig" 11). The nean daily rate of i,reight gain uas

less than for control insects tirrougirout the pre-imaginal

period (fig " 2-3) z and the d-iÍÍerence in these ra-tes

ì ncreased as develoi¡ment proceeded (nig " 29) . Durations

of stad,ia are shorn¡n in Figure 17 "

Lupinine r,,las incl-uded in 'chree erperinents" In one,

flean survival-e inean adult i^leigirte and- mean d.aily rate of

r,reight gain l,¡ere not significantly affecied (Tables Xr ;{IV,

Fig. 6) " In another experirnent, mean survival, l:nean ad-u-l-t

rrreignt e and. nean d,aily rate of i'reight gain hrere reduced"

significantly (Iables IX, XIY, Fig" 6) " In a third- experimeni,

nean survival and mea-n d-aily raie of r"ej-ght gain lrere

reduced- significantly r,¡hile lûeai'Ì adul-t weiglrt ruas not

aff ected (Tables XII, XI\rr Fig" ó).

i'Tornicotine ha.s been recorded as havi-ng insecticid.al

properties anCL a.s being e Tllore efflcient conta-ci poison
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tha.n t,re =r¡ê11 hnoun insect .¡:oison, nicotine (Stecire:: 191cA) "

In groru-th expe::iiiients i"¡i'bn nornicotine cÌipicrate a'll n)¡.mphs

ciiecì. before becoming adi,rlt (Tabl-es VII e VIII e ,v;IV? I¡ig. 6) "

ilor,.¡ever a nurirber of insects (for exainple, Plptorra]'ce sexta
\aJoitan" ) feed. on p.l ants containing quite higir concentrations

of nicoiine and- a;opare.ntfit .rave solt€ inechanisa l,Jhereby they

can excrete or cietoxify inis chei'oical (Seti e! al 196\-)"

Santoninê r¡râs incl-uci"ed in ti,ro gro-,'.;th ex-peri-ments,

In one, neall survival 1,Iâs .r.'Lot significantly affected u¡hil-e

in the other it r,vas red-uced-. In bota e:tirerinenis ü:ean

a,clu-]t r,,'eighb and- mea.n claily rate of r,reignt gain l'¡ere not

significantly Cifferent i;o those for control insects"

The non-ste::oicì.al grou-p oÍ' coiapounc|s includ"ed the

glucosides: arbu.tj-n and indicâ1L. Äd,diiion of arbutl'-n to

tlre cliet oi- aatchlings had no sígni-íícani effect on nean

survival or inea.n adr-r-lf weignt (Tables IV, XIV' Fig, 6)"

I'iorta.liiy occu-rred at approxi:aately- trie sane rate in a]-l

instars and- foll-or¿ed- a pattern siiuilar to tirat for control

insects (Fig. 10). The ¡nea.n Caily rate of weigirt ga.in r.ias

not significantly d-ifferent to ii.Lat of conti:ol j-nsects and-

stroi^¡ed no rna-rked flu'-ctu-ations" ft increa.sed. i'¡ith aBêr anil

fol-lor,;ed a patiern siinilar to iaat f or ccntrol .i nsects

(figs. 22, 28)" lrft,er t,:e fi.rs'L instar, duratio:rs of sta"c-ia"

increased- r,;itn age and. r,,¡e::e sirnilar io 'brose of control

inse cts (Fig " 16) " I'c rnay i:e conc,'uC.ed ihai i-rni-er iire
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conC,iti-ons of tne experiineni arbutin
eff ect on su_rvi r¡e,t cr e1evel_oitteni of

haC. no si gnificari

-ro ÐLv)_ uutj-ur_:_so

fnäice"n sÍgnificanill, L:eii_,_Lcec1 .ûea.n si-rrviva-l but d"id
not e:ffect r'nean a-d-ul'c iieignt or irlean rate of liei gJ:t gain"
ir'iortal-ity d-uriiig tire firs;t instar r¡as grea.ter i;ne.n for ccntrol
insects (Fig ' i2). Trre ,'¡ean cla-ily rate of r,;eigìrt gain r,ias

higher tnan for contror- insects froin natcning to fourteen
d,ays after hatchlng but r,rras 1o1,,,er frorn for-rrteen to tlrenty-
one days after hatching (Ï.ig" 30)" The cluration of each

stadiu,,n i+as consistently snorter ilran corresponcìlng stad_ia
for contro_L insects (Fig" 1B)"

(ii ) Discussion" .tädition of vari ous steroid_ cire¡r:icals,
( solanine, tomatine, veratri r.e r digitonin, iì.iosigin, saponin,
and- possibly hecogenin) to a synthetic diet i^rhiclr contained
cholesterol at a level ad-equate for norilal gror+tir, ad-versely
aff ec'bed survival or clevel oi:¡rentr or r,,'as r ethal to nymphs of
i{. bivittatus" The sterors 6-sitosterol- and stigrnaste::ol
d-id not affect tne i-nsect, Tigogenin, and- possibly
hecogenin íncreased. survival ancl- rate of d_evel_oìoment of tire
insect (Tabl-e jilV? Fig, 6).

Älf insect s;oecies r'.rhich have been investi gated_ ha,ve

been u-nable to synthesise their sterol reo,ui.r:ements, and_ a

d-ietary source oÍ' a suita-bl e ste.rol i s essential " Cholesterol
na-s sa.tisfieci iiie sterol reç¡r-r,ireinen.bs of alt 1nu".a"
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invesiigated- (Gilinou:: 1Ç(.,1 5 Clay'con 19íLr) " i{oirever,

cholesterol nas been fou-nd. in only a. f ei¡ pl ants (Johnson et aÄ

19ó3 ). Phytosterol s (f or eranple: ,/¡ -.si'Losterol a.nd stigraasterol

cen su-ppi-y tne need-s of ph)rtopira"gou-s insects anc]. in sorne

species appear to be u-tilizecl nore effec'cively tiran cholesterol
(Levinson 1962; Clayton 196+). Re1:orting investigations on

ilre feeding beiraviour oÍ' tsollby{ mori (L. ), fto et a_l (1964)

ira.ve cfassifiecl tirese s'berols as feed.ing stimulants, and.

Ila.rnamura ancl iris e-ssociates (1961 I 19/c2) have terr¿ed-

f -sitosterol a tbiting fa.ctorr" I,iayar and Fraenkel (1962)

fou-nd the chemical purity- of f -sltosterol to infl-uence

behaviour of B" morin

It has been suggesteo" that insects utilize sterol es

a structural- comjconent of cells: âs an anti-infective agent

(Levinson 1962) 1 a.nd- as a precursor of steroid hornones

(Clayton 1964), In this regard it is interesting to no'be

tnat Ciosgenin, tigogenin, and- stigmasterol are starting
rnaterial-s or intermecliates in tne sïnthesis of steroid.

hormones (Fieser and Fieser 1959)" r,ttrether tnls coiïrnon

property is of significance in the effects of these compouncls

on insects is not knotr:n. Some insecis nave been reareo

using suboptinal qua-ntities of chol esterol lrrovided- another

(rsparingÌ) sterol is contained in the cl:-et" It nas been

su-ggestecl tha.t tire choleste.rol- is utilizeo. in horrnone

rnetabolisll a-ni1 fu-lfill-s other higl'Ily specific roles, and

the sparing ste.r:ol fulfill-s ro]es of louer specifi city
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(CJ-ayton 1964), $everal l¡orhers have reported tira.t ce::tain
analogues of cirolesterol irl-hibit i-nsect growth" lior,¡ever

furtirer confirmatory rvork is requi-red (Clayton 19ra4;

Levinson a.ncl Be::gmarut 1g5T) "

These finc-ings, together r+ith those eited in
discussion of specific chemlcal-s used in tirese experirlenis
v¡ith Ì'¡i. bivitiaLr¿g, inoicate that ingestion by insects of
certain steroid- chenical-s irlay interfere r'¡ith rnetabol-isrn

and. util-ization of sterol-s essentja-l to the insect.
rnterference iuith the sterol ¡retabolisn r,¡oul-cl seriously
infl-u-ence survival and development and ,:ray be -lethal.
llorrrevei' other steroid chemical-s appear to have a siraring

on
action/, or ma-y 'Liremsel-ves comlrletely supply, the sterol
requirenents of tÌre in.sect. The fincl-ings reportec_ here

for i'f' bili_t_!at_u"q a:'e in general agroement r,¡ith ilrose re-
ported by va-rious l,¡orkers for otirer j_nsects.

Á. striking feature of tirese gror,rth experiiaent d_ata

was the rel-ative uniforlnity of ileair adu"lt i';elght regarc]less

of diet" For seventeen test chemica-ls nea.n ac1urt i,,,reights

r'^¡ere not significantly different to those of contro] insects"
itlynipir.s tend-ed to grow to u-niform adult r¡eignt regard,less of
r'.rhether their diet containec'l a chemical whieh increasecl

surv'ival ancl ra'Le of rueight gain (for example, tlgogenin)r
oïle r¡rhici: he,d no effect on su-rvi-val and rate of r"reight

gain (for example, hordenine su.J_phate, hyoscyamine
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irydrochloL:id-e: oi arbutin), one l.,",hich had- no effect on

surviva.l- but d-ecreased- rate of weight gain (for exa,nple,

lobeline su-l;ohate) e or one wirich c|ec.reaseii- su-rvi_val and

decrea-seci rate of r,;eigtrt ga.in (for exainpl_e, indican)"

liowever, i4ean d.aily rate of i¡eignt ga.in r:las

infli-Lenced by iigcgenin, h)¡d-rastine nydrocht oriit-er
-l obeline suli:hate, vera_trine, and, possibly hecogenin,

a.ll- of v,rnich d-id not affect adult r"'eight.

In the attairri:rent of a_ gì-ven r,ieight , rare of r,;eigh.t

gain and- curation of d.evel opnent ,,¡e::iod- are necessarì ly
related.. I'ience'L-i-gogeni n, and- irossibly hecogenin, r,¡hicrr

increased daily ra-te of i,ielght gain decreased- .üÌre d-uration

of tl:re pre-iraaginal period.T and hyd-rastine hydrochlorid,e,
lobeline sulphaieT s.rlc vera-irine, r,¡hich clec::ea-sed ilail-v
rate of i"reight galn increa.sed- tl:e d-u_ra.ilon oÍ. the

pre-imaginal period..



TÄBLE TV

IiJTSULTS OF ]IIJJ.;DING ].I]iTC]dI,rIvGS

iL11ll U T t N, I{YO SCYAì'II I'ü11 I{YDIÌO CHLOi-i ID E 
e

C,l:emical adcled

to basic d-iet

/.irbutin 2"6

IJyoscya.mine
hyd-rochlorid.e 3.0

llord-enine sulphate 2"3

Control (no tesl, cnemical) Z.^Z

ir'{ea.n nuinber per
replicate completing

metarnorpho s1s

Ii value

Actual llransforned

Total d.f" = 39

u'o.oi = 2'96

D I üT,5 COi'TTA]ii]II.f G

01." iIORDlJl{Ti{E SULPl{rL'ItJ

1 .721

1"796

1 "638
1,76\-

i'íean aclul-t
i^ieight - mg

0,033

265 "z

281 .O

276 "7
nC'l.l a)laQ"A

i¡{ean ra-te of
weight gain

mg/da.y

7,53

8.06
nn1/'/)

7.86

0,38 ^ 
nO

VoZQ

LU
\o



!tU$UtT,l 0I¡

;{oÏiDl-it'iiIiì 1ü,5 ULPH}ì.TFt,

Chemical- a.d-cLed

to basic d.iet

Hordenine sulphate 2"8

Ilyd.ra.stine hyclroch] oride 2,8

Lobelirie sulphate 2"9

Control (no test chemica"l) 2.6

T¡\llLE j,/

FJìTD T IJ G ItA TÜLTL I NG S D I]IT,S C O j'] r:'- -I. i'i ] i,].G

l.lrDiìri,s rri',tli l{yDïiocHlorìrDlt, 0iì LOBi¡LillIjJ stilpllA'rrl

i''Iean nulber per
repli cate coinpJ-eting

metanorphosi s

11 value

L"s"i)" ^U"U)

Actual Transf oriled_

'Jotal d-.f. = 39
* significantly

1"767

1 "800

1,837

1,732

1î=)alt'0"05 - LøJ\)

d"ifferent to control

i¿iean adult
rlreight - mg

0. 02+

308, 9

303"3

297 ")
5¿() øO

i'fean rate of
ltei-ght ga.in

ng/ð-ay

F^ = Lr"6o
U. U]

a"t 0, Of

12,38

11"37"'

10,22rF

13"62

L. L(tø t./

o "971

t
O



Chemical- actiled

to ba.sic cliet

TABI,E VT

JiiISUtT$ OiT FUI,DT¡JCi H:\TC'IÌLI1\G$ DTiJTS CO}.JTAI]:.[I]'IG

sl\tjïOt{IÌititr e rtjlDIClr}ï ) cä IiOIìDE]'II}Iu SIltpl{ATtT

Santonine O"5

fndÍca-n O,7

llordenine sulphate 1 .3

Control (no test cìremicaf ) 1"6

itean nuuirber per
replicate compl eting

meta:norpho s:'- s

ï. va-lu"e

L'soD"o.o5

Àc'cua.l Transforined-

Tota.l c1uf. = 39 tO,O,
)i< significantly d"ifi'erent

o "95'4

1 , 04¿'

1.29

1 .41

itiean ad-ult
trteight - 1119

= 2.96 1r^ ^Â = 4"60
U. U]

to control at O"O5

\-, o6

o'312

396,o

341.o

325 "g
1(O f7

r'iean rate of
Lreight ga.in

rng/ðay

2"73

15,3

15 "3

13.2

1\-. O

3 "48

1 .6\-

1-T
J



Cheinical a.dd ecl

to basic diet

TABLI V]I
iìjjisul'L3 0J:i lrilll,DIlrlÊ .tiiiTCIíLI¡ìG,5 .DIn:i,,3 c0llTlili|il_.LiiG

,sl\l}]Tol't.I¡Tri, l\tOrii:tIÇ0TIt!E DIPItTiATE, 0ti sAp0]'tIl{

Santonine

1'üornicotine

{:iaponin

Control (no

l'4ean nu-mber per
replicate compl eting

nreta.rnorphosi s

2"2

dj-picra-te 0 " O

o.o

tes'b cheilica.l-) 2"3

ii' val-ue

L " S,D. _-u. u)
L " S.D.

0"01

Actua'] 'Iransf ormed

Total d.f. * 39 (19) uo.o5
Figures in parenthesis refer
'F>,k significantly dif i'erent to

loiJ

ô r1,k >k

0" 7*'r

1.6

it{ean aclult
r,reight - mg

30 "5

o "271

o,366

= 2"96
to d.ata

con'brol

319 "5

3\-0.1

i'fean r¿r.be of
r+eight gain

ng/ö.ay

(5"12) ro.01
in coluinns 4 and.

a.t 0"01

1,36

11 ,86

12"37

4.60

0.14

Pf
N)



Chemica"l ad-c-j.ed

to ba.sic diet

ÏABLE VIII

I'ìESULTS 01,- FUJIDTiVG ILTTCTIII1VGS D]]'TS COiiiT:\Ii\TI¡IG

s1,P01':l IN OTt NOFiir.T I C0 TI i\iE D I p I c]":ÌÄ Til

Saironin

Saponin

ll.ornicotine
j'lornico'l,ine

Control (no

l'{ean mirnber per
replica.te coml:leting

metamorphosi s

F value
L's"D'0.01

d.ipicrate

dipicrate
test cheülical)

Å,ctua.l lransf orined

'lotal- cL" f. =49
t'n)t signif i cantly

0,0

0.0

c"o

0"o

1,7

o.f 1'r'r

O,71'r'r

o " | 1tr's

O '11't''ts

1 "Lr7

liean ad.ult
ireight - mg

ì-¡t'0, 
01

different to

127.6
0"109

rno

conbrol at O.01

iuïean rate of
r,teigìrt gain

ng/ð.ay

JbU" ) 15.3+

l"

L^,



Cherrr:'-cal ad-d-ed

to basic ciiet

TlLBtIl IX

ïìilsul T'5 0 iì' FtliiD ri!-G HATCH L Ti'(G S D r E'r's ü o tilitÄr iì'il,ICl

GRÀl4IliE, LUPTi\iii\iE ? DIcIT0t'Tllit ? Otì TIGOGjII,trII\T

Gra:nine

Lupinine

Digitonin (l',i)
Tigogenin

Control (no tes'b

l4ean nr-rmber per
replicate completing

metamorphosi s

0"7

o" 1

0.8

1"6

chemical-) 0"8

1,' val-u.e

L"S "D" Û. U)
l"s"D'0"01

Actual Transf orined

Total d"f" = 49 I'0,05 =

s signif i cantl y clif f erent
>,k'i< significantly d.iff'ereni

1"037

o "761*
1 .081

1.3BBx

1"066

jviean ac1ult

rveight - mg

2"63

to control
to control

2Bg "g,r

229 "O 'l'l'

2411" 1'l

374,1

364" o

3"4\-
o.035

Jíean rate of
lrelght gain

rng/da"y

Fo.o1 = 3.89

a-t 0"05
a.t 0"0i

g,69

7 "40,r

B" 1o

13. o7l"l'

g,86

11 .93

55 "57
74"58

10.11

1"gB
2-.66

1"
f

-+-



Chemica-l- a,dcl-ed

to basic d.iet

T¡.BIT] X

ïìiilsutrs 0F 3'trliDrNG lIATCllLri'[Gs .DrET,s co],trAriirt{G

LUPIi'il11d

Lllpinine

Cogrtrol (no test

1¡ value

I'fean nr-unber per
replicate completÍng

meiamotphosi s

Totald..f.=19

2"2

chernica.l) 2"3

"¿Lctu-al Transformed

1"60

1 "64

iulean a.dult
tueight - mg

o" 005

290,+

286,1

l"îea-n ra"te of
t'eight gain

ng/day

^ ^ ^ìU"UU+

7,99

9.31

anaLo ( J

-F\¡



Chemical ad.cled

to basic diet

R]JSUtTS

SOLAI\TII'{]J,

Ëola.nine

Sol-anine

To¡ratine

$tigmasterol
p- sitosterol
Control (no test

T'ABTE ;{T

OÏI TIEIJ-DTi\JG I]41'CHLII{G,S ÐIIi]TS

TOÌ"IATI i,f E ISTI'lii"î/{STiÌiìO L, 0R

Ì,iean number per
replieate corirpleting

meta-morphosis

0"0

o"o

o,o

2"4
2.5

chemical- ) Z "3

F valu-e
l-,., uO"O.O5

L'soD"o,o1

/rctual Transformed

llotal d"f " = 59 Q9) Fo.O5 = 2"+3

lligures in parenthesis refer to d,ata
)i<8 significa.ntly differenb to con'Lrol

CO¡TTAIT{Ti\IG

Ê -sI:t0s1'.iJIiot

O "f 1*x

O "11t"','

O 
" 7f i".l'

1 "69
1 .81

1.65

ifea.n ad-ult
tteigh.i; - mg

r7t É

r\ .tc)
vo I /

o "25

316 "2
??? oJJJ ø ./

346. ó

l.iean ra.te of
weight ga.in

mg/ð.ay

(3.35)
in columns
at 0.01

oaA

10"36

10,81

F^  r = 3.\-6 (6.01 )UôU I

lL nn¡l h¡ G¡rLr- ) ê

Q "72 1"96

+
O'.



Chemieal a.clo.ed

to basic diet

TAEL¡ì XII
RrJliuLTS 0F FiluDririG H¡tr TCIitr¡iGs Dritüri ü01\T¡.rTrril\TG

DIOSGIII{Ii\T, I{ECOGIII{II\I, VäIìhT}ÌINE 2 O:it IUPII\TI}tE

Diosgenin

Ilecogenln

Veratrine
Lupinine

üontrol (no test

l4ean number per
replicate completing

metamorphosis

OrB

a)Õvo,/

1t7
o,5

chemical-) 1,\-

F va-lue
L"Sul)ur. .\rwèw)
L"s'D"o.o1

Actual TranEformed-

Total d-"f " - Lvg

ü signi-fi cantl-y
'F>i< significa-ntly

1 . oBB'¡*

1"109'r+

1"355

Q ")JO+'*

1 .316

i';lea:r adult
'¡eight - mg

!-'^ ^_ = 2.63
U. U)

d-if-ierent to eontrot
c],iff'eront to control

16.82
0.118
o ,158

.ì^O O
JlQøO

319 "g

307.7

371.9

351 ,6

it'fean rate of
r,,reight gain

mg/ð-ay

uo,o', = 3"89
at O "05
a.t 0. 01

1).27

12.38

11 "37,r
11"59)"

1\-"22

1 ,54 3 "21

|"r-\]



Chemica-l ad.d-ed

to basic d.iet

1'ÀBLE] XÏI]
F,II,SU]",TS O1¡ 1IIJ]JiDING HATÜT]LIi{GS OJ\I

DI0SGIJIIILï, FIîIC0GrJlIIi\i ? TIG0GEÌ'IIlI,

Diosgenin

Ilecogenin

Tigogenin

Ðigitonin ß'/;)

Control (no test

i4ean number per
replicate completing

metamorphosi s

0"6

^a)á"0

2.6

0"0

chemical) 2,O

F value
r'nsno'0"05
L"$"0'0.o1

./Lctual

Total d-,f, = \.9 (39) FO.o5 = 2"63

Iu'igures in parenthesis refer to d.ata
+ signi-fica.ntly dif-l'erent to control
*'F significantJ-y d.ifjierent to control

ÐIETS COI.JTÀIXI]ISG

Oii DIGI'IOlïIl,T

Transformed

1 .001 't*

1 .61 B*

1,666+*

O,71 {<+

1,t80

Mean ad-ult
r+eight - mg

11"09
0, 037

o. o5o

336 "2

339"0

316,2

1/ìf7 '1
J¿/.)

Mean rate of
r'reight gain

ng/daY

(2 "96) Fo, 
o1

in eolumns 4 and

at 0"05
at 0.01

12,70

14" 1 g'r.

12 ")9

11 "25

0'396

= 3"89 (4"60)
ri

3,93
1 .76

È
Co
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: : : : a., :.. : :.,::. :,:. :. :.:.::.',,:,..a:a::::'.. l a.t.a a., aa.r:.: )aa

'T€st',,,

cherqical
Surviva1 $"di:"lt r'reight

T >C T = C T <-C T ÞC'f ='Ç.'f ',1ü
ä9^t é, of,..tEej'glit,, ga.\:r\

m\ n 4t - ft r¡t-z¿ f1r Ì w r - u .L<_ \J

Gra¡nine
Hordenlne

sulphate
Tiyd-rasiine
hydrochloride

Ilyosc¡rilsf ns
hydrochloride

Lobel-ine sulphate
Lupinlne
Nornicoti-ne
dipicratex

Ëa-ntonÍne
Solanine'j'
Toiua"tine*
Vera.trine
-å.rbutin
ïndican
Ðigitonin {1'fi)

(3;r,),?

Ðiosgenin
iíecogenin 1

ËaPonì P*

Tigogenin 1 12

-si tosterol
Ëtigmasterol

I

17223

1

1

1

, ,r3

1p?3
12

1t2
1

1

1

1

1

1

112
2

1t213

1

1

1r3 2

I
It.t:: 

'a.:::.::: 
' ':.

. :... :,., :::..:,.,,:)

I t¿tJ1 2213

1

1t2

1

1

1

112

1r2

1;2
1

I

];,;;::,,,:.,. ..:., ,;:; ';; ,

¿l

I' : : :' . . - a :. :

1,, ,: . .'2'13

1t2

1

1

1,,

',1 '',,

,1:

1 e,,2

": 
:2..'

'.. : : .

¿

, 1,''

,'.1 ,

For ÐW chernical,
2 resu-lts from a
third ercperinent"
* che¡aícals r,¡hich
T = d-iet ,to whicii
C', =,.cónt::o1 

I die't.

1 indicates resu-lts from one exilerimen!.,
second experiroent , and J results ' fr,om' 'á,:

r.rere lethal.
test chernical l¡as added.
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are for tests:'p'erfor:aed. with solu-tions of one-tentyt :,r.-..,:::iffi
concentration or emulsions of equivalent coneentr atian;;,t..1:..;:,,.4&çurlçerlþ-raul{Jr.t çr e{ouJ-sl-ons oI eoaü]-valenf Coneentfati,on;;:;,::;,:ílliíi

a ., . , .,., :

concenfration irras vari ed- in a snarl number of tests ,Ð;u1J,t:r,,r:,al!

:l

had- little effect on res,,rtts obtained and* this tiotei-,;tlA;2ffi
' :: l' ' ' : 'not further investigateci.,

'::,t:...1:aa::.;i:;:;.i:).::;

,:. : ,, 

¡.:;; -.,.,.:,..:,ää!l/i.:li,iíl:.
Figur'e 3i conpares effects of test cnemieal'¿'¿ø',',.:'ttií:i,ilil,i ,,l, t

drinlcing response ir¡ith their ef,fects on surviva-t 
".càiø,1É,ti,ilitiLfj

/.. \(ii) Ð:i-seussiono ïn d.iseu-ssing tirese d.ata it has..neç#i!,!filá

postulated that ntost' ciremicals idricie red,ueed survj-vat: t øi¡;!:1iiffi
'v'Íere toxic in g::outh experinents rn¡ould.r olr teleological '

ground"s t be repellent io tioe insect , tlTTereas most of tÎoaà'il,iíí,:!
.

trnich stinulated- or d-ic1 not affect surviv¿l rrrould not :uiøt.,::-:l':i,;:;i

.Il {¡ o . . ..,.,:...,,...,,. :::.::l:,1.,:l:7E#
, 

:,,.,,.,.,,. ; ; : :;;;1 1i¡1;i;/¡!,,111¡,1

'lîigure 3t inoicates that resut ts of e::i:eri:nenti . . ,a|
li:Lt:;:¿..,i:,1'with f':i ve cir.--mical s 2 (grurnine 1 arbu-tj-n, ff-sitost uro1} ;,!øijffiffi

:. . ;:.. ::,'. :ala.::.::.,:a:a;:::4,1.:.1:;..4,::

ancl- C,igi-r,onin) ? líere i-n accord ir¡ith this ir;,pothesis, results. ,

witn four ch.emical-s ( sa¡tonine r lu-p; nins, hydra.sti_ne,

chlorid-ee and veratrine)e 1"rêT€ inconclu_sive either in
gror'rth experiiaenis or in these 'cestsl and that results
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four chemicals, (iobeline sulphate, hord.enine sulphate,

hyoscannine hyd.rocnlorid-e, and" sa.ponln) 7; \;íQ-.të inconsistent

r.¡ith tire hypothesis", Of the latter trou-pe sapooin is the

only ciremical r,¡brich is not a salt" Solu-iions of ino-rga.r-i-c

salts ha.ve been reported to stimulate Specia] sensory

neurons in d.iptera (Ilod.Sson 1958) " If' neurons T,',Thic¡1 a"Te

particularly sensiiive to salts occu-r on the distal segälents

of the palps of Ì"i. bivittatus then u-nexpected repellent

effec'Ls observed" in these tests may have been d.ue to the

chenicals being tested. as salts and not to any property

inherent in the parent a-lkaloid.

The f eeding behaviou-r of iil" bivi-b'E-atu-s- r^ias i nvest-tgated

more thoroughly i-n feecling prefe::ence e)CperilnetttS. These

experiinents are discussed in the next sectiofi"

(b) Feed-ine r¡refei:ei¿qe e;cperine.ntL; "

(i) 1qes¡J-lts" Photogra-phs of pori;íons of r"¡a-fers

unea.ten after three d.ays exposure to fifth-instar nynphs

of U" þj-Ë-a!u¡. are shor'rn in Figu-res 32 to 43' Feed'ing

r¡râ,S evid-ent on all t¡a.fers excepi throse containing lobeline

su_lphate or nornicotine d.ipicrate (FÍgs. 37t 4O)" Both

these cl:einicals belong to tire ;oyridine group of a-'lka-lcid-s

(Henry 1 949 ).

linnlv.sì-s of CLa.taL'Ltvù.] v '

of lta.fers indicated- that

on tne volu:¡es of u-neaten portions

eitner equal feed-ing occu-rred- on
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r.,¡a.fers containing e, test cheinical and on r,¡afers of control

d"iet z oT feed-ing r,ras significantly less on r,¡afers containing

a test cheniicaI. irC-di'uion of a- test chernlcal never resulted,

in significa.ntly nore feed.ing (Ta'nl-e KVI),

Figure 44 conpares d.ata from feed.ing nreference

erperi-ments ',¡itir data- on survival and. rate of 'rreight gain

obtained- in gror'lth experiiaerr.ts"

(if ) Discussion" Tabl-e XVf indicates that

S. bivittatus exercises roarked. d-iscriinination in selection

of fooC.. .rl¡:proximately nalf the test chemica-ls significantly
redu-ced- feeding l,rhil-e the re¡nainder had no effect on feed-ing

behaviour, These effects su-ggest that this insec'b possesses

sensor]/ receptors capable of ;oercelving at lea-st those

chemicals ruhicir red-u-ced feed,i ng "

Feeding, r,ihich ranged from slight nibbling to ma-rkeC"

feed-inge couifd be CLetected- on practically all diets

coniaining a test ehenica.l (Figs. 32 to 43).. This ind-icates

the-t d-etection of a cnernical which red-uces feed.ing is

associatecl- i¿iiir biting. Iience sensory receptors nay be

located- on ihe mouthpa.rts or within '{:he burccal ca.vity'

Results of 'bests on inhibition of d.rlnking response suggest

that sone sensorlr receptors are loca'ted- on the distal

segments of tne me.xilla.ry and- labla-l ;oalps''



76
From a behaviou-ral aspect plant chenicals Tnay

constitute feeding sti-mulantse (r,¡hich i-nerease feed.ing by

a- phytophagous insect)e they may irave no effeet on feed-ing

behavlour, or they may be feed.ing inhlbitors, (r,¡hich decrease

feeding by phytophagous insects) "

Ii: feeding preference ex;oeriments none of the ti'renty

test chemicals resufted. in greater feeding on treated. than

on control l+afers, Ilor.rever approxirnately half the chemicals

resulted- in no significant d"ifference 1n feed-ing on t-¡'eated

and on control wafers, and approximatel-y half resulted in
l-esser feeding on treated than on control r¿afers (Table XVI)'

Control rrrafers contained tr,,¡o lcnol¡n feeding stirnulants for

irf. bivittatus, sucrose (Thorsteinson 196Oa) and lecithin
(Tlr.orsteinson and lilayar 1963)? and- hence, add"ition of

approxlmately half the test cnemicals to wafers of a d.iet

containing feed.ing stiinulants resulted in it being non-'

preferred when compared. l'¡ith wafers of control diet' These

chemicals, grami-ne, hordenine sulphate, hyoscyamine

hyd-rochlorid-e, lobeline sulphate, veratriner lupinine,

diosigeninr digitonin, and- nornicotine dipicrate2 should

be regaroed as feed-ing iniribitors for $" bivittalus'

Interpretations of the effects of test ehemicals

on the feeding behaviour of 1'{' bivitta-tUg from data on

feeding preference experiments and- from data on d-rinking

respon5e testS are in substantial agreement' I]or'rever,

graitine, lupinine, and. indiean inhibited drinking by

adul1,s but did not prevent feeding by fifth-instar nymphs'



77

TåBI]T iV

I ll¡i1 EI Tr ûi'.T CI,ti ÐF,rl{KITilG F'E$FtTf $E li'fîlflii ti{81{I c},LË
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l{umber of insects

Test
chêmicaL

Responding
to r'¡ater

Response to
r^¡ater

inhibited
by chemieal

Qu-artile
distributioB
of inlribition

o-25 26-75 76-100

Gramine#

Hordenine
sulPhate

Ilydrastine
hyd.rochl oride

Tlyoscya-mine
hydrochloride

Lobeline
sulphate

tupinine

Santonine
'Veratrine

trbutin
ïnd-ican

Digitonin

[ia-poninrt'

6 -si'Loste::o1

10

10 +

o

B

13

+

'.1-

+

+

nO

1B

10

1g

o

Y

30

o

10

10

20

15

B

¿

1
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a
¿-

7

9

0

1

+

a

+
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+

ilesults for all ciremicals, except

1 /1OIl solutionseor enrul-sions of

those ma.rked rF, aïe for

equivalent concentration.
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Flg'31.-Çomparisonofeffectsoftestchernleals
on drinklng response and on survfval (Aata from

gr"ovtl'r exPer fnettt s)"

s salts of these ehemieal-s 1{er€ used in all- expÊrlmentg"

f * dlet ta whieh test che,nlcal was added

C = contrôl dlet"



,1ig, 32"-" rortions of r¿afers no-r, eater: in pr:eference
expe::j-:r.ents" l;'eecring on vafers conta-.i-ning arbu-'l,j-n (A) I;íâs

not si_rt¡:i-ficantty ctifierent to feedin¡; on control l;afers (ü)
Feerrii:: c,r. .,;a.f û-r:s COnta-ining ir)roSc-¡-arai ne hyd,rOeirl6¡i¿s (i.ly¡
i¡as significa-ntly l.ess than on control lgafers"
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Fig. 33"* Poriíons of ",¡afers not ee-ten in
erperir¡ients. iieetlÍng on l-iafers conta'ì ning
r'¡a-s not significantl;r Cifi'erent to feed,ing
wafers (ú). Feecring çn i+afers containing
signií- l cantl -y le s s tna-;'i on coitrol- r+af er s "

preference
sii3nasterol (*t)
on eontrol

l .. \lref'a-0rrïìe I v,) ties



.li3. 34,- Fortions of r,¡afers not eaten in
experj;rients, Feec"ing on i,+afers containing
gra:nine (G) or hordenine sillphate (H) r..¡âs

less tha-n on controf i'¡afers (ü)"

preference
either

signif,ícantly



i¡ig" 3r,^ Fortions of lrrafers not ea-ten in preference
e:¡per"ilrents. Feecl-ing on t'¡afers containing eifher
lu;oinine (t) or d"iosgenin (Ð) 1'íes significa"ntly less than
f e r:o"ing on con.'¡ral- i,¡a"f er s ( ü ) "



Fig. 36 ,- iro::tions of r,,¡afers not eaten in preference
eii;erÍ.r:e¡,'Ls.,leer-:in3 on i'¡afers containing either
lobeline su-lphate (to) or digitonin (Di) ?ras significanil"./
less tha.n on eontrol- r.',;afers (C)"



.Èig, 37 .* Fortions of
cxuerj-;-rcnts. -îee<'"in3
T¡iâs r:ot si¡inif ic a,nt]-;y

r^¡afe:rs not eaien in
o¡r r,',¡afers containing
ði:'¡" exeriL to feeCing

Êt'-

preference
saponin (s)
on eonirol (ü)"
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Iíg, 38 ,* Fortions of
experi ,len1,s. ie ecr ing
lras no'ù significa"ntly

â /^\l,IAters (u.1 .

eaien in profeïence
containing toirratine (T)

to feec,ing on control

i^¡afers not
cn v¡afers
d-if-îerent



Fig, 39"- Porti-ons of r¿aíers not eaten in preference
e:ri¡eri ments . Feec ing on r,¡af er s containing toliat j-ne ( T )

r+a"s not significantl,v C.ifiierent io feeðing on control (ç)
waf ers. Íeei' î::g o:-r i'r¿rf ers containing nornieoti-ne
ii,ipicrate (i'l) i'ras significan.bly Jess than on control
$afers,



Fig, 40 "- Forti-ons of l¡a.fers not eaten i.n preference
eX¡:eriarei'Its, ileed"ing on r'¡afers containing either solanine
(So) ol: tigogenin (Ti) vas not significantl-y d-ifi'erent to
feed-ing on control wa-fers (C)"



î:',g.41 ,* Portlons of nafers noi eaten in preference
exi:eri-i:ients, Feecìing on çaíers containing santonine (Sia)

r¡as not significa.ntly differen'b to feeciing on control
i.¡af ers (O ) ,



îj-g. 42,* Porblons of i+a.fers not eaten in preference

experiltents" feeaing on l,¿aferS con'tainiug either indican (I)
or hycLra-stine hyorochloride (ä) r¡ias noi significantly oifferent
'co f e erJ ir:g oi"] cont¡:ol- t+af er s ( C ) '



Fig. L.3 "* Fortions of wafers not eaten in preference
experi*ents" Feeúi-r,:.g on x','afers containing either
F*sltostero.l (¡ts) or hecogenin ilie) r^¡a-s not significantly
differeni to feeriing on control rEafers (C)"
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TABTE XVI

I:.ESULTS CIF F.E]iDI"i\iG FFiEFEFIE1.ICE TXPEFiI}'EJTTS 
"

COI4PA.Iì.ISOJ';I O¡- ?ìEL,II.TIVE ¿.I4OUI,ITS OF F?JEDIJI.ÍG

Oi\T T.LiEATEJD AI'ID COIITROI iÏÅFE}-iS

Chernical s r¡¡ith i¡hich feeding
on treated wafers was not
significantly d.ifferent to
feed-ing on control tr¡a.fers

Cheilieals with i+hich
feed-ing on treated
r.laf er s l^ras signiflcantly
less than on control P

vraf er s value

-å.rbutin

ilecogenin

Hydra.stine hydrochlorid-e

Indican

Santonine

Saponinü

Sol-anineilj

p- sitosterol

Stignasterol

Tigogenin
tlÏorîatl-ne;i

Diosgenin
.l!

Ul-$J- loi'l1nÌíi;

Gra:rine

ll'iordenine sulphate

liyo s cya:line
hydrochlorld-e

Lobeline sulphate

Luirini.ne

i{ornlcotine
_a

0-Ipl- cTÐ-T'e-tr

Veratrine

0"01

x

o"o25

o,o25

c,o25

o,Qo5

o"oo5

o" 001

o "05

x data for' statlstleal analYSSS r'¡ere not ava-ilab'i e as tire
r¡afers o-islntegratecl r'rhen placed in tlater'
lf in feeciing experiments tnese cirenical-s l¡ere lethal.
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IIÏ* ÐTËCUSËTO1iî OF' liFFË]CTg OF TEST ÜIîEÞIÏCÂT,$ OT{: DEVELOPl¡iffi{T

AT'íÐ ËURVTVAI REL,q.TÏVE TO FEEDTJ}TG ËEHS"VÏOIIB

0n the basis of feeaing behaviou-r of l"Í, bivittatuçr
test chemicals l¡ere divioed lnto tt¡o approximateTy equaT

groups. The ehe'micals in one groltp, did not affect feeding

behaviour, whereas those in the. second. group reduced-

f eed.ing "

Test, chemicals in the groitp r,¡hich did not affect

feeding behaviour rr¡ould. not be expected z orr teleologicatr

groundsr to affect survival. This expectation r+as fulfilled
by six, and" possibly seven test chemicals' llo.weve? this
group includes chemical-s l^Ihich reduced survivalT (índ-ican

and- possibly santonine)e and rrrhich were 1etha12 (saponin,

solanine 1 ê.rrÕ. tomatine) (nig" +4)", Unmitigated feed.ing

by I'J. bjqit!_at]¿s on d-iets containing chemica'l s lthieh reduce

survivalr or are lethaf , rvould jeo,oardise continued survival

of the species. However the species is a major pest trthich

freo¡rently attains high populations (Mltel:ener 1956) -

Lack of discrimination against d-iets contaj-ning these toxic

chemj-cals lndieates the insect either avoid-s feeding on

plants containing them because of some concomi-tant repel}ent

or inhibitory property t or throughou-t its evolutj-onary

hlstory the insect has eneountered- tirese plants

infrequently and henee appropriate selection pressu-res

have not been operative, and tÌre inseet has not d.eveloped-

the ability to discriminate against plants containing these

toxins,
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Ti.rro.-thirds of test chemicals in the group i,rhich

red.uced- feedlng in preference experiments did not a-ffect

survival" 0f these, two red-uced ra.te of t'ieight gain.

Henee approximate'ly inal-f the test chemicals in this group

1,rere teleologica.lly misplaced* By discriroinating against

d-iets contai-ning these chemicals the inseet rnras un-

necessarily avoid.ing food sources which are nu-tritionally

satisfactory and without toxie effects'

Da.ta on the physiological effeets of steroid- chemicals

on phytophagous insects r,rlere revietred. in a previou-s section'

fn sutmarye a particular sterol. may itself fulfill eornpletely

the sterol requirements of an insectr or Ít may have a

sparing effect on alL essential- sterofr or it may not fu1fil1

any metabolic function' lviany of the steroids investigated

r,irere toxica soile l'Íere lethal.

Â wid-e range of steroid-s occu-r in plants in a great

variety of combinations (Bergmann 1953, Fleftinan 1963),

In vier,¡ of the effects of cheinicals in this grou'p on

survival and. growth of insects it is reasonable to postulate

a mechanism of lnsect-food plant assoeiation based on

oecurerlee of steroids in plants and their u.tili zabil|ty

byr or toxicity to, insects" Data presented- for

iri" bivittatus- fecl synth.etic diet to whieh a range of these

cheillcals 1'rere added- support this hypo-thesis*
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These laboratory expe::lments suppori observa-tions

rnade j-n the field- by various r'¡orkers (see revier+ of literatu-re)

that i{e]anppÀUs spp, feed on a m¡mber of plantse bu-t not

on al-t plants, witÌrin their geographic rangeo

It is conceivable that a nethod of combatting insect

pests iaay be tire development of varietj-es containlng

chemieals which, while innocuou-s to tire consrlner, r"rilI

reduce feeding by insects. For exa-mple, if nymphs of

U. biVittatus hatchecl in an extensive field of a barley

variety higtr in hord-enine or gra-minee preferential feed'ing

on r+eeds lfould be expected, however if tire field" r¡ras roeed

free, feeding on barley and" nornal growth by the inseet inay

be expeeted.. Th.is example al-so: illu-strates the necessity

of conducting not only behavioural experinrents, for examÞle,

feeding preference experimentse but also experiments on

metabolie effects of plant eheilieals in order to gain arr

understanding of their true roles in feedÍng by phytophagous

insects *

Tirese data are not consistent with expectations of easy

suecess in d-evelopment of resistant Varietj-es' IIot^tever,

a crop tÌr.at is less palatable to grasshoppers than ireed

plants may possess an econornically desirable attribute'



Ci{ÂPTEiì V

SUÌ'O,ÎARY

In this stu-dy the effects of trienty chemicals of
plant orign on the su-rvival, d-evelopment 2 and. f eeding

behaviour of an i-nsect, I:!ç:1ano-pl-us biVitta*tus (,Say)r,whieh

feeCs on a. botanically dlverse range of plants lrere

investigatecl. Sone r,'¡orkers have postulated that plant

chenica"ls, su-ch as those employed in this investigation,

are in:portant in d-etermining insect-host plant assoeiations"

In gror,,'th ex;oeriments hatchlings i'¡ere fed- chemically

defined synthetic diets to v¡hich test ehemicals were ad-ded..

Survival, rate of d-evelopment, ancl trieight of insects fed-

diets containing a test chemica-l, hlere compareC with clata

for i-nsects fed- control d.iet,

Feed-ing behaviour i'",âs investigated in tr^¡o series of

experimeitts" fn one seri-es inhibition of C.rinking response

by solu-'bions or emulsions of a test chemica!, when applied

to tire palps of aC.ult grasshoppers, l'¡as regarcled as a.n

indication of the effect of the chemical on feeding behavj-ou-r

of the lnsect"

fn a second- seri-es of exTreriments feeding preferenees

of fifth-lnstar nymplts \rlere investigated." Amounts of feed.ing

on d-iets containing test chemical s rüere compared ir¡ith amounts
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of feeding oil control diets, Relatively less feecring on

treated. d"ì et was regarcLed as inc,icati-rrg that a chemica.l-

l"ras a. feeding inhibitor for ]'i" biv_ibtatus"

In groii;th experimen'6se the steroids, tigogenin and-

possibly hecogenin, tr,rêîê the only chernicals r.¡hich increased-

survival" These chemlcal-s increased rate of ivei-ght gain

bu.t did. not affect ao-ult r+eight"

Twel-ve cheni-cals, grailine, hordenine sulphate,

hyoscyarnine l:ydrochl orid-e: Iu-pinine 7 santonine, arbutin,
d-igitonin (1i¿) t p-sitosterof , stigmastero] , hydrastine

hyclrochloride, lobeline sul-pha.tee ând- veratrine, had no

effect on surviva.l" Gramine and cligitonin (lr:ó) l,iere the

only chemica-ls i+hich reil,ucecl adu-lt r.,,eight" No chemicals

increased- ad.ult vreighi" Hydrast-ine ]:yd-rochloricle, lobeline
sulphate, and. veratrine l.Íere the only chenical_s r¡hich

red-u-ced- rate of weight gain.

IndÍcan and iljosgeitin: and posslbly santonine,

hecogenin and lupinlne, red-uced. survival_" The effects of
lupinine on ad.ult i^reighi and rate of weignt gain l¡ere

inconclu-sive" Thre other fou-r cherlicals had no effect oi.L

rueight or o.¿eral l yate of i+eíght gain.

Five chearicals, nornicotine dipicrate, solanine,

tonatine, c-igitonin (3i'/r), a-nd- sa.ponin, I,rere l-ethal-.
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Êesul-ts of d.rinking resDonse ani feeding preference

e>tperii-oents ino-icatedi tha"t app.r:oxirnaleiy nal-f ihe test cirenica'l s

i:ra-ci. no eiiec'c on f eed-ing beha.vi ou-r: and ailp::o:linaiely hal f

rec.ucecì. feed,ing. ì'ione of tne cle¡nical-s ìncreaseA feeding.

Three cheinica.lsr saponin, soli.ninee a-nd- tomatine, r+hich

liere l-ethal i-n gi:oi;bh erperiinents aid" iro-b afiec'c feed-ing

benavj-our in prefeueiLce experimell'cso iack of C"iscrinination

against lethal c,hemicalse anC. against otirer less toxic chemiualst

i\ras ieleologica11;' unexpected-'

Approxirira.'cely one-quarter of' the iest chemicals d-id.

not afiect su-rvival or develollment, but redueed feed-ing ín

preference e>cperiments. By discriminating against d.iets

conta-ining these chenicals the insect l,ias urulecessarily

avoid"ing food sor-lrceS i.;hich are nuii:itiorrally satisfa-ctory

anci without to:ric effects"

Å11 insects requ-ire a ð-,-eta-xy soulrce of a nutrltionally

ad-eci;uate sterol, Fcr phy'cophagous însects, 'cnis neeci- must

be suppl-ied. by fooci plants, Teleologica-lly insect food- plants

shoutd contain an aaequate su,pply of a nutritionally saiisfactory

sterol but shoutd not contain sterols or steroid-s toxic to

ínsects. There e;rists a l,ricre ranSe oÍ plant steroicLs and the

steroid. conien'c of inoivid-ua]- pi-ant species varies considerably,

lieircerprobably only a- resì,.ricted. Tange of pla.nts can supply

the sterol reo,uireiaents of a perticu-l-ar insect species. Other

j?'la_nts may noi suppJ-y the insect's sierol rs6¿irenents or may

coritain toxic steroid.s" The occu-renee of nut::itiona'l'ìy

ac.equate steroids, non-util-izable steroiose aocl. toxic steroids

has been ,oostu_tated- as a basis of insect-host pl-ant a-ssociaiions'
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APPE1IDIX I

A LIST 0F CIIEI'4ICALS F.gCOP.D!D r¡ItOl'f PIAI\TTS

CC}IGEI{EF.IC tiITi{ PIAIfTS OCCURI}TG Ì,TIT}ìII\T,

OF I{. BIVITTÁ.TUS

ûCCUnïi{G 1'''rI TIII}1, 0R

Ti]S GEOGF.JI,Fi{IC RANGE

Chemical
Species from
whlch the
chemical has
been recorded.

Food plants of
U" bivittqÞus Eeferences
or congeneric
with foocl plants

A.L-¡(ALÛIDS;

Gramine

Flord enine

Ilydra.stine

llyoscyamine

IIorLeum jubatuln

H. nod.osum

I{. ln;feare

And.ropoqon sorghum

Panicr:m mili-aeeum

Hordeurn murinum

H,. vulea"qç

l'iydrasti s canadensi s*

liyoscyaraus albus

g, muticus

n. reticulgtus

Il" nlgeg

Ðaipga quercifolia

D" rûel_çlo.id-eê

lJ. mete]-

D" fast}osa

D" arborea.

Ð. alba

nOn^(1<s9Y1z

3

7rB13z5

7#181315
naî2((9./)e?J2,/

729)B1312

¿

1/l
)9¿

312

312

eLJg'

312
.l/l
Jl¿

)l¿

ac

)z¿

3t2



Cireiai cal
Species from
r,¡hlch the
chemical has
been record-ed

Food- plants of
li. bivittatus
or congeneric
r'¡ith food plants

Feferences

Hyoscyamine

Lobeline

lupinine

N.icoti ne

idorni-cotine

.Santonine

Solanine

Toma"tine

Veratrine

GLUCOSID¡I$ ¡

¡lrburin

Datura stra:'noni-u-in

l,obelia u-rçns-

L" infl-ata

L, slrphilrtica
L. erinu-g

L. card-i-nal-i s

L" s-%s-s-t-1¿gf-aa-a

Luirinus l-uteus.

L. n-iger

I.". Pal-m€r-L

Àscle-pias s--r'riace

A, syriaçe¡- ?

Sed-um g_cre.

Artemi si-a ina.ri tirna

Éjolanu{l nisru¡i

S, dulcamara

S. Ircoi¡ersiçi:m
g. tuberosum

g' l:vcoBçitgi clltq

Schoenocaul-on off i cinale

@uv-a-ursi
'i/.a 

c c Lnum ma qr.' oqêIiLqn

y" myrtillus

+

T

+

*

+

{-

Js¿

315

315,2

3t5

315

315

312
O.r^a9J1a

oeJlz

Õ151¿

1 13,.2

)a
J)L

'ìôJl¿

7,Br\
316rz

31615

l¡wg¿

61214

l+

+

'r ),J,T

aLrJ9'

3rh

+

+

+



Chemica.l
Species fron
i,¡hicn tire
chemical has
been recorcled.

þ'ood plants of
i'Í, bivitiatus Fieferences
or congene.r:ie
r¡rith food" plants

Tnd-ican

STEIìOL,9 t

(l - sitosterol

Stignasterol

,SAP0¡IINS or

,S.å.POGtrIITINS ;

Digitonin

Diosgeni-n

I'iecogenin

Saponin

Tigogenin

PoI ]rponum linctofu-,a +

T

L

liidely distribu-ted

',,'iidel-y di str i bu-ted

i,'i id-ely d,í stributed" "

selected as read"ily

of the group,

Ðieitalis purplrrea *

Diosç_eË-e_a= spp. +

"{gave s;op. >i<

Ouillaia saoonaria

Itis:!Élå lênata Yr

nar)-:,t)./9)9 |

The fol lol.¡ing .l.lere

available representatives

4

),T

+

+

4

4

4< indicates genera and- species not reeord-ed r.¡ithin

the range of iyj. biultla;Lus "
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