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The feeding behaviour of the first instar nyrnph of the cleaz'-

r^rÍnged grasshopper kgg}g !4lpiqg (Scudd.er.) reveals i;hat chenical

stinulÍ, pri:narily gusi;atoryr pla]' a d.omj¡rant role i-n regulating feeding

behavÍour as observed i¡ the field. Variou-s plantso ruhich were reported.

to be accepiable to Q. ællugigg, l.,¡ere extrac-bed, and,. these extracts

v¡ere found i;o be pa]atable" Using chromatog::aphic techniques, particular-

ly atbractive fractions of Lee wheat were isolated. and- some constiiuents

of t'hese fractions r^¡ere identified. Pure chemìcals l.¡ere then u-sed i¡r an

attenpi to duplicate these resu-l-ts. 0f these, the foll_oliing elicited

varyiag d.egrees of restrnnse when tested singly: o( -a'laniner -f, 
-areirlo

butyric acicl, L-asparagine, L-aspartie acid, L-cystine, glyci:re, hydrorry-

L-proliner L-ser5-ne and D-sucrose. The arnino acícls trrere active at

lor'rec'concentrations bu-r, did not elici'i; as strong a feeding response as

did- sucrose.

The conibj¡ra-bion of the pure chemicals - alanine, serine and

.\'-aniao buty'ric acid, r,¡hich had- been ioentified i¡ a palatable fraction

of r'¡ireat erbract, resulted ín a synergistic effect. Sun¡:ation occurred.



wÌren this combi¡ation was tested r+i.th the adciition of sucrose"

There was a general decu-ne in palatabii-ity at highest

concen'brations. This rças also observed in the choice tesis involving

0"02 and 0"5 lublar sucrose, of these tr.¡o the higher concentration

(0.5 Molar) ,¡as rejected. Houever, an anonaly existed in the choice

i:ests involving 0.02 and 0.5 Molar fructose, in that preferenee \.Ias

shoun for the higher concentraiion (0.5). In ehoice tes-r,s l¡etween

suerose and fructoser comparS:rg 0"02 molar so}-ition of each, a preferenee

was shor^m for sucrose,

AlL chemieals and exiraets were presenteci on an ingestible

substrate eonsisii:rg of Japanese elder pÍth discs of unifoi:rn diameter

and thickness, These wer"e presented in a dr5r, brittle state and it v¡as

fowrd that feedi-ng was not enhanced by moistening the discs.
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That t+hich the paSmerr+orm hath left hath the locust eaten;
and that which the locust hath left hath the cankertroïm eaten;
and. that v¡hich the canl:,erworm hath left hath the caterpillar
eaten,

Joel 1:4

This display of distinci food preferences by insects tras

observed during Biblical times, but the impact of vegetation as food

and the mechanisms through r.¡hich it operates in the ecologl of irsects,

r,¡as not unclerstood. until more recen'r, times.

Pfadt (D+q) siressed. the significani ro].e pla¡'ed by varj-ous

species of food plants 5n reg'ulating bo'r,h diet and quantíty eaten by

grasshoppers" Hé observed that grasshoppers were attracted equally to

preferred and unpreferrecl Þlants, holiever, oni_y biting on a preferred

plant resulted Ín feedíng. He suggested that this differentj.al feeCÍ:rg

had a chemoiactic basis"

]¡ITRODÜCTTOl[

The present study r,¡as undertaken to explore some of the

stimulío which appear to be chemotactic and primarily gustatory,

goverrai-ng the host plant relationship of grasshoppers,



Studies of ihe effect of vegetation on grasshopper dj-stri-

bution has had two emphasis, One view has stressed. the physieal

requirements and ihe nodifying effect of vegetatÍon on the nícroclimate:

presented by strohecker (t937) " urquhart (194f) and cantrall (19/*3),

The other vi_er,r r^¡as presented by ?fadt (tgdg). He felt that

the differential in the abunclance of grasshoppers is due irt part to the

variatíon j¡ the nutritive values of plants and the difference jn the

quantities eaten" He stressed the latter prticularly, because of the

posi-tive correlation he forind. betr+een food preference on the one hando

and survival, grouth and egg production on the other.

Ball (1936) reported that many grasshoppers were monophagous

or olígophagous. Isley (fg¡S) recognized the importance of various

food. plants in the dis'i;ribution of nany species of grasshoppersc

Differential feeding of grasshoppers was studied b¡r Brnnson

and Sajnter (1938), Sinith (L%9), Jacobson and Farstad (I94f ), t{c¡ean

(19l-8), an<1 nisra (tgSO) 
"

The differential effect of various species of plants on

fecundity, developm.ent and survival was reIþrtec1 by Drake g! al, (lglrS),

hnett (tç+l), smÍth, Hand-ford and Rrtnan (rg52), Barnes (]:g.j), pÍckford

(rg¡S) and Misra (1956) 
"

The above studies reveal, (a) ttrat the absence of proper food

plants nay be a limiting factor jn the distributj-on of grasshoppers,

and (b) that nany grasshoppers e.g. Irrelanoplu€ qg{¿,cgngs (Sauss.) and

Camry=la peEuciLþ (Scudd..) r^rhich lrere considered general feeders shol¡

Revíer^r of the Literature

20
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predilections and are selective j:: their feeding behaviour, and (c)

that food selectj-on nay be based on taste.

The gustatory influence of plant constituents '¿as shor,rn j¡i a

nu¡rber of studies as reviewed. by Dethier (lg+l) Qgn) ancl Thorsteinson

(agfi) (rei6) (1e60) 
"

fn l9O5 Grevjl-lius forind iha'i; larvae of E4fggtis cblysorr"hqeg

(t) cou-lo be ind-uced to feed on plants other than its host, the ehick-

weed flle11aria, when these trere covered r,¡ith a paste contai:ri::g a

constiiuent of chick r^reed.

Ïn 1910 Verschaffelt observed that the range of acceptable

host plants for the larvae of Píerie rapae (L.) and p. blassjisgs (L,)

v¡as related to the distribution of the mustard oi1 glucosides among

plants,

Tn 1936 Raucourt ancì. f!'6uyelot r+orking with Leptjnotglsg

Égceg!¿neglg (Say) tested the palatability of potato extracts in an

atternpt to isolate the constituents that induce feeding on the host.

They shol"ed that consumption of leaves Ìras proportional to the coilcefl-

tra'bion of an r¡ridentifj.ed substance. Chauvin (f945) (f952) 5mprorred

on their methods for testing plant extract palatabiJity ancl isolated an

at-r,ractive fraction.

Dethier (Lg/rf) for:nd that the feed5ng of papilio spp. was

profoundJ-y influenced by essential oils.
Thors-,"einson (1953) studied the chemotactie basis of the host

specificity of the diamondback moth ?tuþ19 ggg_ul,¿lenglE (Curt.) and

!" blas*sire (L.). He extendecl the experimenis of Verschaffelt (1910)



/+'

and refined hís tecirniquesr making possible an ana'lysis of the fac.i;ors

i:rvolved..

The chemotac-bic significance of biologically Ímportan.i;

saccharides and thei:: importanee 5rr regulating feeding is r,rel] lflo.i,m

in many ínsects (see Ðe-bhier (tglrz) (rgsÐ ), Hor,rever, the gusta.Lory

effeci of organic nitrogen comÐoiirlds has been less exteirsive!-y reported,

and -Lhe i:rfluence of the ami¡o acids in particular has had relai;ively

litile support.

The effect of amino acids o¡r feedi¡g lras investigated by von

Friseh (rg;o) (l%Ð, Thorpe g! al, (tg+z), slcaife (wril and Beck and

Hanec (rç¡S).

Thoqpe et a], (tglrZ) and Cr.ombie and. Ðarrair (tç+Z), for:nd

that subs-bances present in food planis elicit tr+o responses in r¿ire-

worms Agrio'r,eE spp.i aggrega-bion and biting. lIj-reuorms reaci; to

eheni.eals borrre i¡r the soil r,¡a'ber but d.o nor! react to atmospheric odourn

Aspartic acid, asparaginer glutamic acid and glu-barai¡e elicited
aggregation, whereas b5-ting r,¡as evoked by fats ancl polypeptides. Sugars

alone eli-cited both aggregatS-on and biting,

eeet (r95óa) (tgf6c) found the larvae of lyrel¿Ëtq nubilalÍs
(gu¡n.) l+ere very sensiiive to sugars, and. tha'b the oríentation of the

insect was j-nfluenced by the coneentratioi: of sugar ',¡ithin the tissues

of the corn plant. Beck (1956b) reported a bjmoclal response to glucosen

suc?ose and fructose.

Thorstejnson and lrocter+, studying the feed.i:rg behaviou¡ of

Í," decei¡lj¡egt-a found that the larvae responded r^¡etl to 0.1 iuiolar sucrose.

+ unpublished daia
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lbuci;osen hor.lever, l¡as refused at all concen-,,raiions, They founcl that

alani¡e and f -am5lo butyric acid stimulated feeding ai 0"004 Molar

concentra'bion.

Beck and Hanec (fgfg) siroired that the feeding duration of the

European corn borer r¡Ias increased. by ami:ro acid.s, notably L-alaninet

Di- c( -amjno-n-butyric acid, L-serine and l-threoniite. A negative effec'b

on feeding was shorun by L-iryptophane, L-argininerp- alaníne.

Thorsieinson and. Jay+ found thab D-g1ucose, Ð-fructose,

D-maltose, D-galactose, I,.i-nositol, Melibiose, and D-raffi¡ose elicited

excellent feeding responses from @mnuIa pel-l-uglda (Scudde::).

Thorsteinson (1958) r^rorking with 9,hgf:!lÀiæpgÊ lgngicornis

(Latreille) reported on the feeding response to asparagine, betainet

monosodiu¡n glu'bamate and 'bo so¡re water soluble vitamj¡rs.

Maltais and Auclaiy (IgS7) siated that varieties of cu-ltivated

peas susceptible to tire pea aphíd cont'ained more nitrogen and less sugar

than resis'fant varieties.

Auclair, lvfaltais ancl Cartiev (t951) reported that susceptible

varieties of cultivated peas contaj:red a higher conceniration of free

and i;oial amino acids than did resis-bant varie'bies. they sugges'b that

lo¡¡er concentration of ami¡o acid.s i¡ resistani varieties affecied the

rate of growth and reprodu-ction adverselyo Iri vieu of r^¡hat is lmorrn of

the gustatory effects of amj¡o acids the above sug¡1es-t,s tha'Û preference

may be operati.ng"

An examj:ra-t ion of the literature on i¡rsect feedil'Ìg behaviour

leads us to conclude that insec'bs possess sensitive receptors capable

+ unpublished data



of delicate discrimi¡ation among a dj-verse

reac-bions to these substances both pure and

understand food seleciion as tie observe Ít

array of subs',,anceso The

conpound. enables us to

i¡ nature,

6.



This siudy is baseci on the premise, r.rhich is supl:orted by

observation in the case of i;he grasshopper and by exper5-uen-i;s j:r the

case of various insects eeg. lrÍreworns, tha-t, feeding behavj.our can be

interpreted. in ¿t erms of chemotae'bically ae'bive constituents of Íood

plan',,s" Therefore j¡ our investigation of gustatory behaviour both

ertracts of plant material and pure chenicals r¿hich are lmown to be

presen'o irr plants, tr{ere subjected to testing.

ïnsect

Ce@g pellu.ciclg (Scudd.) was r-rtilized" j¡r a1l tests. Tn

su-rvey tests involving extracts of various species of grasses and. i,reeds,

the responses of it{e_l-anoplus mexacgr}g5 (Sauss,) and l"felanoplgÞ bivi_t'ltalUg

(Say) r+ere also studied, but the latber resu]-i,s r^¡ill no'i; be re;oorted- here"

9,. pellucidg (Sci-r.dd.) r:nclergoes diapause i^rhile in the egg stage"

To promoie the resurnp'r,ion of develofxnent¡ cold ireatment is required.

Puì;nam+ (j9rc¡ suggested tha'r, ì;he eggs be stored at dOoF. afier bei-ng

nrixed r-¡ith moistened sand. The top layer of sancl should be kept moist

to prevent, the eggs from d.rying.

Five first i¡star nyrnphs r^¡ere used in each replicate. The

nymphs r+ere a1lolted 'co feed. on lettuce prior to testing and r,¡e.re thus

not in a siarved condi-bion. To pro'bect the gz'asshopper froin i;he effect

of possible insecticidal residues a culture of Drosophilia spp. was

mainiained. for bioassays of the food"

l4aterials and I'.{ethods
%

7"
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Cages

The rearj-ng cages used r,¡ere patterned, after those described.

by Hrinter-Jones (tgiO) r+iih nodifications developed at the Saskatoon

laboratory, (Putnan, :956)+ .

Temperatu{g

Tests by Thorsteinson and Jay+ shor+ed that optimurn feed.ing on

sucrose centered on 25oC., and. this temperature v¡as maintaj¡ed. j¡r our

incubators during tests. Pfadt (a9/+9) eonducted his food. prefer-ence

tests at teinperatures ranging from 2/f Lo 27aC.

Temperatures within the cages r,¡ere held at 25oç, for several

hours prior to feeding. Chaprnan (f955) GgfZ) noted that the amount of

feeding i¡ the tests reflected the cond.itioni:rg effect of the temperature

a few hours prior to tes'b5:rg.

Tige

Tests ïrere run overnight, fo:' a period of eighteen hours, in

an incubator and under cond.itions of total darlc:ess.

Substrate

The method used to investigate the regulation of feed5ag

involved the use of plant ertracts and pr:re che¡iicals applied to an

ingestible substrate. The technique, developed by Raucourt and

Trouvelot (1936) i'ras improved. upon by Chauvin (f9/-5) and Thorstejnson

(1955) 
"

Japanese elder pith r,,ras sectioned and the resulting discs

measuring Z/uO míerons i-r: thickaess r,iere stamped. out r+ith a d.ie to

produce a unifortn area and a discrete edge. The discs r.¡ere then

+ unpublished data
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ertracted r,¡ith 80,% ethanol, dried and clipped. into the split end. of

short wooden stichs cut froin r¡ood.en meclicinal applicaiors, Subsiances

to be tested were applied to the discs.

The r+ooden applieaior sticks t{ere fasiened r,¡ith r,¡ax to the

floor of a plastic dish (dianeter'7 en,, clepth 1.5 cm.) l.rhich had been

previously lined r^¡j.th r.¡axed filter papero

All the cherrricals tes'bed riiere presented on a subs-brate of

Japanese elder pith discs which r.¡ere i¡ a dry and britile state. There

was no enhancement of feeding as a resul--b of mois'benilg the disc, cf.,
lvlisra (lgSO), Chapnan (lçSZ) in the dj-scussion later.
Surr¡ey of E_x.trac'bs

The present siudy r'¡as developed 5-n several s'bages. Initially
ethanol extracts of the follor.ling grasses and r.¡eeds t¡ere surveyed for
palatability.

Poaceae - grass fanily

AgJro-gæoq cristatum (L.) Gaertn"
A" elgae.alq4 (Hosi.) Beauv.
A. jelgrmed¿lm (Host")
A, sryLlhii (uyau)
A" trgþpaulum (f:.nta) trhlte

Festucg gþb:!g L"

Poa compreqsg L.
I, ÞIatenqÞ L.

Triticu+ vulEare L. var. Lee

Cichoriac€âê - chicory fanily

Êgochgg spp.

Taraxecugr o.f f ic.iAlg i.t eb

Crested r^rheat-grass
tall- t+heat-grass
íni;ermediate r,¡heat- gra ss
l,íestern couch-grass
slender r-heat-gra ss

Fescue

Canada bluegrass
Kentucky bluegrass

Iee lrheat

sor,¡thistle

d.andel-ion
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50 gms" of fresh leaf iissue were boiled jo Z5a mls. of BOI

ethanol and then raacerated i-:r a bl-end.or. The crude extract vas cooled,

filtered and evaporaied to 10 m1s, Japanese elder piih discs viez.e ihen

treated and fed io Q. pelf,qq¿Èq, U. gex¿ggllrji and E, þiv¡!!e-U¿q,

The Lee wheat exiract wàs sepai:aied. into fraci;Íons by the u-se

of paper clrromatograph¡r (for nethod- see Lederei: and T,eoerey (tg5¡),

B3-oclc, Dur::uro., z,,teíg (rlre¡ ). The fr"ac'cions r+ere eluted from the

clrromaiographic paper and- each r+as tosted fo:: palatabi'líty. See fig. 1

for the resul-ts. Identification of plant cons'bitr-ren'bs v¡as acconplished

by compar':i-ng Rf valr-r-es in a variety of soivenis ancì by ch::ornogenic

detectioni see Dent (19/+8), Tl:ompson et aJ, (rg¡r), r,ederer (lgsz) ,

Block, Dur::urn, Z*teig (1958), Feigl (]?'6) o pur-e che¡nicals r+e::e

subsequ-en-b1;r uss6 i:: an atienpi to simu]ate the feeding response

pz'odu,ced by the plan-b ex'r,ract or one of the ac,¿ive fractions"

ïn subsequeni r,¡ork r+ith Lee r¡ireai the crud.e extract r¿as

cocleC, fi]'r,ered, er¡alÐrated, and_ the residueldas taken r-rp r+ith the

Itater' Chlorophyll was removed by i+ashing r.ii-th benzene. The benzene

l.ras removed by means of a separai;ory fu¡ne1 and. the extract r.ras

saturated r,¡ith lead acetate and filtered. The precipitate foz,med was

treateci r'rith Ïi2s and fj.ltered. ?alatal:ility r,ias tested at each stage

list'ed to ascertai¡ the ac'r,ive constituenis and to discarcl those that

t'¡ere inactive. The clear filiraie r,ras singuJ-ar in that it, elicited an

excellent feeding response.

This clear filtrat,e rras applieci-bo uha-r,man 3 i'fl'f filter paper

anci devel-oped in a solvent; of p;'riciine, isobutanol, Ì{I'?OH (t,.*:27 .



To test the fractioi:s

to dj-vide the chromatogram on

u]ira viol-et racìiation.

Tests

Each test eonsisted of one o' rrrore chenicars made up i¡to a

diLution series l¡hose menbers r,iere one fifth the no]-ar concenir¿rtion

of eaclr preceding one, anrl r,¡hose range r^¡as 5.0 x rO-f l,{olar to 6./, x
10-o lilol¿r.

Each concentraiion in ihe series r+as replicated at least .i;hree

tirces. Replicates generall¡r contained bi,¡o c]iscs, a treated discr and an

tmÌ;reated disc,

See table I and table 2 for a revier+ of chernicals tes-beC. and

for resul--r,s.

9o4!æ1e

Each test dish contained one negative control, consisting of
an untreated disc, for every treatecl disc,

Every 'Lest included a positi.ve control consisting of tÌree
repiicates containing one disc treated i^¡ith o,o2 sucrose and one un_

treated disc. rn earl¡' experj-ments, c. Jay and the author for:niì. that

9,' lgl]ugigg,, 14. mq:ricanus and l'Í. bivitiatps. res;conded consisiantl;r r,.iel-J-

to sucrose' Opti:irun feedin.g centered on 0.02 Irtolar concentraiion"

CþS¡icSì Tesis

All b.he -r,ests l,rere, -i¡r a sense, choice e;perimeni;s, in thai
the j:rsects chose betr^¡een treateC- and- u¡rtreateci discs. Iíowever, j:r the

foJ-lol'iing experimenis a choice l.Ias given betr.¡een discs treated r.riih, a)

11,

for palatability it r.¡as found convenient

the basis of the banding visible r:¡der



various chemieal concentrations t) aifferent cher'icals.

1) trbuctose: Tests i'rere run conparing

(u) 1.0 Vlolar fructose
(u) 0.5 llolar fruc'cose

Each test dish consisied. of the tr,¡o

negative control.untreated

2) Sucrose!

3) Sucrose and Fructose¡

The i¡sect had a choice of 0"02 Molar fructose and

0.02 suerose. See fig. 2O, colun:l b.

Test

(a)
(b)
(")

s were run comparing 0,02 lulolar v¡ith

0.1 Molar su.crose See fig" 19 Colurnn
0.001Þ lifolar sucrose $ee fig. 19 Co1u:¡n
0.5 Molar su.crose See fig. 20 Colu¡rn

0"02 Molar r,¡ith

See fÍg" 20 Colurnn
See fig. 20 Column

concentrations plus

f.2.

d
a

an

a
b
c



Feeding resuLts of the survey tests using Q. pglluc,idg, ,f.

nexic3itFq and !.4" biv-itlatus show that plan'i; extracts r^¡ere differentially
selected by each species, and that there uas an interspecific variation
j:r their choice, (Jay and Tauber)+.

The details of these survey tests will not be consid.ered here;

however, it should be noted that an acceptable plant resu.'ttec in an

acceptable erbract. An anonaly existed in the case of A. gþgggglg

which v¡as rated by l{isra (Wfq as being lorv in aeceptability but which

r^¡as found to be reaäily aceeptable as an e>;tract.

Cþrgnå:þ-osraphl

The pyriclene, isobutanol, NH/'OH (t;tzZ} solvent mixture used

to fractionate the f,ee wheat extraet ÌIas very useful- because it separated

the arn-ino acíds and the carbohydrates quite well.

The chro¡naiogram on i+hich the plant extraet r.¡as load_ed and

developed. was divicied into fifteen horizon'r,al banCts, based on the band.-

5ng produced under ul-tra violet rad-iation. This methoci of clivision led.

to less waste and. gave a more saiisfactory result than the divisions

produced on the basis of chromogenic detection of carbohyclrates and

amino acids.

Fee4-i¡e

Although some feeding luas elicited by nearly all bands, it rvas

found. that three l..¡ere especially active; see fig. 1. One band contained

the amino acids, serine, alanine and f-amino but;'ric acid. The second

Eeeqlts and Discussion

!3"

+ unpublished data



band contained one

band contained tr,¡o

Control-s

I{an¡r i¡lvgstigators have noted the general acceptance of sucrose

by varior-rs insects¡ soê Dethier (19fi) o TD. j¡itial exper5ments, C " Jay

ancl ihe author found that the feeding response of g. pel=lucidg (Scucld.)

l¡as consis-i;ent and at an optjmum at 0.02 Molar concentration. Therefore

this was adopted as a standard for comparison and as a positive control"

The negative control consisting of an unireated disc r.ras

seldom eaten by the grasshoppers and never to any appreciable exient.

Pure C-hemicalÉ

Feedíng results on pure chemicals are summarized j¡table 1

and table 2"

Ilr.

fluorescent and one recluci-ng substance. The third

fluorescent ancl a redu-cing su.gar.

It is j-nterestj:rg to note that alanine, f -anino butyric acid

and seri::e, t+hich hiere present j:i a fraction of the extract thai elicited

an excellent feeding response (see fig" 1), were not very effective vlhen

the chemicals r^¡ere tested sfugly in pure form, see fi.gures 2, 3 and 12.

However, in dual conbjnations and particularly rvhen the three hrere com-

b5ned, they elicited a verSr good response, see figure 77.

ïn general the responses'i;o single aruÍ¡ro acids r,¡ere not as

strong as responses to single sugars; see fi.gures 71 8, 11 and- 13.

Hol,rever, amíno acids elicited feed.iag at low-er concentrations, e.g.

hydroxy-1-pro1ine, figure 10" this fact r¡as also reported by Thorpe

et al, (lglrZ), 5n regard to the biting response of r¡irel^rorns.

I,Jhen alanine, serine and- f -anino butyric acid were combined



!5.
with suclose surTtrnation occurred, see fi.gure 18. This co¡rbj¡ation r+as

far superior to any comb5nation of sugars tested; e.g., fructose plus

glucose; fructose plus glucose plus sucrose; ,fru,ctose plus glueose plus

sucrose plus maltose. Thorstei¡son and ¡ay (t958)+ founo that fructose,

glucose and rnaltose elicited very good responses when tested j¡rdividuall-y,

+ unpublished clata



Results of sinEle substances tested for feeding ïes.oonse

Eåssrs

2

3

lr

5

6

9

10

12

Qgga nic_Nitgg qeILC ompo und s

Table I

Active

L-alani¡e

'z'-amÍno butyric acid

I-asparag5ne

L-aspartic aci-d

L-eystine

glycSne

P,ydroxy-I-prolJ:re

L-serine

ïnactiv_e

p-alanine

L-argÍnine

I-eysteine

L-glutamic acid

L-gh:_tan-ile

l-Histidine

I-isoleu-cine

Lleuci¡e

L-lysi:re

L-Methioni¡e

L-Shenylalanine

I-Proli¡re

I-Threonine

L-Tryptophane

L-Tfrosine

T,-Valine

!6.

Figure

13

7

I
11

D-Sucrose

D-Fructose

D-GIucose

D-I"Ialtose

Cgrbohyclgate€



Resul-ts of combined

Fíqgre

.A.ctive gni¡g aciÉs

16

v
I4,

Taþ_le 2

substances tested -for feedíng resÐonse

2 subs-bances

L alanine + ffinino butyric acid

L alanj¡e + seri:re

¡lamíno butyric acid + seri¡e

Fiæ 3 SftbsErnce..s

17 L alanjne +'y-amino butyric acid
+ seri¡re

Fisure 4_-ruÞStanggË

18 L alanine + ¡l-amino butyric acid.
serig¡e + sucrose

&!susarq

17.

2 quþstancgE Figure

fructose + glucose 20

? Flbstgic_eq

fructose + glueose + su-crose

4 subslqrces

fruc'bose + glucose + maltose
+ sucrose



thoice experiments

Fructose: Tests in wliicl: i;he grasshoppers could choose betueen (a)

0,02 molar and. 0.5 molar, (U) 0.02 molar and. l.O molar, showed that

there 't'¡as consi-stently greater feeding on the higher eoncentra-r,i-on: see

figure 20 colunn a ancl d.

This result is difficult to e;çlain j.¡: vier,¡ of the

optimum feeð.ing response cen'bering on 0.02 molar when each fruc-r,ose

concentration was presented sÍ::gly: see figure 7.

Sucrose:

ihe case of sucrose" Grasshoppers having a choice of (a) o.l molar and

O.O2 molar, (b) 0.02 molar and O.OO4 molar, consistently preferred the

highes'i; ccncentra'bion presented: see figure 19.

Horuever, a choice of 0.02 mo-l-ar and 0.5 molar sucrose

resulted in greatest feeding at the loi,'¡er concentration¡ see figr:re 20

coluron b. This is i:a }ceepirg with results obtained r"rhen oiely single

coneenis'ations were presented -bo the gz'asshoppers and there lras a falli:rg

off in feedi.ng at 0.5 molar: see figure 1.j.

Ifìs9c!

DÍapause develol:nent of the !. pel}.lgida egås occÌrrred at

t+OoF. The au'bhor found that opti:nal hatching occu.rued after eold.

treatrnen'L for fifty days"

.411 grasshoppers i,rere allol+ed to feed on let'buce leaves before

bei-ng used on the tesis. Pfadt (A9/*9) founcl that there r.ias no evidence

of conditioning of the grasshoppers to a particular food-.

Tes'Ls r,rere condueted to detect an)¡ residual effect of

This anomaly does not ocer¡r at high concents.aiions i¡

lg,



chromatographic solvent on feeding. The results r,¡ere negative.

All i¡sects used r.¡ere taken from the field at various locales,

No atiempt' r.¡as made to elimj:rate variation by inbreeding or by selection

of experimental i:rsects, e,g. feeders and non-feedersn Thus i,¡e feel

that our results refleet the varj-abilit¡' and deviation in gustatory

perception occu.z'rj-ng ix the field..

Îi:ore and Temnerature

lests r^rere ruil overnight¡ Ín the dark, j-:r an incubator at

25oc, rt is of interest that chaprnan (Wn), working with the red.

locust, reports that the¡:e lras no evidence of feeding at night, even at

a favourable tenperature.

The temperature withj¡r the cages r,¡as he1d. al 25o9, for several

hours prior to ru¡nj¡g the feeding tests. Ghapman (1955) 0957) noted

that the amount of feeding 5l the tests reflected the condi'i;ioning

effect of the temperature a fer¡ hours prior to tes'bing.

Succu]=Cnce_and Tougbne ss

I4any investigators have stressed the ìmloo::tance of succulence

and toughness as factors i¡ the selection of food.

Chapman (1957), rrorking i^¡ith the red locust, suggesì;s that

food preference is based on moisture content and touglrness of the leaf.

He made no a-btempt to invesiigate chesrotactie affinities.

Misra (1956) r+ho worked r+i-.bh Q. r:ellqgilig, is atiached to the

theory that succulence is the most Smportant factor i:r food preference,

bui he sees tha'r, other factors of a chemicel nature some'blmes prevail.

He tries to resolve these ti,ro j-deas, and. states anthropocei:-r,rica11y that

'ìo



20n

physical facto::s are unjrpo-rtant if ihe plant is nuiritionally unfavou.r-

able. Misra shows confusion i¡ the face of hÍs findings that food.

prefeL:ences are not rigidly and serially correlated to nuiritional treêdso

He appears to lose sight of the fact that the manifestation of the

rri:otanical senset¡ by the insec'i; is due to the insect and plan'i; evolving

together, and i s not a result of their being tightly hitched together"

Any ¡tnutritional m-iStàkerÌ by the insect j-s not necessarily a reflection

on i:he sensj-tivity of its gustatory perception.

Pain'ber¡s (1951) observations dispose of the toughness,

moisture content iheory as the basis of food preference, He reports

that grasshop,oers jn Kansas ate the corn, chewed the bark fron certajn

trees and the lai¡el-s froin stalces j¡ sorghum nurseries, bui on15' nibbled

at the sorghurn 'leaves.

Our tes-bs i.¡j-th C, geJ-luc_id-a shol¡ed that feeding was the same

for dry and brj-ttle discs as it r,¡as for moist, pliant ones.

The experjmental tests using extracts and pure chemicals

confirm the significance of chemical constiiuen-,,s of the plants as

chemotac-bic reguJ-aiors of grasshopper feedi:rg. The tests support

Pfad-bts (19/09) observation that selection has a chemotac'uic foundation,

and that choice of plant is primarily a matter of tas'l,e,



Fig-ure I, The Feeding Behaviour of ggggglg
Active Plant llactions se¡urated

2!"

pel-lpci.dg (Scucld) on
by paper chromatography
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Figi.ire 12. The feeding of Cqrdn,]la pel.l,ueida (Scudcl,) on T,-SerÍ:re
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Figure 19. The feedi¡g of garglula pelluqida (scudcl.) on paired molar
concentration of D-Sucrose
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Figu:'e 20. The feedíng of Camnuta pel-lueidg (Scudd.) on var'íous combj¡tations
of trbuctose and Sucrose
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Sum¡ngrry and Cgnclusions

A study r¡as made of the gustator¡r response of Camqulq pellucjdg

(Scud.der) to some organic nitrogen coropouncìs and certain carbohlrdrates,

sj¡ce it uas observed that selection of grasshopper food plan'i;s might

be made on the basis of taste.

Subsiances l;ere presented to i;he grasshop-per on a substrate

consisti¡rg of Japanese elder pith discs of equal diameter and thj-cJcness.

Tests lrere run overnight in an incubator at,25oÇ.

Positive eoi:trols i^¡ithin each replicate consis'bed of 0.02

Molar sucrose.

The discse lrith subsiances absorbed, r+ere presented 5n a dry

and britile state" FeedÍng was not 5:nproved by moistening"

The i:rvestigaticn progressed jn several stages. A1coholic

extracts of plants i,¡ere tested for feed.ing response. Feeding on the

various plant extracts shoued i;hat an acceptable plant resulted i¡ a

palatable erbract" Lee r+heat leaf erbracts t¡ere broken dor,¡n in-bo

fractj-ons by the use of chromatography, and these fractÍons r,rere sub-

jected to palatability tests.

Tire:'e was a striking differeirce j:: the amoun'b of feedi:rg on

the various chromatographic fractions. A fz'aetion shoi,¡n to contain

o( -alanine, seri¡le and f-amino buiyric acid., r¡as founcl to be very

palatable.

.An at'bempt r,¡as made to duplicate the feedi¡g response

elicited by plant exiracts and fractions tirereof, by feeding pr:re

chemical compou¡rds, singly, j:r combj:ra-r,ion, and i¡t both cases in a series



of dilutions. ft l+as formd that feecling responses 1re3'e elicÍ-Led to

var]¡jng d-egrees by c*--al_anine, ^¡:-anino but¡rie acid, L-asparagine,

L-aspartic aciC., L-cystine, glyciner h)'droxy-T,-proline, serine and

stlcrose 6

Feedi:rg resllonses to single amino acids were not as striking,

in toi;al anount eaten, as l^rere responses to saccharj-ces such as

sucl:ose. Amjrro acids elicited feecling a-r, notabl;r lor,ier concen-i;ra-i;íons"

The conbinatíon of o(-alaniine, serine and. ¡í-amino butyrie

acid-, resulted in very good feeding, l.Ihen these substances r.rere

conbi¡eci r¡i-bh sucrose su¡uûation occurred.

A characterisr;ic reaetion in all single su"bstances tested

r,¡as that feeding fell- off at high eoncentrations, a.E,t 0.1 L{olarbo

0.5 }Íolar'' This fact may explai-n the non feed:-ng of grassho,opers on

so=ghun and str-gar beets, lvitich con'i:ai¡r a high concentration of srlgar.

ThÍs response invol-ving sing'l e substance tests was supported

by tes-bs in v¡hich ihe grasshoppers i^rere given choices of tr,¡o ccncentrat-

ions. T¡r the case of sucrose feedi.ng, the grasshoppers chose 0.02

I'iolar i¡ preference to 0.5 I'îolar. [fl. anomaly existed in Ì;he case of

fructose where Ì;he hi-gher concentration r,ras pr"eferredo

tr'lori< r,¡ith various i¡sec'us shor"¡ that the chenical consiituents

of plants have a sígnifi-cant role j¡r feeding behaviour, Observations

of grasshopper habits testify to the faci that the¡r ¿ss at'i;racted

equali-y to preferred ancl non preferred plan''s, but that only biting

on a preferrecl plant resul-is in feedilg. Silce the natural fooc of

insects con'r,aj¡s many chemical compounds, e.g. free amino acids, it is

I,



/',3.

possible that so¡ae of these substances have an active chemotac.bic role
j¡r the regulation of feeding. This idea i.¡as subjected to tes-bs, by

using plant exiracts and pure chenical sn I.le conclude from the results
obtai:red thaÌ; the regulation of feeding behaviour as seen in the field,
may be explained i-n terms of the grasshopper reacti¡g to chemical

stimuli, primarily gustatory.
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