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The feedlng responses of penulttmate-l¡ster Larvae of the spruc€

buclworm, ChorLstonoura fumÍferana (CLem.) and the Jack-ptne budworm,

g, pggg Freo, to certaln chcmtcal constftuenbs of the host plants and

some rel¿ted oonfrorrncls were lnvostfgated. Farbtcular attention was gf.ven

to ùhe relatLve acceptablLlty of stamLnate flowers, developf.ng vegetatfve

shoots ancl nature needles

Substanc€s vr€re tested ty lncorporattng them into thln dlscs of

Japanesee]derpithupon'uhich]¿rvae1Àl€repermlttecltofeed.Responses

r¡ere determlned quantitatlveþ by measr:ríng the areas of the díscs

consumed by the larvae.
' Feedlng responsos were tesbed to host plant exbraets prepared wlùh

different solvents and to a number of pure chemicaLs known to be present

in the exbracts, as uell as to some compouncis related to these chemicals.

0f the solvents tested, ?O per cent ethanol uas the most' effect'fve fn

ercbractlng stÍrnuLatíng components.

A nurnber of sugars stirmrl¿ted feeding' The roost effective lrere
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CIIAPTER I

INTRODUCTTOI{

The qoruco budnorm (C_ho$.Èrneura fumifergna (Clem.)) and the

Jack-pine budworm (C. plnus Free.) are closeþ releted ïrorth Anerlcan

opectes of the subfamtþ árchlplnae whose larveg are lrrrportant defolta-

tore of conifers (Freeman, rg58)" The spruce budworm is one of the

nost deetrr¡ctlve forøst Lneeote ln North Àmerl.ca (crslghead t L9fuJ,

Recentþ lt has been the subJect of tntensLve ecoXogLcal frvestLgatlons

and largE-scal€ cherntoel oonürol operatlons in the predomi.mantþ

balsam-ffrl forests of lterr Brr¡nswtak (Morrls, Ln press)" [he Jack-
pfne buduo¡m Ís of, less econonlc conceï"rt and has not been studfed as

tntenslveþ. ft has nevertheLess oeused conslderable damage tn natfve

Jack plne stands and scots pine (Ë¡uE sylvest{fs l.) plantings tn
ereas of sor¡bhern Ì¡fanLtoba, nor{hwestern 0r¡barlo and the nel.ghborfng

Lake Sbates.

the ltfe hfstory of the Elgruce budworrn ls brLofly as foLLows;

lhe eggs are taf,il on the needles of the hoet ùree 1n Juþ and tratch Ln

about eLght to twelve days. *rortþ after hatching the flrsb-instar
Larr¡a spins e hibernaculun fn a proteoted spot on the host tree" rt
rnolts to the sscond insbar 1n the hÍbernaculum and enters dLapausen

t: . . f.-
I N"tio" host trees ere referred to by the accepted cor¡non name aF

gfven in ttilaüive Trees of canadan 6[h Edfüion, E¡lletin #6r, 
-canaaa

Deparbment of ForestrTr Oùtana, 1961, These áre Listed togáther
wlth thetr seLentífLc nemes ln .Appendix A.
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Nexb sprlng the l¿n¡a en€rg€s from lts hlber.naculum ¿nd begtns to feed

etther Q¡ nlnlng the ol"cl needLes or entorlng staminate flowers or

vegetatfve buds. In later Larr¡al stages feedlng ls confined primariþ

to the new vegetatÍve shoots. After about three to ffve weeks the 
,,.,;,,,,,...,

lanra pupates on the host üree and the adult smerges 1n about nlne

days,

The L1fe hfstory of the Jack-plne budrsorm l"s sind.Lar but 
i:.,.'.,r,r,.

emerg€nce 1n the spring is usuaLþ about two weeks later and thfs *;ii+

developrnental dtffêrence ts normalþ malntalned ùhroughout the season. ,,..,r,,:,

Thls temporal dlfferentÍal ts consldered by smtth (rgfi, to be the moEt r-"":r'.::

effective fsolattng rnechanlsm ¡nalntafning the tntegrity of the two

specÍee, es they ars sJ¡mpatrlo ln part of their range and rrlLr þbrfd-
tze to produoe fer"tfle proseffo

I

.as thelr cormon neÌnss lmply, the spruce and Jaek-pine budworms I '

',dtffer 1n thelr host ùree relaùlonshlps. The spruce budworrn oecurs on 
la variety of conlfers. rn easter"n and central Norüh AmerLca the 
i

prlnclpal hosüs are balsarn fLr end the natlve sprucês. In the north-

westerfi states and Briüfbh Co}nnbta, Douglas fir and the true firs are i,li.,l,,:,

the prlmarSr hosts. rn additlon other conifers ere oceasionaLþ i.,.il_,;.

attacked where these occur 1n mfxbure wlth the respecùtve preferred 
:.'"'l:''i'

hostsn The Jack-pine budr¡or-m 1s primariþ a pest of Jack pine bub

occurs on other ptnes and sometlmos on tanarack. In the J-aboratory 
i,:,; ;.*

spruce budworm larvae can be reared readiþ on vegetative shoots of fff

Jack pine and the Jack-pine budworm on spmce or bal-sa¡n ftr torminâlsn

as opposed üo probabl-e host-spec:i:fíc oviposltionar responses of the
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adults, host favorablllty to the feeding l¿rvae appenrs to be detormined

prtmarfly t¡¡ the phenologtcal relatf.onshlps of ühe lnsacte and theLr

prfnctpal host trees. tlnergence of spruce budworm l¿rvae ln the sprlng

ctrtnctdes, I'rlthin fafrþ close l1mlts, r,rlth ühe renal¡al of bud develop-

ment, of baLsarn ffr and whlte Epruce, whLle the l¿ter emergenc€ of Jack-

plne budwo¡m larvae occurs at the tlmo when Jack pine etaminate flowers

are neartng fuL1 developrnent and ühe vegetative shoots are beglnntng to

elongate, Blefs (f:95?) has demonstraüocl that the relattne lnununtty of

black spruce to spruce budworm attack 1s attrfb,utable to the delayed.

developrnent of the buds of thfe tree. l,.lh€n, due to oertatn weather

cotrdLttons, the stamtnate flowers or vegetative buds of bleck spruce

are avallable to the newþ energed l"arvae, they feed on these and

develop normal\y.

Obher aspects of üho feedlng behavfor of bud.laorm lenvae in

add.ftl"on to lnter-speciffc host tree relatíonshf,ps have received con-

slderable attentl.on fron ecol,ogLsts. Blals (1912) in hls sbudy of

spruce budworm populatlons on balsam fir noted that devel-opment of the

stamfnaüe flowers preceded swelllng of the vegetatlve buds by one to

two weeks. tr{hen stamínate flowers '¡uere avaiLable larnae fed tn these

and dld not mine old needLes. Feeding 1n the florvers continued r¡nt1l

the polLen Ìras shed after wtrich the l¿rvae migrated to ühe new\y de-

veloping vegetattve shoots. rt nas noted that when a lanra had com-

pleteþ consuned the new shoot on r¡hich 1t had been feeding it would

search for new grorrbh rather than feed on the readlly avaílable

needles of prerrlous yêarst growbh. l'lhen larr¡ae Ìrere forced to feed on
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old needlss du€ to exhaustlon of curent shoots thelr devel-opment was

greatly retarded" The adul.ts developf-ng from such l¿rva€ were under-

sfzed and thelr fecundLty was considerabþ reducod (nlats, l9t3).

Dèspite these effects on developrnent and growth, Blaf.s founrl that 
.,,,.,,,.,;i;,,

flfth-lnstar Larvae reared ln the laboratory on oLd follage e:çerfenced

no greater rnortal-tty tlran larvae reared on nerù shoots. Greenbank (1916)

noted that larvae whlch fed on cu¡rent yearts neeclles that had hardened
::j

,:,, gave rf.se to abnortnelþ onralL adultsn The old needlee and mature new

,., grov,rbh of whLte spruce appeer to ba even less aeceptable t,o the Larvae

than those of baLsam fLr and sinll,ar effects on lervaL growbh have been

recorded by Swalne g! 11 (192h),

fn ühe case of the Jack-pfne budworm, th ecologtcal. lmportance
:

of staml-nat,e fLowers üas first recogntzed by Graham (I93Ð, Illgh popu-

låtLon levels of this Lnseot are almost invarlably assocLated wi'bh an

abrrndance of stamfnate flovrers (Hodson and Zehngraff, lpl¡6; T,eJeure and

Black, 1950). Newþ-ernerged larvae of the Jack-plne budrrorm become

establl-shed in the male fLowers Jusü before pollen shedding comnenees

: and they ranaLn feedlng in the fLowers as long as part of the poì-J.en is
...:

retained 1n them, usually r¡ntil the lerr¡a€ ar6 in the forrth or fifth
etadirÍI. They then commencê to feed on the new t,eyminal shoots. some

l¿rvae complete thel-r entire larval development feeding on the staminate

flowers. Jack-pfne budworm larvae usr:ally continue to feed in the

staminate fLo¡.rers for a }onger perf.od than do spruce budworm l¿rvaeo

This is undoubtedly due to the faet that the starntnate cones of Jack

pine occur in larger clusters than those of balsam fLr or spruce and,
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after ripenlng, retain a portion of thelr poJ-ren for a longer perf-od,

The_ Problem

rt is evldent that the food plant rers.ùJ.onghlps of budworm

larvao are complex, concernerl as they are wIüh phenologlcaL aspects of

host tree developrnent as r,¡ell- as bshavloral- responses of the Lnsects.

0rientetion of larvae ùo suttable feedlng sites tnvolves the reactlons

of the l,ervao to tactfLe stirnrrl, ltght and humJ.d,lty, These aspects of
behavlor have been studfed intensive\y by hr, G. werlington (lgh8, r9b9t

l95))n The role of chemfcal stlín¡Ll ín budworm larval feeding be-

havtor has not been lnvestJ-gated. Thelr lmportance is indicated by the

findlngs of E. F. I¡Ielltneton (191+9) w?ro, in attempts to develop a suit-
abLe artificlal- medLum for rearing budworrn larvae, found Lt necessary to
Íncorporate host plant folÍage i¡ the dlet to rnake lt acceptable.

Thls thesls reports on en investigation of the role of chernÍcal

constituents of the hosù plants as gustatory stimull for spruce and

Jack-pine budworm Larvae. As has been notecl, these larvae wlll feed

on a wide varl-ety of conífers. Although these a¡e not necessarily a1L

equalLy acceptable it indieates that at Least sone of the stirmrlating

components are present tn most conifers, Especlal consideration uas

given to the relatÍve aeceptabillty of staminate flolrers, developing

vegetattve shoots a.nd matrre needLes.

Most of the experÍments concerned. the feedÍng responses of
l¿rvae of the spruce budworn as the popuratfon declj-ne of the Jack-
pine budworm in 1958 made it Ímpossibl-e to secure srfficlent numbers

of the l-atter insecto As more irrforrnation was available on the chem_

i,j-:iiit.: j; i:i:

l:':1::',r':i.: :.: r':.-::; -



istry of the foliage of white spruce than the other hosb trees,

primary attenbion was gíven to thls host.

s@sslleul-ll'e-&esle
Tbe feeding responses of penultfmate-Lnstar spruc€ budworrn and

Jaek-plne budworm lanrae were investlgatod fn tests v,rtth host plant

exbracts ancl certaln ptrre chemLcaLs. Tlro genoral t¡pes of feedlng

tests were utf-l-Lzed. The ftrst of these dealt ulth on the foltr-owing

pegos 'were of the no-ehof.co type. In the.se tests ùhe vartous ',hosb

plant exbracts and ehemLcals l'rere pr.esentecl to the larvae lncl.ivtdr:ally

in replleated series. These tests are ctesf-gnated (Chapter IV) as

Itslngle-digcn üeets. tDisct has reference to the Japanese elder pith

discs whfch served'as the tnert substrate carrying the test substance.

Tests of this type provlded a means of screonj-ng various plant exbracts

and a number of pure chemLcals, fncluding sugars, amÍno actd.s and'

certain known plant conetltuents, for thelr effect, on larval feedlng

response. They also prorlded some indÍcation of the relative effect-

l-veness of the dLfferent. exbracts and chemicals.

The oÈher t¡r¡pe of test ¡ras the choice test. Cholce tests per-

mitted the comparLson of response to two or more substances or mlxbr:res

of substances and to the same substanees at different concentratlons.

Most of the ehoice test,s were of the alternate-choice type where com-

parfson was mâde between two substances each represented by one test

disc.

$¡ neans of choice tests the following aspects of budr¿orm

larval feeding behavlor were lnvestlgated:
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1. The reletLve respons€s to errbracts of host pl¿nt ttssuee prepan€d

¡u'lth varLous solvsnts,.

2, The reLatl-ve effectlvenegs of host plant extrects and pure sucrose

' as feedlng stÍnulf.

3, The relatfve acceptabfllty by the Larvee of erbraeüe prepared from

starnlnate flowers, new vegetatfve shoots and matu¡e needles of nhlte

gpruc€.

L. The rel¿tlve stlmr¡Latfng effectlveness of the princlpal boet plant

SllSâf S r

5, The effect of suorose conc€ntratlon on feeding response,

6, Conparf.son of the response to mixbwes of oertain tndlvldual

chemlcel constftuents of the host plants rslth sucrose to that to

sucf,ose alone to determlne whether the substances 1n questlon ect

ae feedlng stinulents or feedlng deterrents.

The stlnuLant or deterrent effects of the varfous substancas

tested are related to thel¡ dtstrlbrrüton l¡ the varlous tfssues of the

host plants and to the reletlve acceptabllfty of these plant tlssues ty
the feeding Larvae.

In the llterature revlew general references on chemoreception 1n

lnsects are mentloned. This fe foLlov,red b¡r a constderatlon of the

perblner¡t llteraùrne on the roLe of the chemlcal senses tn .food-plant

acceptance try lnsects. Most of thls work ls of recent date whlch ts

lndlcative of the cu¡rent lnterest 1n this area of lnvestlgatl-on,

|1:'aa::,i:
,.a .\:ra:



CH/IPTER TT

RFJVÏIqhI OF ITI]T IITERATUNE

In generaL the chemical senees of tnsects are trtgtrþ developed

and chemical stlmulatlon plays an important role in lnittatf.ng various

ty¡pes of beharrloraS. responses. ?ho most intensLve studies on the

physiol-ory of chenoreoeption in lnsects have beern those of von Frlsch

and his süudents on the honey bee (von Frtsch l9B9t 1934, rggo) anct of

Dethfer end hfs students and colleagues on the bLowfly, phormia regiE
Melgen (Dethier l-:955, 1996¡ Hodgson 1958). Recent conprehenstve lft-
-eratr¡re revlews are by Dethler and Chadnlcf< (lpLg), Dethler (Agfi, ]rgrl+,

tgt6) and Hodgson .(1958).

The rol-e of the chomfcal sonsos Ín food pLant recognttion by an

ollgophagous lnsect' was ffrst effectiveþ denonstrated by the classical

researches of Verschaeffelt (1910). He showed that larvae of pte,rlg

repSE L. and F. brassicag (L.), that feed almost excLusLvely on cnrcf-

ferous plants, are stfmulated þ the mustard oi1 glucosides vürich they

contain" These findlngs have been fr¡rther eLucidated by ThorsteLnson

(1953) in studLes of another crr¡ctfer feeder, the dtamondback moth,

Plutellg macu4pennis (curt.). He showed that the mustard oil- gluco-

sides, sinigrf-n, sinarbin and glucoheLroLin, in the presence of

nutrients, fnduced continuous feeding. The potenc¡r of these conpounds

fs indicated ty the finding that a concentratLon of sinigrln as lovr as

two parts per mil-lion ldas sìrffÍcfent to produce a feedlng response,

There ere a few other lnstances where it has been demonstrated
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that the food plant spectflcLty of en tnsect ls aseociated rrlth the

pr€sence of a ehenlcal (or related ohemlcalg) of ltntted botanicel

dtstrlbuti.on" Dethter (X9L1, 19h?) fornd that the food plante (nalnþ

tlfnbelltferee) of the butterfl.fr Papllfo 3iS L., oontaLn certaLn dis-

ttnctfve essonùfel oÍlsn He noted that the Larçee would feed on fllter
peper treeted wlth these oLls or prro constLtuerrùs of the oL1s, tnclu-

dtng cenrone¡ netþl ohavlool, or eorJ.end,ro1, Ftlter p&p6f, treated
:. t¡lth netlyl cherrlool ues preferred to froeh caruot leavee, e ns,trrel-

t food. these vol,atLle plant conÉtftuents presunably act, through the

olfactory recepüors. Tananoto end frreenlcel (1960e) þave reported the

f.eolåtLon of a spectflc feedtng sttnutant for the ler¡ra of the tobeoco

horüworrr, Protoparee genüå (.tohan.). ürlposftton and feedfng of thls
: ins€ct t s oonf!.4ed alnoet e:rsluetve\y to plante of the femtty SoI¡n-

acoåe (Yananroto and Fraenkel, 196Ob). The feedlng süfunulant was ùso-

let,ed ln pure form and rÉs sald to have the eharecterlstlc properttes

of a glycosÍde brrt was not fi¡rther LdenttfLed. fts stLnulatLng effect-

lveness i.s dependent on the pnesence of nutrLents particularly sugars"

tfppold (l¡Lgtl) Lntestlgaüed ühe host spectflcity of the Mextcan bean

beetle, Ugtþrftg varlvestis Mul,s.n n?rlch feede on the gsnus Phaeeglgs

and to some exberrt on the scgrbeann He found that a plant ert¡act

fractton cóntalnfng a gþcoside of a trtterpenotd saponia sttmulated

feedlng by thfs lnsect. However, this matertaL wes not Lsol-ated ln

pwe form.

In contradf.stlncùion to the rolo of host plant chemtcals as

discussed ln the precedLng paragraphs reJoctfon of potenblal host

!ì+-::li¡iì

i l:-::a:,i: i:l
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plante has been shown to be caused, tn sone lnstences, by compounds of
restrtcted occwrence lihfch act as feeding deterrente. Thls has been

establfshed most effectlveþ for the Golorado potato beetJ.e, Leptlno-

tqp" decenlEeata Say, whlch feeds onþ on certaln Sofensceaeo plantg

' of thls farnfþ contafn a variety of gþcoalkalolds, some that act as

feeding det'errente and others that do not lnfLuence feeding behavlor

but mey be torlc (funn and Iöw, tg55).
I,

, 0n tha basls of relaütonshfpe such as those dL.qcussed ebove end

, other conslderettons, Fraenkel (I953r ];gg9a, tgrgb) hes proposed that
.

the presence or absonoe of so-caIled treecondarytt plent, sdbstances (glu-

oosLdes, saponfns, tannfns, alkaloids, eto.)r prorldes the sole bas1s

for food plant speotftoftyr of lnsects. Crttictsms of thls vtewpolnt

heve been presented by Book (1956¡) and Thorstefnson (lp6o).

The compÌex nature of chanicar stlrnull that ,may be tnvolved fn

orÍentation on the host plant and fn feeding reactLons has been Lndtoa-

ted by sbudLes on Larrrae of thq s1Ikworm Bornbyx no i (L.)" These larvae

can be successfulþ reared onþ on a few plants other than thelr normal

, 
hoet, muLbeÌnyr Monrs 3&" lfatanabe (1958) demonsbrated ttraü two

volatLle compormds lsoLaüed from rnulberry leaves by stearn dtstlLlatlon,
' ,F -.Í- hexenoL ando<-p- hexenal, wero strongþ attracttve to larvaen

Ha¡naml¡a st al (1961) discoverçd that cftral, Llnaþ1 aceteto and

Lf.naLoLr whlch arê prÉsent 1n an ether-solubLe fractlon of mulberrry

i Leavesr were €ven more attractive to the larrae than he:çanolo Terpfnyli

acetate wae aLso p,resent and sltghtþ attractfve. T?rese {.nvestigatore

aLso found fhabþ -sLtosteroL stlmuLates the larr¡ae to bite. Thls com-
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pound '!'res forxld fn high concentratlons on the surface of mulbe¡tXr leaves"

Contlnuous ingestlon however l,ras dependent on an unldentlfied faetor

whLch Hanamura (lg5g) found was solubre tn water and fnsolubre in
nethanol. Ito (ff6O) tested a variety of carbolryclretes and reletêd

compounds for their effect on the feeding responses of slLl<rùoïm

larvaeo He noted that a number of sugars indused feedlng end th¿t

sucrose fies fed on even fn the absence of mulberry leaf polder" How-

evsrr maxLrn¡n feeding occurred when sucrose and Leaf powder were both

present. Hfgh aoncentratlons of caseln alsb stlnrul¿ted føedlng.

rn contraet to the sftuatton r,rlth the sf-Ll*,rorm, nect (1956a)

found that sugar alone was adequate to tnduce normal feedlng by 1arveo

of the European corn borer, R¡rawta nuÞtlalts (Hubn. ) " IÌnder natwal
condft,Lons this lnsect feeds on a wrde variety of plants. The three

prlncipal sugars of the corn plant, sucrose, fruetose and glucose, a1l

stim¡l¿ted feedlng. In choiee e:çeriments wlth agar base ertificlaL
media, the J-arvae aggregated at the highest sugar concentratÍon up to
an optimum vaLue that was dL:fferent for eaeh sugar.

trÞlngs (1pL6) pòinted out that, sucrose appears to be armost

universal-þ acceptable to animals. As plants contaln appreciabLe

quantlttes of sucrose and oùher sugars, it is not surlprlsing ttrat a

number of phlrtophagous lnsecte have beon sholrn to feed roadf.þ on

cerbaln sugars. Spectflc references to such responses r,rtl-l be rnade

elsel¡here tn this thesls, rnstances of feeding r€sponses to other

ccrmpounds of general or sporadic dLstrlbution in plants have been

dfscussed by Thorsteinson (fg6O).

;.:.' ;:;': :
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Foþphagous Lnsects nay feed readlly on artlfLclal dtets'that
Iaek any substances that can be demonatrated to have slgnlJl.cant stlm-

ulatlng effects when tosted lnctivtduaLly. Dadd (1960), tn hls etudles

on locust nuür1üton, forrnd that sugar, yeast and :wleeatgerrn of.l nere the

onl.y srrbstances tn his artlfllctal dlete that apprectao-þ .gt[rnulated

feedfng. Nevertheless, when theso three lternb were eltrnlnated from tln
dtet the r¡¡mphs woulcl fee<l and grow on it,. similanþ Beok r(..ll956b)

df.ecovered that European corn borer larvae woulld f,eed ard €Ðotù on d{'eta

oontaåning no 6ugar.

The resrrlts of abl¿tlon e4porLments wlùh oltgophagorrs Lnsecùs

Lndtoete that spontaneou,s,feeding responses rnay be restrained to a

Sarge exbent þ lnhtbtüory stimu1f ortglnatlng tn the perlpheral senee

organs. chln (tgío) ehowed that, followlng removar of the antennae

and ma¡rlllary and labial pelpir Colorado potato beetle larvae exhlbltgd

bitlng responses to odorless and tast,eless substrates as r¡elL as to

normalþ unacceptable plants. tr'Ialdbauer and FraenkeL (fp6f) found that

rna:<llleetomized larvae of the tobecco hornnorm fed readiþ on eome

plants that normal larvåe reJected. These l,arvae also fed to a greater

ertent than norrnal Larrrae on euch bLand medf.a as filter paper and agar.

I )':':i..:
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MATERTATS A}ID METHODS

,,,i collectlon. ReârlnF and Hgndltng of Expertmental rnsecte

Test larvae ?r€re obtalned frorn the fteld durrng the no¡lnal

' feedlng perlod and were reared from stocks of dlepauslng larvae maln-

,,, tafned 1n the leborato¡y at other tlmes of the yearo
r''l 

Spruce budwo¡Tn rnaterlal orlglnated mainþ from two actfve ln-

,.,t festatlonsr on6 fn northwesbefü Menttoba near Nemew lake, the other on

the westeln edge of lake lr,Iinnlpeg near loon Straits. Both these ln-
f,estatÍons er€ tn mfxed stands of baLsam flr and whlte gprüc€r

: Jeck-pfne'budworm larr¡ae were obtalned during the earþ øüages

i of thfe study fron locallzed lnfestatlons Ln Eoutheastern Manitobe end

the lnterlake dletrlct. tr'Itth the decllne of thts frpeot to very low

populatlon levels throughout the Provtnoe by 1958 tt beoarne'imposslble

to obtafn adequate numtbers of ühls lnsect for e:rperimental purposes.

Fleld-collected ]arvae were reared on develoning shoots of the

,i, normal host follage fn glass Jelly Jars wlth ttght-fittlng Ltds. The

.ll, perlod durfng whLch the feedtng Sarvae were ar¡ailatrl-e for test ptrposes

¡üas exbended to approrlnateþ flve weeks by adJusting reartng ternpera-

tüTBS¡

.,i It }¡as necessary to make speclal provlsLon to have larvae

" avallable for süudy during those perf-ods of the year when they could

not be obtained 1n the field. Mass colLections of ultimate-instar

l,anüìae !ùere brought to the laboratory and reared to the adult stage.

l---:i--:-: :i:: r I
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The moths r'rere pJåced tn scre€n oages ln groups of four or ftvo palrs

each and were pronlded r¡'Ith branches of the host tree on nhLeh to ovl-

posf.t. Eggs were hendled þ the methocl descrLbed by sùehr (195L) to

piovlde stocks of dlapauelng second-Lnsþar larvae. Âfter four to fLve

Ì¡eeks at roorn tomperature (ce" 23o c.) the larvae were süored at 30 c.

for e mtnlmurn, of ten yreeks. Iarvee were rettrned to roorn tentperatrne

as requlred and e:¡poeed to htgh hurntdtty and conttnuous tllumlnatlon.

These condltlons ef,€ knoun to fevor sr¡nrlval and earþ terrninatfon of

dtapause (Harvøy, 1958).

In the earþ stagee of thls lrnrestlgatfon, the newþ-emerged

larvae were reered on frozen terminal-shoots of spruce or balsam flr
es r€connended by,stehr (195h). Dtfficultles r¡ere engountered, however,

due to the forrnatlon of rnold and dr'¡rtng of the plant materlal, utrtch

neceseftated frequent handllng and transferring of the larvae. Thls

caused oonslderable mortalÍty and Ìras ve f leborlouE. A more satfs-

factorly ruethod of reertng !{es deveLoped which r¡blllzed the vegetative

shoots of tamareck. These are readily acceptable ae food þ larvee of

boüh spectes of budwormi

To provlde a sourc€ of tamarack shoots, small trees, threo feeü

to.for¡r feet tn hefght, were planted ln boxes 1n the autr¡nn and placed

l¡ the greenhouse. In the greenhouse, 1l,lumlnaülon frorn fluorescent

lamps was prorlded from B;OO e.m. to B:00 p.m. and from 12:OO p.m. to

1:00 a.m. This l-tghtfng reglrnen was found by VaartaJa (1957) to be

most favorable for shoot grorvbh. Once weLL estabÌlshed ln the green-

houee the trees produced ehoots in consLderable numbers and pruning
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of the troos to provfde shoots for feoding purposas fr:rther stimplated

thefr productf.on"

The rearfng containers consÍstod of plastlc petrù díshes H'Ith

tfght-fi.ttlng lf.de"l They were z j/l+ tnches tn dLamoter and 3/h luren

ln depbh" Vontflation was prorri<Ìod by L/2 lnch ports (trlil1ed {n both

the i-td ancl bottom secttons" The ports wore coverecl wtùh sqr:ares of

ffne-mesh slrk boltlng cloth cernented over thefr inner swfaces, A

notch of 3/16'Lnchos depth rn¡as cuü tn tho rim of each sectlon Èo

accommodat,e the branchLsts,

Tvrlgs lrith ehoots havlng partfalþ ercpanded needLes were cut

to a 1ength of about four inchesn Needle fasclcles a]-ong the Lower

ponblon of the stems wer€ romoved and three or four shoots were borrnd.

together wLth a twtst of cotton wooL" Theee shoote wena then placed fn

the rearLng contafner with the cotton wool'fltttng tn the notch ln the

dl"sh rlm, A newly-omerged second-inetar l¿rva was placed on each shoot

wlth a marinnrm of four larvae to a contalnêr" lwo such assembl-l-es r^rith

thelr Licls fn place lrerê supÐorted upright on a Jel1y tumbLer partlat-þ

ft1Led with tap water (Figure L)"

the rearlng ?ras done in a room maÍntal-ned at approximately 2Jo

c" and equtpped with overhead fl-uoresce¡nt rights" The room was

llluminated from Bs00 a"m, to 8s00 pom, cos"Tn dalþ, The shoots

remalned fresh fn appearance and nuùritlona1þ adequato for t'n¡o t,o

L GeneraL BioS-ogíea1 SWply Houseu ïneuu Chfcago, ï}linois"
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FIOI'RE 1.

00NTAIIERS USED T0 REÁR BtfDl¡f0n$Í L¡IH\IAE Cßl TAI'IARACK SIOÛIS



u:
three weeks. fn most Lnsüances lt was onþ necessery to tranefer the

larr¡ae to freEh food onco prlor to their molt to the flfth Lnstar.

Penultlrnate-1nsüar larvae l¡ere selgctect for the feedtng teots

because the ltrntted feadlng of earlier stage la¡vae dfd not perrnlt 
,.,, ,,:,

qua,ntltatlve er¡aluatton bf the technique used ln these ùeets. Iltttmate-

lnst'ar larvae, on the other hand, are Lesg sensLtfve tesü subJects be-

oause they consurne reLattvely large amoru¡ùs of food and tond to be lese 
,,,:,,.:_,::

dlec¡Lmfnate 1n thelr bttfng reactíons. Fenulttmete-Lnetar (ffth- i,'..,,

Lnstar) spruce budworm lervae were ldenttfled b6r their eolor and by :i,,,,.
.t:1: ..-); :

head capsule measur€nenùs (McGugan, 1951+g Bean and Batzert it9l'l). A 
l

compltcatlon aroee tn the case of the Jack-plne brrdworm due to the

oocrjErenoe of a seyenth lnetar fn about hatf the larvae (LeJeune, :lgfu). I

The larvae used fn theEe tests were those wiüh penrrlttmate heêd-câp-

sule wldühs u'lthtn the range reported for the soren-tnstar g:rou-oc 
,

I¿rnae lúere removed from thetr rearing contatners approrimately 
I

slx hours before the comnencement of a test end were placed tn plastfc 
i
j

petrf dishes containlng dLscs of fllter pap€r rnoistoned wlth dlsttlLed
water. The prlmarT purpose of this pre-conditioning treatment was to 

¡¡,i,,:,1,
::-::l:

allow for enacr¡ation of the gut and thus provent fouling of the test i,,,.r....,.,

ltit:',"discs r,rlth faecaL materlal that might influence feeding r€spons€s. , ,

{gthods Used fn les-ttng and Measurfng J'eedlng Responsgg

Several technlques have been devlsed for üestÍng the effects ir,:::...,'¡
i:;.,i.',..of chemlcars on the feeding responses of mandibul¿te phybophagous

fnsects (Thorsteinson, 1955). Basiealþ, the techniques are of tr^¡o

t¡ges. fn one the substance to be tested is eLther coated on the sr:r-
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fece of the hoet plant leaf or fnftlùratecl lnto l-t. In the second the

teet materlal Ls Íncorporated lnto a non-stLmulating rnedÍun such as

ftlter Þeper, pfth or agar gel. The amount of feedlng 1s dete¡mined

i,,i eLther direotþ by measurlng the quantfty of materlaL eaten or tnd.t-
,,1

rectþ by countfng or weighlng the number of frass pellets produced. A

r novel variatlon of the filter pàpêr techntque '!'úas r€cent\y used by

,,,, Davls (1961) ln feeding tost's r,rlth wireworm larvaê. He applted the
,.i:1"" test matertals to IÍnfdfsks (Ottco Laboratorles fnc., Detrof.t, MfchLgan)
. :.:- i,-.,,1 and maasured the amount of feeding fn torms of llght transmlssion

, velues measwed wlth a Photovolt densltomet€r. Bect (1996a), tn his

; lnvestigatf.ons of the feedlng reactf.ons of neÌrly-hetched E\rrop€en oorn
t,

i borell lârrrae, us€d agar-based dlets and enpressed results tn termE of

the quantltative dlstributlon of groups of eetabLtshed feedlng larvae

n choLee tests

In the present lnvesülgation a modtflcatfon of the plth-,illsc

teohnf.que orlglnated by Raucor¡rt and lrowelot (1936) was utllized.

rlapanese elder pf.th has certain advantages ovsr the other two conrnon\y
.'..::;:, used media, filter peper and agar, for use r,¡.Ith budworm larvae. Fil-ter
,"''l::.:':i paper was found to be unsatisfact,ory as lt is too tough and ffbrous for
.1,::i.j

the larvae to feed on readlþ. Agar proved unsuitable because the

hablt of the larvae of tunnel-Llng ín the rnedlum rnade 1t difficult to

count frass peLLets accwateþn The establlshrnent response rnethod of
: ::i

Ì Beck could not be employed because lt was not possibLe to have avail-

able srrfficlent numbers of new\y-emerged postdLapause larvae of unÍform

age o
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Slices of Japanoso eldor plth2 woro cut, to a thtclcness of 200

mÍcrons with a sllcling mierotorne and punchecl J.nto uniform-sized discs

of l/2 lneh dÍameter with a stoel cork borer. To obvlato cli-fferences

clue to vartatlon j.n the terbwe of the pÍthe the dlscs rrsecl in arg

given experiment woro cut from the same ptece of pithn The ctry discs

r,¡ero ímmorsed, 1n a solution of t,ho test .qubstance for fivo mfnutesu and

then were removecì, drainod of excess soluiíon and air-drj.arl" For test,-

ing purposes tho dlscs lrere nounLed on wax-treated papor. The naper

was prepåred by dippÍng tn rnolton paraffi.n and drainirrg off the excess"

The discs vrere thr:n placecl in posl'bi-on on the paper and pressed lightþ
on the partlalþ-cohfioaled wax with a clean cork" Care v¡as taken that

the paraffln did not impregnat,e tho díscs"

Budwortn l-arvae are strongly thi.gmotactic ancl aLso rospond

positlvely to a díffuse J-Lght source Ín aLL stadfa (t,lettfngton, I-9hB) 
"

These behavioural characterÍstics were talcen into aecou.nt in designing

the test charnbors and Ín arranging the lf-ghtf-ng conditfons under which

the tests were conduoted, The test ehambers were rnade of acr¡,]_ic

plastÍc plates 1,! mm, in thicl¡ness whÍch coulct be quickþ assernbled in
sandwieh-like fasLon" A circular area v¡as cut from the mídcì1e of the

centre plateu In ths shallow chamber so-formed the l-arva could maintein

simultaneous contact with the dorsal and ventral body swfaces thus

favoring the thlÉrnotactic component of its behavioural- response,

Experfrnents were earried out on a ì-ight table consÍsting of a box r,¡ith

2 Po""h*"ed frorn General Biological supply Houso, ïnco, chicago, ï11.
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black walLs and top ancl a floor composed of a sheet of grorrnd 6¡Laos.

The gLass uas llghted from belorv þ fluorescent tubes. In single-df-sc

tests the lfght r^ras restrlcted to the aroa of the test dlso by means of

a'bleck pepor mask. Thl-s served to orient the larva to the dlsc. Er-

ploded vlewe of the two t¡pes of asse¡rbries used ln stngle-dlsc and

cholce testsr. respectiveþ, are shoun in tr'igures 2 and 3. Test chan-

bers are shown Ln posltlon on the ì-f.ght tabLe ln Flgwe lr,

l¿rvae fed readlþ unclen the,se cÍrcwrctarùG€s¡ Moistenfng of ,the dLs,cs

uould have int'rocluced an unoertain varfebLe ee 1t would have been dif-
flcult or lmposstble to rnalntal.n unlform condttlons of noistrrre

throughout the test perÍod"

.411 teste ?¡ore of L! horrs duratLon. ThLs allowed time for the

lervae to consune eufficlent materlal to perrnlt quantitattve measure-

nent. No¡mel larvae remaÍned active throughout the test perLod. rn

cases where the larvae died, appeared morlbund, molted during the test

or tlere Ln a noar-rnolt condJ.tlon at the conclusion of the test, the

tests r¡ere dfscarded. fuperiments lÍere conducted. at room temporature

which Ln most cases was fn the range Zjo C, +,o Z6.f C.

. Tlme-lepse phoüograplry provided lnformation on the frequency

and pattern of larval feeding duríng the test perÍod. Thís conflrmed

that the l,arvae remalned more or less unlJormþ active throughout the

üest perfod and showed that the frequency of feedj.ng was approximaùeþ

the same during the last haÏ' of the test as during the flrst half,

There lras no lndlcation of a progressf.ve change in feeding response

i.,-,,r,_ì.,In eII css€s ühe treated ctfece were used 1n the dry sË,ate. The i,',.,,:.,

r "r-:,'



FTGURE 2

ETffIODAD VTEW OF TEST CÍTA¡\,IBER USED TN gTNGT,E-DISC trESTS

1. Black cardboerd U.ght shieLd.

2. C1ear Plastlc cover.

3. Feedf.ng chamber. .

lr. Test eheet wlth pfth dtsc in centre'

t, Black cardboard lteht shleld wlth
hole Ln centre.

6, Clear plaetlc bottom Plece.
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FIGI'RF 3

EXPLODED 1,:TEhT OF TEST CHÁMBER USID IIIT g¡¡g''' TESTS

1. Black cardboard 1ight shLeld.

2. 01ear plastf.c cover.

3. Feedtng chamber..

l+. Tesù sheet rrlth truo pfth dtsce fn
pos!.tlon (ffiaÏl solld clrcles)
Alternate positlons fndtcated try
snell dotted cLrclee.

5. C1ear plasttc bobtom-ptece.
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dr:rtng the test. The ttme-3.apse studles are descrlbed end the reeulte

sr.mnarLzed 1n AppendLx B.

fn order to faclLLtate meaerrrenent of the amount of feeding the

pitn aiscs were stalned u'lth rnethylene blue on completf-on of the test.

An enlarged lrnage of the stainod clfse was proJected on en or¡t,llne form,

using a photographlc enlarger, an<l the area eåten Ìtas traced on the

form and measured rrlth a planlmeter, The measr:rements were e)rpressed

Ín terms of the percentage of the disc area consumed. Flgures 5 and 6

fllustrate staLnetì dlscs fron a slngl-e-d,Lsc test and cholce test re-

spectlvefy

Freparatlgn-of Hoqt F1å,nl'gË9ragts. an$ Ánelvefs for Sr¡gqL Contg,t

Hoet pLent foltage and stamLnete flowers rrere collected betr'reen

the horrrs of 8$0 å.n, snd L0rO0 â.fi. C.S.l. and lmedtateþ deep-

frozqn. The meterial was etored- al -29o C. and. later drLed by the

freeze-dryfng process. It qas fr:rther dried in a vaculm destccator and

then grorrnd ln e nechanLcal rnortar untll lt wouLd pass a 5O-mesh Bleve.

The resultlng powdered neterLel was süored Ln the dark, tn tlghtly

stoppered. gLass bottLes, ovsr caLcÍun cbLorlde.

Material for use in feeding tests and sugar anaþses l^tas pr6-

pared by exbracting an accurately weLghed portton of the drled powder

ln a nlaro¡.soxhlet apparatus. The exbract was t'hen suttabþ eoncen-

traüed by neans of a rotarJr vacuun evaporator.

trn the anaþs1s of the exbracts for sugar concentratf-on thøy

were first clartfled by the method of Hassfd (1936). TotaL suger con-

tent of the cl¿rified e¡rbract was deterrnlned by Dreywoodrs anthrone
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ruGURE 

'
¡N EXAI,ÍPTE OF TI{E RESPOI'ISE OgTAÏNED IN A

STIIGI,E-DISC TEST
(the ptth dlsc has been stalned wlth

mettylene blue)
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FTGUNE 6

AN EX¡MPI,E OF TI{E RESPO¡]SE OBIAINÐ TN
.AT{ ÁLTERNATE-CHOTCE TBST

Dtsc #1. treated r\rith 0ol M, sucros€.
¡tsc #3. treated wtth 0"1 M" sucrose

pJ.us O.02 M" I-proline.
(the pith discs have been stalned lrlth

methyLene b3-ue)



method ss descrLbed by MorrLs (f9hg). The results w€re e:rpressed es

glucose equlvalents. Photornetrlc determfnattons were made wlüh a

ModeL B Beclman snoctrophotoneter.

Fr.epargtlon of Soluttons used fn Feodl-ng Tests

So}¡blons of all chemÍcals r¡sed 1n feedlng tests were freshJ¡r

prepared t¡lthin two to threo hours of the oommene€nant of the tests.
Exaepf for those cases where the solubfLtty properËies of the test
chetnLcal did not permit, the solvent used rûas a 5b per cer¡t solutton
(by volume) of ethanol i.n dlsùtlIed uater. DLLuted eüheno!. uas prefer-

able to dtetllled waùer as a soXvent because f.t accelerated inf,lltretlolr
of the dl'scs and subsequent dr1¡tng. ConcentraùLons f.n mosù ceses were

e:<pressed as nolarLt:Les as reeonmended by pfaff'nren et ar (llgr]lil. Where

a number of concentrations wEre tested, as Ln the slngle dtso üesüs, the

lor,rer concentraùlons wêre prepared þ serÍal dLlutfon. As onþ a few

hr¡ndred m1Ili-grams of the test substance nungenln and l-ts aglucone were

irvaLlable, solutfone of these chemfcals ïr€re prepared by dissolvLng a

wetghed quanttty 1n a small volume (l+ or 5 m1.) of solvent delLvered

from a vo}¡netrte plpette. ConcentratLons Ì16r€ er(pressed es percent-

ages of welght þ volume, f..e. grams of test chemlcal in lo0 ml. of
solvent. The concentrattons of shikimr-c acid, D-qutnfc actd and com-

pounds related to the aglucone, 3, l+-a:i4yarorgracet,ophenone, were

s1¡nlLarþ enpressed to facLlftate cornparison of. results.

Sor¡rces of Cþemic+s uged in 4eedlng_Tests

Srrgars and m-inoslüol - l{utrftlonal BlochemtcaÌs Coryoratton,

r: :: l:

:.::.t

Cleveland, Ohfo.
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CHAFTER NT

tARVAt FEÐIItG RESPONSES TO PLAITI ETTRACTS At\lD pttRE

CHEMIC/IIS IN STNGI,E-DTSo TF^STS

In SIIIGIE-DISC TESTS I¡IITI{ PLAI\T ETTBACTS

The feedfng raactlons of spnrce and Jack-pLne br¡dworm Le¡vaa to

crude ertracts of host plant tiesues were lnvestlgated tn some preLÍnf.n-

aqf experLments. I)rbracts were prepared from freshþ-collected or doep-

frozen vegetattve shoots of wtrtte and bleck spruce, balean ffu and Jeak

pine and from stanlnate flowere of whtte sprue€ and Jeck pfne ustng a

rarlety of solvente. The plent tfssuee were nacerated Ln a Uar"lng

blendor r¡tth the solvent et the temperatwe of ite bofllng potnt. Ten

nl. of Eolvent were uged for each gram of tLggue. Followlng flltratton,
the exbracts üere concentrated to abor¡b one-elghth thetr original

volume þ means of a rotarlr v€ouurn evaporator.

E:rbracts prepared wlth the following solvents elJ.clted feedlng

responses: dletilled r,rater¡ 95 per cent and 50 per cent methanol; B0

per cent ethanol; and 90 per cent f.sopropanoL. No appreciable feedtng

occurred on dlscs treated with errbracts prepared ¡rith petroJ-eum ether,

chloroforrn or ethyl acetate. Slmilar results were obtainad when frozen-

drLed p]ant tissues tiere exbracted wlth these solvents in micro-sotùlet

exbraetors.

The results indfcate<l that 80 per cent ethanoL was one of the

most effectlve solvents for e¡rtrection of acttve constituents fron the

host pLant tlssues. Amongst the r¡ariety of substances extractable by
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thfs eolvent ero sugars and amlno soLds, üwo grorrps of cornpourrds. Ìrror¡n

to tnduoe feedtng rospons€s 1n some insects.

sen¡eral sugars ancl anrlno acids ee well as certaÍn othro o*-
pouncle knoun to be present fn appreclable quantltles in ethenol ex-

tracts of conlferoue folfege lrere subsequentþ uütl1zed 1n sfngle-dise

feedlng tee¡ts.

fI. SIÎ\TGLE-DISC TESTS tÌtTTH SUGÁRS

The prlncfpel sugars present tn the needles of conlfers dnr{ng

the sprtng ancl sunner rnonths are glucose, finrctoge and nuorose (Rlawell

99 31,, Ig52l llefehr 1998t Parkó , ]:9ËÐ. These 6ìrgêrs heve elso been re-
ported to be present tn the pollen of varLous spectes of pine (foAA ena

Br.etherlok, llgbz¡ llflsson , Ig54 Hevtvt and ï,elbowltz, ]t9ffJ). fn the

present studf thefr ocotfirenoe fn eltracts of newþ-cleveloplng vegeüa-

ttve ehoote arrd, süemf.nate flowere of uhfte spruce and Jeck pfne was

conflrmed by paper chromatograplry uslng the developÍng sohrent system,

n-butanol: aoetLe acfdl water (h:115 volumes). Assarsgon end Theander

(1958) reported that smal-l- amounts of arabinose, :,ylose, galactose and

nellbLose lrere present Ln scot,e pfne (Ff.nys sylvgsgrls L. ) needles

coLlected in october. Nelsh (op. c1t.) and parker (op. cLt.) for¡nd

ap,preclable qrnntltfes of rafflnose Ín spruce and pine needles fn the

fall and wlnter but none ln the late spring and summero

The aboveqnentloned sugars, as well es some others of l-nterest

due to their reported lnfluence on the feeding ectlrrltles of other

insects, were used Ln a serLes of singl.e-digc tests. Test replf.cates
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ususlly consfsted of four concontretlons of the test sugar ranglng fnom

O.OOL M. to 0.5 M, together wlth O.l M. encl/or 0.5 M. sucrose and a

di-sc treated rrtth the eolvetrt, 50 per cent ethanol, alone. preLirntn-

ary tests had establlshed that ta¡nrae fed readlly on dfscs treated !,rlth

0.1 l'1. or 0.5 M. suerose. Therefore such dfscs served as effectÍve
posltLve controls and prorrlded a Etandard basJ.s for cornparfeon of feed-

Lng respotlsêer DÍscs treated wlth the solvent alone sen¡ed as negatlve

controle. A total of ftfteen sugars ?¡ere used Ln üests rrlth spruce bud-

torrn larvae and slx of theee were also tesüed r.rlth Jack-ptne bn¡dsorm

lervee.

The resulüs of teets wlth spruoe budworm len¡ae ere ournne rhzød,

ln Table f and those wlüh Jack-pfne budr¡or.rn lerr¡ae j.n Teble fI. Tho

nu¡nbers of poslülve and negatf.ve feodtng responses for each conpound

and concentratfon tested are gfven. ThE evorege amount of feedlng at

each conoentratfon of the ùest conporrnde end oontrole $as evaluated

sent-quantltatfveþ. The marrlmun avorege rêsponse Ín each test sertes

ïae rated es + + + + + and Lesser responÉre¡r ïr€re rated proporbtonateLy.

A negatlve sf.gn fndf.cates no feedfng response end (+) indfcetee ühat the

amount of feedtng wa8 lese than one-flfth the maxlrnm.

D-^0raþlnose# and t-Arablpoget

Otre¡ 50 per cent of the larrrae of both species exhfbited re-
sponses to D-arabÍnose at concentrations of O.l M,r 0.02 M. and O.OOlr M.

1 # Denoües compouncls that were tested
.. and Jack-pLne budwornr.'* Denotes compounc{s üestecl wlth the

wlth both the spruce budvrorm

sprucë br¡d¡¡orrn only,



Test sugar
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STIT.GLE-DISC TESTS }üITH $T'.ARS - SFRTFE BIIDT{DMÍ

D-.Arablnose

L-.Arabi¡ose

Nwber positlve
ItTunber negative
Relative rean responsas

lùrnber posltlve
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Relaüive meen response:

Nunber posítlve
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lest sugar

D-Glucose

D-Marnose

trIuaber posltlve
Nunber negative
Relattve mean :res?onse:

Nmber posLtlve
Nrmber negatlve
Relatlve mean response:

Nunber posltlve
Nuaber negative
Relatlve mean response!

Nr¡nber posf.tive
Nt¡nber negative
Relative nean responses

Nunber positlve
Nunber negative
Rel¿tlve meân rsspons€3

Nrnnber posf.tf.ve
Nunber negative
Rel¿tive mêaï response3

Ð-Galactose

TABLE f (Conütd)
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Tesb sugar

Trehalose

Molar
concentratÍæ

Nrraber posltiv.e
I\Tr¡nber negative
Relattve meen responses

Nr¡dber posftlve
Nr¡rber negative
Relative mean response!

Nwiber posltive
Nwrber negative
Belative mean response!

lh¡nber positive
Number negaüive
ReLatÍve meaa response!

Raffinose
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Test sugar

T^ABI,E IT

SÏNGTE-DISC TESTS Wflg SITGARS . JACK-PItrTE BIIDhNCR{

D-Arabinose

Feeding
response

ï-Fucose

Itlurnber positi_ve
Nunber negatlve
Relative ln€an res-oonse:

Nr¡rnber positíve
llunber negative
ReLative mean respons.e 3

Nunber positlve
trh¡rnber negative
Rel¿tive mean response!

Nmber posltive
hTr¡ùer negative
Rel,atÍve mean response !

Itlunber positive
Nurnber negative
Relative mean response!

Number positlve
Number negatine
ReLative mean resDonse:
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tlack-pine budworm larvae exhlbLtect some rosponse at a concentratfon

of 0.5 M. but there !{as no feeding þ spruce br:dworrn Larvae aü thts
concentratfon. This sugar was conslderably less sütnuLåting than o.L
Ì4; sucrose. There was only e vetT¡ sltght responso to L-arablnose and

at no concentration dfd over 50 per cent of the larvae feod on the

clÍecs.

A slmller difference ln the relettve effecttvenegs of D- and

l-arabtnoÍre rdes noted by Dethtet (19Éil for the blowfþ, p,hormta

IS$9. The aeceptance threshoLd for the tareal chomoreoeptors uas

o.lhh M. for D-arabfnose compared to 0rÉ36 !f. for !-arablnose. Ito
(1960), 1n studtes wtth sllkv¡orm larvae, obtained a stgnf.ffcant feedfng

response to L-arabtnose at a conoontratl.on of ca. 0.05 M. He dfd not
test D'.srabfnose. ohnesornge (xgii) found that erebtnose (isomen ?)

lnduced feedtng by edults of the root weevLl, ïfyJob_us abietfs L.
.A¡abfnose Ls non-stfmulatfng to the honey bee (von FbJ.sch, rg3+),

D-f,ylose*

Feedfng responses occr¡rred f.n over þ eer cent of the tests at
concent'ratlons of 0.1 M. and o.o2 M. Tho anount of feedlng wâs con-

siderabþ less than on dlscs treated lrlth o.f. M. sucrose.

Among lnsects that show a feeding responso to rç¡lose are the

blowfþr P. reglna (9p. ü.. ) and the bl¿ck-mound terrnfte, Arnfterrnes

atlantlcug FulLer (skafe, rgsÐ. ïTo sblmur.ating effect was found for
the siLlcv¡orm l-anra (g¡r. clt.)e rrymphs of the deserû rocust, schSsto--

c6rca gregaria (Forsk.) (naaa, 1g60) or the honey bee (g. 9it.).
Ohnesorge (op. clt.) found that : lose acted as an olflactory attractant



for aclults of H. ebletls.

I"-RhannosetÊ

No feeding occurred on drscs treated wtth Ï-rhârûro'€r
skatfe (c!'. crt,) obteined a feodtng response to thts s'gar

rvtth the br¿ok-mound termtte and it wao weakþ strmurattng for eilk-
worm lervae¡. No behe'l0urel respons€ uas noted rrtth the b10wfþ, p.
¡eglna or the honey bee.

L-Fuooee#

Thrs wes the onþ pentose tesüed on whÍch the lervee fed to
el¡nost as gneet an extent as they dtd on 0.1 M. sucros€. Thte 1s ln
agreenent wlth results obtar.ned ïrrth !. regfn¿ edulte. Frrooee also
etirnulates feecring by the honey bee but ft 1s not eocepted by nymphs

of the clear-wtnged gnasohopperr *;".r1å pelluctÇg (Scuader)
(Thor.steinson, ]lgls),

D-Glr¡cose#

-

Pronounced feedrng responses ruere obùalned wrth !_glucose
especl'aIþ at a concentratton of 0.5 M. This sugar .¡üas considerab\y
less süimrrattng to the srpruce budr,ro¡rn than was suorose. rto (gg. crt.)
found the same relatlonshlp wtth sllt.ororm lårvae. Glrrcose has been
demonsbrated to bo an effectlve feedtng stiïnuLanü for many insects buü
is generalþ less effecttve than sucrose or fnrctose.

D-Mannose#

38

IVo apprectable feedfng occu¡red on dr.sos üreated with
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D-tnâDnose at the four concentratione testod.

Mannose îüee reported to be sl-ightly stimulatfng to adults of

the root weevlI [. abtetls, nymphs of the deeerù ].ocusb, and the blow-

f1y g, feglng. Iü ls Don-et{¡¡1¡lattng üo the stllororm larva and the

honey bee and in fact 1s toxtc to the latüe¡r (Sole É El, lg60).

D-Oalectose*

D-Galactose lnduced a ellght feeding response aü,etl co¡o€D-

trations tested. 0nþ at a ooncentration ,of ,0.1 M¡ ,dtd over 50 per

cent of the l¿rvae exhlbLt a feedlng ,r€epono€,.

Gelactose Ls acceptabtre to !. regfne ("gg. ,,g$u.) entl ,sbtnulates

feedlng to a sltght ertent fn sf.lkworm lervae t(,9p. ÉI&.) and.¡ymphe of
the aleer-wlnged grasohopper (Thorstetnson and Jay, unpubnlshed data).

ft fs rrnaoceptable to the honey b". (gg._S.).

D-Fructose#

Pnonorlrced feedtng responses were obtained wi.th thLs sugar at
the tr¡o hlghest coneentratione tesùed. The average amount of feedlng

on discs treated wlth o¡1 M. fructose was onþ slightly less than that
on dlscs treaùed wtth 0.5 M. sucrose. Thls sugar f-s acceptable to most

ins.ects that respond to sucrose but an exception in the case of the

Golorado potato beetJ.e, Leptinotarsa decgmlineatS (say) was noted b5r

Proctor (fg6f).

ü*Ito**
Maltose evoked feedlng responses at all coneentrations tested.

It was mosb effecttve at 0.5 lt. at r'rh-ich concentratlon the response
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approxlrnated that to 0.5 M. suerose buü was not as great as ùhe .

r€sponso to 0.1 M. gucrose.
!

Melfbtose*

varLable responsos were obtatned wrth thÍs sugar. ït was onþ

wealcþ tf at all stlmulatfng. Thls compormd ts non-ettmulatlng to sllk-
worm lervae (gI,. g!.), the blorÉþ, !. regfna (g,. Ë.) and the honøy

, b66 (g. g.).

EssæEg*

Suerose lndr¡ced rnarked feedlng responseE at all concentratLong

teeted. The two hlgheet concentratfone were ühE nrost effectÍve. As

has been notod earlfer, thte sugar fE acceptable to nost anlnels.

Trehalose*

Trehalose lnduced an eppreclable emount of feedlng at ooncen-

trat'lons of 0.02 M. and o.ooh M. bub was less aoceptable at the two

hlgher concentratlons. ThLs oornpound evoked postttve feedlng responses

f-ri P. reglna (9I,. É. ) and the honey bee (gg. cft. ) but does not

stlmulate feedlng of stllmorm larvae (op. clt. ) at a concentretlon of

about O.O5 M.

Raffinose*

The larvae exhibLted e narked feedlng response at the highesb

concerüration tested (0.1 M.) and a Lesser response at the lower con-

centratÍons. SeveraL lnsects incLuding sLtlo¡orm larvae, rymphs of the

clear-wlnged grasshopper and P. regina adul-ts ¡rlll accepb this sugar
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but tt does not evpke a feedfng rasponse in the hoaey bee.

Ìfelezitoee*

only a very erlght feedlng responsg was obtelned rylth ttrtg
trleaocharlde es ïes noted wtth sfltnuorm larvae. rt ie aooeptable to
P. rEgllg end ùhe honey bee.

The niost effectLve of the sugers tested were frroose, fruotose,
rnartooe, suorose end refff¡ose. 0f these only euerose and fnrotose
occur tn appreotable quanttùfes, Ín the free eüate, tn thE plant
üfgsues on whtoh the larvae normalþ feed. Meltose and rafflnoEe heve

provon effecti-ve feedlng sbtnulants for a nu¡nber of fnsecüe whfoh have

been tesùed. The effeotfveneae of fr¡ooee does not eppoer üo have been

extenelveþ firveetLgated. ft ts very rütrnulettng ts ùhe bloÌrfly,
Phorufa xgglnar the tersal threehold tn behevlouraL tests belng o.0g?

M. (gg. g.). However, lt cannoü be utlllzed by ttrie lnsect end

probabþ ls poorþ utillzed ff at alr by most fnsects. Gluoose ls
onþ sllghtþ sùtrrulaùtng ùo budworrn larvae although fü oecr¡¡rs tn
appreclable quantltles in the free state tn sone parüs of the host
plant on which the l¿rvao feed.

rrr. STNGLE-DÏS0 rEsrs wrrll ¿r,IrNo AcrDs ÁIilD AI{IDES

'

Ántno aclds and arnldes oecur ln the free state f.n apprecLabÌe

quantlttes fn groreing plant tLssues. Sorae have been reported to be

p'resent f.n especlalþ hfgh concentratLon in anønophilous pol-lens.

vlrtanen and Kar{. (rg5Ð reported that free proltne r.s presenb in much

greater anounts ín guch pollens than 1n the green parts of these plants.

/rrïNitËÈlmhkø
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They also foun<l that the emides asparagf.ne and glutarntne were of.ten

present tn appreciable quantftfee. Hatano (f:grt), who lnveettgated the

antno acids of the stamlnete flol¡ers of Jepanese bLack plne (ptrrug

l'hunbergfl Perln) and Japanese red pfne (!. densJ.f.lora sieb. & suce.),

repo'rüed that proltne, arglnLne and glatamlc ecld were those present in
highest concentratlon 1n the free state. Havtrrt ancl Latborrtfz (¡¿g60)

for¡rd ttet prollne, argtnl.ne and histi.dlne were the noet abn¡rdant free
amino eclde ln the pollen of @ oanPrtgnstg. Fr€e arnino actds end

sugers constftuted r.3 per cenü a¡rd 11.2 per oent, respectLveþ, of the

freeh weight of pollen of I. ggÍ_|lpg!g,

The effecte of amfno acids and aml.dee on beherrlorrral responses

have been Lnvestf.gated wlth varf.ous Lnsects. Beck and Hanec (Lg5g)

teeted the effeets of several antlno acLds on eggrrêgatlon responsee of
fLrst-f.nstar Ewopean corn borer fari¡ae. They found that l-alanine,
De L.o1-s¡1no-n-butyrlo acLd, L-serf.ne and L-threonlne evoked positlve

respoûrses whl-le L-trTptophane, L-argfnine and B-alanlne had deterrent

effeets. The other emfno acids tested had no signf-fLcant influerçêo

Tauben (Igtg') used 2h l--arnino acids fn feedLng tests rrlth ftrst-tnstar
rymphs of the cleer-t¡'1nged. grasshopper. Sllght positLve feedtng resporþ

ses lüere noted for L-alanf-ne, Ú-aml¡o butyric acld, r-cystLne, gLycine,

Ìvdrory-f,-p'ro11ne and L-serf.ne" A mircbure of t-aleniner l -amlno

butyrtc acld and L-eerine evoked very active feedlng responses. Tlrese

three amf,no acids occurred in combination in a host plart e:rbract

fractton whlch lras very stirrulating to the rrymphs.

rn tests rrlth lan¡ae of the wr¡eruor-msr 4grtoteF lineatus,
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A. obscwus, A. sputol (Thorpe .t 3I, 19\6) and Ctenlcerg aerÍpennfg

desùructor (Davls, L961) nono of the amlno acLds tested evoked feedlrrg

rosponses. Sl'aife (L9t5) obtatned no posLtive behevloural responses

to anlno aotds rrtth the bleok-mound terrnfta but lnhlbtttng effects l¡are i;,,;.;,.,.,,,.

r --r LJ r- t - 
':::_;:-':'

noted et hLgh concentratlons. Dethier (195Ð falLed to obtain ar¡r :

positive feedfng respons€s þo 5j emlno acld.s tested wtth the blolrfly,

I. @!g.
'' 

-^ 
r-- r ;r;',,.ij':: Ttre lnrportanae of certain amtno aolds and amld.es on the orlen:, ;1r-'..,¡

, tatl.on of lnsscts has been dqnonstrated t4¡ the studfes of Thorpe et eI :,;,:.,¡,.;,,

(99. 919.) on wlreworm l¿nrae and of Brown end Carrnlchael (fç6f) on

adults of Aedes aeg7ptl (L.).

The selectlon of arnlno acLds used fn tests wlth spruce budworm
i

larr¡ae rms based on the publlshed results of anaþses of contferous
:

po1.1ensandthefeed1ngre8pon8esofotherl.ngectsasdJ-ecusgedabove.

The resuLtg of the tests ar€ sumrnarfzed. Ln Table rrr.
I

0f the elght compounds tested onþ L-pror-Lne conslstently evoked :

. feedÍng responses! The anount of feedLng uas mueh less than that induced

þ sucrose. The stittnrl,atlng effect of t-prolf-ne was of particular 
;,,,,.;,,,,,;
, .'.1:'

lnterest fn vlew of tts reported presence tn relativeþ high concentra- ¡:..: ...

þLon 1n pine pollens. ïn ühe tests r,rith Europoan corn borer larvae and ltJtt-'

clear-rrlnged grasshopper rq¡mphs referred to above thLs amino acÍd ¡ras

for¡nd to be lnacttve.

I]Y. STNGI,E-DISO TESTS h'TTH OTHER CO}TFOMIDS

rn addltton to the above-nenütoned sugars and amfno acLds a fer,r
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other cornpounds wore lnvestfgated 1n slngle-dLsc teste ¡rlth the spruce

br¡dr¡o¡m. Pungenf.n, a glucosLde whfch ooeurs tn nature spruco needtes

(Netsh, lgfi) ¡oas tested at eoncentratlond of O.2r 1.0 and 5.0 per

cênt. No feedtng responses w€tre obtaLned. Shtkin¡1e acid, another

conpoun<l whlch l.e known to be present Ln spruce follage in aprprecleble

anounüs, was üested at conoentratlone of 0.5 and 1.0 per cent and no

feedtng responses were noted. Meso-Inosfüol wae tasted at a concen-

tratf.on of 0.1 M. At thlg concentretlon lt evokes feedtng reoponsos

þ several ptry'üophagous Lnsects tncludfng the e!.ll,n¡o¡rn (fto, il9&))t

the tobacco hor.¡ruom, IIglglgIE serÉt? (Johanneon) (Ta¡nar¿oto end

trÞeenlcel, 1960 (e)) anrl the Mexican bean beetle, Epf,¡Jlph+F yalfve-sü1g

Mnlsant (Ltppold, ].:gtü. No feeding rosponses were orbtafned wlth

ftfth-lnstar apruce bnrdworm l,arvae.
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CI{APrER V

IJTRVAI FEMTNG NESPO{SES IN CHOTCE TESTS

ïo cHoIcE TESTS W:rg pr,nwT trI'MCTS

rn prellrninary tests dLscuesed ln the prevloue chapter lt ¡vas

eetebllshed that aqueous and alcohoLfo hoet planü extraots tndræed

IarvaL feeding utrtle no reoponse flee obtaÍned wlth exbracts prepared
rrlth certaLn fet golvents" Frrther tnformatfon ooncerntng the role of
fat-s6fir¡1e oonstltuentg and the reletfve effectiveness of aqueous end
eloohollc extracts wêE obtafned by means of chotoe teets.

The plant natertar from wh{ch the exbrects rf€r€ prepared wae
partially elçanded whtte spruce vegetatLve shoots ap,proxùnetely one tnch
tn lengùh colleated June lr, 1959. These !rer6 processed as descrLbed Ln
Chapter ffI to yleld a dry polrder.

. Two 5Oo

Itg' porüions of desLccat€d wtrtte spruce buds were exbracted in mlcro-
soÉrlet axtractors on later baths. one uas exbracted for 6 hor¡rs rrlth
l'00 mI' petrbleuur ether and the'restdue Ì¡âs re-êrdracted wlth 100 rnl-.

of 80 per cent eühanor for L8 hours" The other uas elrbracted r¡ith B0
per'cent eùhanol only. The tr¡o ethanoL exbracts rr€r€ concentrated to
10 mln volume using a rotary vacuur¡ evaporator and suspended naterial
mìs removed by centrlfugation.

The results of alternate-choice tests wlth these two e¡rbracts
ere swnnarfzed l-n Taþle IV. There uas no signfficant dlfference f.n the

Choloe Testg !úth Hoet p1g¡ü Drtracts wlth Dtffcrer¡t Solvents
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amount of feedLng on the two sets of dlscs. It can be conc}¡ded'thet

the pÌastld ptgrnents and other constLtuents soluble 1n petrolerrn ether

had.nelther a etinulatlng nor a deterrent effect,

cornparleon- of ethsnor and_gqueous ex¿racts gf !ühtte qprucg, b$s,
A tOO mg. portlon of the desfccated plant meterlal was e:rtracted wlth

100 ml. of dfsttlled luater 1n a mfcno-soxhlet exüractsr for 2h horrrs,

Ttre exbract flas corrcentrated to 1O mil. by evaponatfon on o troü p!.ate et
low heat and suspendod rneterfal $as renoved .by oer¡tl,.l'f,,rrgarbf.or¡" Response

to this exbract and the 80 per cent ethanol exùract ru6€d tn ithe previ.otre

e¡perlment (a or Table rv) was compared Ln a serÍes of a!.üennaüe ohoi.ce

tests.

Both exbracts were analyzed for total suga¡s by the anthrone

method. The alcohollc exbract, contatned l+.3 grâms gluoose equivalents

per Lf.tre and the equeous exbract h.8 grarns glucose equivalenüs pgr

l1tre.

The results of the fe'odlng teste ere sunmarLzed in Tablerv.

There was a consíderably greater rêsponse to the aleohol-te'exbract than

to the aqueous e:rtract dnd the dlfferenee r{as signtflcant at the I per

cent leve1. Although there was l-iüüLe dlfference 1n the total sugar

congéntratlon of the ext,racts, lt is probabLe that h¡rrdroþsls of the

sucrosê occurred to a great,er exbent in the cours€ of exbractlon ¡rlth
ruater. Thts qr:alttatÍve dffference in the sugars might have been

responslbLe for the dÍf.ference Ín response to the two exbracts. From

what fs li¡rorcn of the relatlve stfunuLattng effectLveness of sucrose and

lnvert rrugar from other studtes thls does not seem lfkely. Frobabþ

il:ì:.i ¡.¡



TABI,E TV

AITERNATE-CHOïCE TESIS - SPRUCE BIÐI,iOm{

8O FEA CEîIT ETITANOT E]ORACT OF W¡I..I,TE SPRTTqE ffiT}S (A)

80 PER cE'¡rT E$lûNot EKTnÁcr or v¡lltin sFRucE BIJD ,RE$tDuE rrolJ,oltrlrïo
PETROTETfi ETHIIR iÐßT.RAOTIOII (B)

be

Repltcato Per ,ce¡It ,dlso qr€a
edten

lDf¡fferenop 'frranef,ormed
rüfflfg¡nence

B Aor!,(M

-1.13?
1.h61
a,22il
L,h63
0.627

-o.239
-1.836
0.780
2.63b

-2.1h9
-1.Lil¡

-9
xh

2

9
5

-2
-20I
2h

-16
-r2

20
16
18
I

t3
18
ho
22
10
t9
2h

11
,30

20
Xlr
18
16
20
3o
3b

3
L2

I
2
3
Ir
,
6
7I
I

10
11

{x 208 205 0.021

x 18.g0g L8.636 o.2_73 0.002

l*2 25.b63

..:']

rli
t - 0"00h

fol=3.169 þo1:*'z.zz8
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TÁBTE V

ATTT¡IilIATE-CHOICE TBSTS - SPRIIOE BI'il{ONM

BO PER CMT E[ITáN101, EXTRACT OF I{TTTTE SPRUCT] BI'DS
vs.

AQrrEOrrs EXTRACT OF lirrITE SPRUCE BITDS (B)

(A)

ReplLoate Fer cent dlsc area
eaten

Dlfference Transfomed
dljference

BA ,Æ--tE
9,'133
2,g67
2.032
},Lfl6
0.868
2.937

9t
13

?
t7
h

L'

2
0
0
0
3
I

t3
13

7
t7

?
16

1
2
3
Ir
,
6

fx 113 6 10? L7,9L3

x 18.833 1.000 17.833 2.99,

t# 66,æb

¿ - la.Jo2#

tor.h;o3z þoÉ¡z.íTl:



dlfferences ln the two exbracte other than Ln thel¡ sugar content were

Lnvolved.

ChotceJgste wlth !r Plant E5rtract an9 Sucrgg

.: 
One gran of deslcceted whlte spruce truds wes exbraoted tn a

', ttlLoro-soxhlet erbrector wlth lOO mI. of 80 per eent ethanol for I hoü¡1.s.

Thls erbrect was concentrated to 10 m_1. and on aneþsfs çag found to

contetn 8.h gfams glucoee equlvalents per lftre or sltghtþ leee than

,l O.O5 M. Ln terms of glucoee eqr.d.valenüs. The feeding response to thle

erbreot ffas eompered wlth that to 0.1 M" sucross fn a eerfes of
'''.:.:': êXternaùe-choÍoe testsn The resultg are gfven ln Tab1e W.

A greater response wee obtaf.ned to the extract-treated dLecs

then to the sucrose-treated dLsos end the dtfference ïes eigntflcant

eü the 5 per cenü letral. In e4perlments to be desorlbed later, lanzee

permttted a ahoÍoe were found to respond ùo the greatest extenü to the

hlghest concentratLon of sucrosê present up to at leaet 0.5 M. The

preference for the plant exbract, althotrgh lts eugar concentratLon wae

considerab\y lower than that of the sucrose solutlon, l¡dicateg tlnt
substances other than sugar ar6 involved.

Fr¡rüher evldenee of the posslble presence ln the exbracts of

actlve substances other than sugars r€*e lndtcated by the f.nflrrence on

the effectfveness of the exbraots of treatment rcith actLvated carbon.

A 1.5 gram portlon of aotivated earbon (Uorit) rms added to 10 m1. of

a¡r'80 per cent ethanol exþract of whl-te spnrce buds. These were sheken

together 1n a flask intermittentþ over a half-horrr pertod ard then the

carbon was r€moved by centrtfugation. Another 10 rnl. of the exbract
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TABffi VT

ALTERNATE-GIIOICE TESTS - SPRUCE BIJIìl¡fOmef

80 PER CIìilIT ETHAT\IOI. ETTRACT C'F I,II{ITE SPRME BUDS
vs.

0.1 M. SUCRoSE (B)

5z

(s)

Replfcate Fer cent diec area
eaten

Dlfferencs lraneforned
dlffereace

B @-tE
-1.039
o.8g'.
o.8g?

-o o6b6
2,208
3.178
2,Lg]..
1.120
1.312

-9
5
3

-2I
2t
13

l+

11

23
t
1
3
0
9
3
I

L2

llr
10

l+

1
I

30
L6
t

23

1
2

3
l$

t
6
7I
9

Ix LL1 5s53 10.1L6
;.1 . . ,..
':iar:t::

x f.2.333 5.889 6.I+Ll¡ 1.121r

{# 25.916

I - 2"t}3lÉ

tot-3.i99 lol-2,306
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rÌas stmtlårþ treaüed excepü ühat, acüivated carbon l.ras not a.drjed. Feed-

Lng responses to the treatod and untreated axbracts were then dete¡rnined

Ln a serles of cholce tests. The rosulüs are grven tn Table 1trr.
' Conslderably Less feeding occurreri on dtece treated with the

erbract, prooessed wlth actlvaüed ca::bon than on those dlscs treatod

wlth the unprocessed exbract. Thls suggested that some actfve oon-

stftuente of the exùract were ad.sorbed þ the carbon. The activlty
could not be recovered from tho carbon by elutfon wtth water.

A 0.05 M. eolutÍon of Érucroso tn 80 per cent ethanol wae

slmllarly treated wlth actlvated carbon end response to thLs Ì,fês cotu-

pared to that to en untreated Eorutfon (Table vrff). There r¡as no

sfgnfflcant cllfference Ln response to the two so}rtions. rt eeens

llkely, therefore, that loss of actlvlty of the r,ûrtte spruce exbract

following treatrnent with carbon hten due to adsorptÍon of some actfve

constl-tuent(s) other than sugars.

Chofce Testg lrith Þrbracts of Bude and Year-ollIeedles of White Sprucg

3.s has been noted in the Introdr¡ction, spruce budro¡orm larvae

feed primarlly on the newly derneloplng fol-iage and stamlnate fLor¡ers

and onþ to e Linrlted exbent on the prevlous yoarsr growbh. plsrslcal

differences betwean the succulsnt new gror"rbh and the o1d needles with

respect to moLsture eontent ard degree of Ll-gnLficatLon rnay rnake the

latter Less acceptable to the f.arvae. The posslbiì-lty that chemical

dtfferences 1n these tissues were involved ln theLr relative accept-

abfli.ty fias invsstfgated by conrparing respo,nses to exbracts of each.

ïn these tests posslble dLfferences 1n r€sponse due to the physlcal-

t,::

:i!l



TABM VTI

ALTERNATE-0II0ICE TESTS - SPRIICE 81,01^rOm,f

8o pnR cT'T\n ETHATÍoL EXTRACT OF ÏITITTE sPRucE HJDS (A)
vs.

80 PER cEìlr unrAr\ror rïälf.\lÏrs 
ffifriå,riBÏrr 

BrrDs TREATED hrrlrr

fll

Repltcate Per cent dtsc erea
eaten

Dtfference Transfomed dtff-
€rencð

B

b.o36
l.h]l+
2.032
0.6]t7
3,923
0.000
0.608
L,Bhz'
0.000
r"lg2
2"1+o6
o.6h6

22
Ir
7
3

2,
0
5
6
o

10
16

2

0
0
0
h
I
0

llr
0
0
5
h
1

22
h
7
7

26
o

19
6
0

t5
20

3

1
2

3
b
5
6
7
B

9
L0
11
12

{x ]'zg ,o 100 19.1L7

x ta,750 2.n7 8.333 t.593

[*2 5o.697

t = l+.o7hs+

fol=3.106 toçz.zo]
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TABTE VIII

¡I,TEFIiIÂTE-CIIOICE TESTS - SPRITCE BtlDItIOnM

O.O' M. SUCROSE SOüIEIO¡I nI BO PAR CIX{T EITHANOI, TAEATED
I¡IITH ACTWATÐ C¡RBON (A)

vs.
0.05 il. sucnosE solrnloÌ\T IN 80 pER cENrT E${Ar\lOt (B)

- 

.!! !!! .- .æ

Repllcate Per cer¡b dfsc area
eafen

A-8. -\F
Dtfference Tranefo¡med

dlfferenoe

-0.5?1
a,963
O.?0L

-1.0h6
1.015
1.6L2
0.620

-3I
1

-6
9

llr
h

I
13

5
1T
I

12
I

,
2L

6
g

10
26
L2

1
2

3
Ir
9
6
7

2.79?275885{x

lC 12.1.1.t3 8.286 3.857 o.3gg

{f 6.boz

t' = L.L2h

tor=3.?o? þot=Z,\ifi



56

natune of the needl€s were obvf.ated.

Newþ developing white spruce shoots ranglng frsrn j/h lnch to l
inch Ln length ând year-oLd needles fron the same tree r,¡ere colLected

Mäy 21, 19óo" These ï€re processed to gtve deslccated p.ovrders es des-

crfbed 1n chapter rrr. A 1 gram porüion of eaoh of the,desÍccated

powders uas exbracted ?rit'h BO per cent, ethanol in a sorû¡lsb ,extractor

and each was bonce¡¡brated to a finaL voLru¡e of 2,9 mI.

The total sugar .concentrattons of t,he ü¡¡o exbnacts were 2.8

grans glucose equiva]ents per Lltre for ttre bud ,oxbra,e.t .a¡rd 1.9 .grams

glucose equLvalentÉ per lftre for the naedre .e:rÈr¿et,"

The results of choLce tests u1th ùhese ür.¡o elrtracts a,re ,gf.ven

ln Table ÏX. The l¿rvae fed almost exclusfvely on the ,bnrd ex,þract to
the exclusLon of the needle e¡rbrect. As the former coutaÍned a hlgher

concentratl'on of total sugers thts rnay have accor:nted for the dlffer-
ence Ln response' To fnvestlgate tlris possíbl11ty the br¡d exbract ms

dlluted 1:1 wlth B0 per cent àt.hanoL and thls diluüed enbract r,ras

tested agafnst the origlnal needle exbract. The results are given Ín
Teble X.

The Larvae showed a consíd,erabry greater response to the

diluted btrd e:rùract than to ùhe needle exbract. The dtfference '!ras

sfgnfffcant at the I per cent 1eve1"

rt 1s apparent that the rel-atíve sugar concentraÈton of the

extracts was not the primary factor deterrning thelr acceptabilÍty by

the larvae. Oüher dLfferences Ln the ehernicaL constttuents of the tno

exþracts apparently are involved. such chenÍcaL dtfferences musb
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TABTA IX

ALllllRlIATE-rilioICE TBSTS - SPRITCE Brfl¡IOFM

Bo pnR CEßIT ETHAI\IoL H$FÁcT oF hrHmn sPRUcF: EIDS (A) :-:..::..,.,.

Vti. i::.:.:.r..;:

8O PNR CEATT ETHAI{OL ETTRACT OF TEAR-OID Ì']HITE SPRUCE ilrfrìEDTES (N)

Repllcate Per cent disc area
eeten

Dtfference Transforrîed
cltfference

AB ,lÇ - \ErÈBA

1.1.6h
2,929
0.8?h
2.533
9.1fi7
0,896
l¡.il¡I

3
2T

2
10
6

'3
29

0
Ir
o
0
7
I
0

3
25

2
10
67

h
23

1
2

9
Ir
5
6
7

{x 13tt t22 18.013T2

x 1g.1h3 1.71¡ r7.h28 2,573

f# 6ç.096

t = 3.858t#

tol.3.?o? toí=z.lrltl
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IABT,E T

AI,TEIRNATE.CHOTCE TË'TS - SPRUCE BTDWOMÍ

80 PER CU\TT ETHANOT, EXTRACT OF I¡''TIITE SPRUCE BIJDS (DITU¡M) (A)
vs.

8o pER cuilrr ETHANoI E¡cIRAcr oF TEAR-oID ]üIrtTE sFRucE ]rEÐLEs (B)

ReplLcete Fer oørt dLso aree
eaten

Dlfference Transformed
dffferenoe

A-B 6t- - n6G:-

1.8b2
3.303
0.519
0.868
o"796
1.bil+
2.g67
0.518
2,?Ob
I'hilr
2.3L2
0"8?lr
3.101
L,259
0,000
L69a

6
L9
1
I,
5
h

t3
1

20
It

1¡
2

Xl+

I
0
7

o
1
0
3
7
0
0
0
I
0
3
0
0
6
I
I

6
20
I
7

t2
Ir

T3
1

2t
l+

1?
2

th
1¡
I
I

1
2

3
l¡
g
6
?I
I

10
11
t2
L3
IL
L'
16

29,,580],223bL96{"

'ï 9.750 2.12, 7.629 L"tgg

{* 56.5o7

t . 6"27!w

þo],-z'-glfi to*Z.LiJ].
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åccount 1n part for the preference of the lervae for the new growbh

over the oLcl neeclLes.

choice Tests-wlth Exbracts of n@ !,lowers of ï,rhtte

The lrnportance of stamfnate fLor,¡erfr as feedlng sltes for Larvae
of the two spocÍes of budworm has been dlscussed tn the Tnt,roduction.
The relative acceptablllt¡r of exbracts of staminate flor,¡ers and newþ
cleveJ'optng vegetatlve shoots r,ras fnvestigated by moans of chofce teste
simíLar to those descrrbed in the p'errJ.orrs sectfon.

Fully-deveT"operl whlte sprucê etanlnato floners end developtng
t¡hite spruco vegetatLve bud,s 3/b Lncn to 1 lnch in length were colLected
NIay Zla, lg60, They were iwnedletely deep frozen and eubsequently pro_
cossed to yf.eLcr. a'dry powder as descrtbed tn chapter rrï.

One grarn of each of the desfcca'bed stamlnate flowers and whi.be

spruce buds was erb'acterJ ï'tth go per oent ethanol end suftabþ oon_

cenürated. 0n anaþslo for total fr.ee eugars the stamfnate flower
exbraot r^¡as found to conteln S¿h gram€ gS.ucose equfvalents per lltro
and the b'd extract 3,6 grans gl,cose equlvalent,s per Li.bre.

The resurts of choice tests r,rith these two exbracts are glven
fn Table ïr. Much more feecr,ing occurred on the staminàte flower
exbraet than on the bud extracü" This difference in feeding response

was significant at the 1 per cenü IeveL.

'as the stamlnaüe fLower erbract contaÍned a htgher concentra-
tlon of total sugars than the bud exbract it was agafn posslble that
the differ€nce 1n response was due to this factor. This was investiga-
ted by dllutf-ng the starnínate fLower exbract r,¡'iüh an eqæL volume of Bo

f :'1Ì',:!:(::íìf :ã:: j::
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TABI,E XT

AITEM,IAIE-CfTOTCE TESTS - SÞRUCE BIIDWOM,Í

80 FER cE$E EmÍANor, ElmRAcr oF wrrrrì spRWE sTAMTNATE rrcr¡rens (t)
vs.

80 PER CET\rf ETIÍANOI¡ EXIRAOT OF Ir'ltlISE SPRUC'E nUOS (¡)

-:¡+
Repllceüe Per cent dLec aree lllff,erenc,e Trensformed

eafen di.fûenence

A-B \Æ'.F-\,6Ð

6.6t7
h,?zb
5.88t
3,923
5.80L
2,928
2.828
lt'.3l&
9,llß

6
29
he
2E
9z'
27
\2
25
60

1
.0
t
1
2
Ir
0
0
9

61
29
5o
26

,5h
29
T2
29
65

1
2

3
Ir
5
6
7I
9

{x 3tfi lJ+ 333 h2,792

-¡( 38.rr9 L,t5, 3?.ooo l+,195

t# 2L8.Lg?

t - 6.861*t

toL-3.39g toi-2.n6
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per cent ethanol and testtng thts against the ortgtnal vegetatlve. bud

exbract. The results of tlds gerLes of testE are gLven ln Teble XIf"

Âlthough the dflr¡t,ed gba¡îtnete florer exbract now had a r.ower

total suger concentraü1on than ths bud exbract 1t was sbtll preferred.
... t._.:.,..._:' 

Lfference t*as aEa:l-n s:Lpnlflcant ¡ 1.. larral ""''"1'j¡'''"The dffference uas agaln sl.gnlflcant at the 1 per cenb level.

ft fs epparent thet there tg e chemoeensory ,basle f,or the

preference of .feedlng Ìarvae f,on stemtnate f,iLowers over vege,taùtve . ,

' '' :l'l': : 
'1""t-;,i,' shootg. The rhlgher concentretfon,gf suger {n the rstamf.nate f[orcrs ....-...:,¡...

:.. ,i,..,,,..,j,,,,
Ils euldently not the onþ chenfoal factor f.nvoilved.

TT. $TOÏCE ÎESIS hIIIH PÌ'RE STTGAN SOIUITCNS
l

The Relatlve Effectlvenees of the Prlnclpa! Eost Plent Sugars as
I

t"-t- sttr"t-
In single-d.fsc teste wlth the pr{.nclpal host plant sqers,

!-glucose, D-fructose and sucro6e, they were all found to be capable of i

evokLng feedf.ng responses. Thel¡ relative effectlwness flas frrüher' tn- .

- vesflgated in a sertes of choice tests wlth spruce budworm la¡lae. Each :; ::.:-,: :',,
.._ i...:...1:..1 -i'.

::. f.:.:.r-:....-.... -_.'

, Bugar was teeted against the others at conoentratlons of 0.1 M, ard 0n5 ,,: ,,, ,:.,
;:r ':t ..,,i:t¡it i.rt,ì:i M. Glucose at a concenbratÍon of 0.5 M. røs also üested against Onl I,f . ';,''.''',"i:ì','

D-fructose. The results are glven in Tables XIII to FII.

The order of decreasing effectivenass of the sugars as deter-
.. _ :,........: .. .:.

,,. nined by these tests Ìras! sucrose, D-fructose and D-glucose. Sucnose iÈ.,:il+,- , o- .::. l r'.', jt.::,,.
and D-fructose each fnduced signfflcantþ more feeding than D-glucose

at both eoncentratl-ons" Tho mean rosponse to sucroso r{as greaten than
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TABI,E XII

ÂLTERNATE-gHOICE TF"STS - SPRÛCE BUDIüO¡N,Í

go pER cgl,rl ETHANOû EKTRACT OF I,n{ITE SPRICE SrAMINATE Ftr¡iilEfis (Orrtnm)
(A)
vso

Bo pnn cErrr E[HArÌot ExrRAcr oF ütl{rrn spËÜö'fi Ëiftis. (s)

. f - rlr ' ¡lllrl= Il

Repllcate Fer cent dtso arEd, Differencê ffans-fOfttneC
eaton dtffsfdñce

ÅöB
4 ejii:

Vl+g " ygrg

ö¡[üz
-toI82
L$zLr
0,933
t,33lt
b.377
2,622
2.292
2.rt6
2"83',|-
2.Ellt

3
-11

9
3

36
13
18
16
n
t5

.2b

11
27
1
6
0
2
Ir
,
Ir
I
6

llr
L6

6
I

36
3,
22
2t
2L
16
30

1
2

3
l¡
,
6
7I
9

10
11

{* 226 67 tt9 2h.ohh

x 20.5b5 6.091- t¡.h'b 2.]"86

l*' 86.569

I - 3.932w

tot=3.t69 io+,z.zz8
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TABIJT XIII

AITUINATE.cHOTCE TESTS - SPRUCE BIJDIdOA},Í

0.5 M. sucnosn (¿) vs. 0.5 M. D-GLItcosn (g)

Bepllcate Per oent dtsc area
eaten

Dtfference Traneformed
dtfference

BA

'¡E--,lE
1.858
0"8?b
2,O32
1,.638
2,183
2,208
2,229
1.638
1.8h2
2.967
3"7O9
0.000
2,375

I
2
7t

t3
I

t5
5
6,

13
19
0
9

1
o
0
0
I
0
0
0
0
0
0

10
0

9
2
7I

ilr
8,

L,
5
6

13
t9
10

9

1
2

3
hI
6
7I
9

L0
11
12
13

{x ]:22 12 110 z6,glb

x 9.385 o,923 B.b6z 2.A73

Í*2 67.299

þ - 7.677#

tor-3.055 toÉ¡2.t79
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IABIE XIV

AI,TERNATE-CHOTCE TESTS - SPRUCE gUfu^IOM'T

0.1 u. sucnosn (a) vs. 0.1 14. D-Glucosn (¡)

Repllcete Per cent dlsc erea
eaten

Dlfference Transforîed
dtfference

A-B \fiæ -tfÐ
2.828
9,?gh
1.b86
2"208
h.63t
2"208
r.g16
h.386
r.329

L2
r$
h3I
28
I

13
38I

0
1
6
0
0
0
,
tr
5

12
h6
heI
28
I

18
hz
t3

1
2

3
h
5
6
7I
9

{x 203?-!22h 29.828

x 2h.889 2"333 22.9t 3.31h

l* 11?.?3lr

t - 6.h?3#

tol*3.355 to1-,z;¡o6
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TÁBI,E ]ff

ÂLTERNATE-CIIOICE ÎESTS - SPRITCE BIIDI^IORM

0"5 M" sIIcRosE (a) vs. 0.9 M. D-F'RUGToSE (B)

Repllcaùe Per cent dLsc area
eaten

Dtfference Trensformed
dffference

A-B ,/AÃ - ,EBA

0.000
0.000
1.038
2,066
0.000
t.63lr
0.691

-O..316
-o,jzu
,3,230

0
a

10
t2
0

11
6

-1
-¿
L9

0
20
18

3
I
6
Ir
2

10
0

0
20
28
t5
I'

n
10
I
I

t9

I
2
3
Ir
5
6
7
I
9

10

{* L22 tr7t 7.979

x L2.2@ 7.L00 9.100 o.7gg

{* 19.158

t = 2.1V

ùot-3.169 þo*.z.zzï
ii.lLi::ìSia::
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TABLE WT

AI, ENNATE-GTIOICE TF^STS - SPN,UCE BIÍDhTOM,I

0.1 M" SUCRoSE (¿) VS. 0.1 M. D-FRUCTOSE (B)

RepS.loate Per oent dlsc area
eaten

Dl.ff,erepc-e

-t-,!+!:tä?
,A-B

Transformed
,d.,ff'f.e,lence

,ffi-
i:'. - :
:: r'..

9t
3

10
6

L9
0
I
3
6
2

32
2Lt,
2t'3
82
l¡
63

1
9

I
2
3
Ir
5
6
7I
9

10

,12Ð
18
5

L'
-7.6
82
6

6
1
?

-I.,?h8
2¿1166

,o;,697
.2.088

-2rítt
8,376
.o.g?l
6.0g9
0.190
1.501

{* tg,267 112 18.3gh

x 26.7oo 11.200 t5"5oo 1.839

Í# r32''Øb

t. 1.756

for-3.250 þo*.z"z6z
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ALîFfi\lATE-ffiOfCE TESTS - SPRIICE BIJDT'IORM

0.5 M. D-FRUCTOSE (A) VS . O,5 M. D-GLIICOSE (B)

67

ReplLcate Per cent dLsc erea
eat€n

DiJference Transformed
dtfference

AB FÐ- Fã-

1,022
0.000
0.8?l+
0.000
2.2O8
1.h]J+
1.?Xl+
5,L67
l+.hl+r
2,65'.1
l"690

7
o
2
0
I
Ir
6

3h
26
n

7

I
0
0
b
0
0
1
0
0
3
1

t5
0
2
b
'8
Ir
7

3lt
26
20
I

1
2

3
Ir
5
6
7I
I

10
u.

{* L7128 111 21.18?

t]-,ó36 L,5l$ 10.091 t.926

l*2 67.9f1

t . 3"883{*

t0b3.169 tol*,z.zz8
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TAB,T,E XVTII

. ALTER¡IATE.CHOTCE TESTS - SPRI'OE BI'DIdOM,Í

0.1 M. D-FRUqfoSE (A) VS. 0.1 u. D-clucosE (B)

Repllcete Fer oent dtso area
eeten

DuferencE Traneformed
dtfference

ÂrB ú*E a Æ-
r.;:,j.::... : . : _

L.rzu
0.8?h
tr.tr58

-o'.trih5
1.|ril+
9,t65
2,37,
1.?17
1.638,
0.618
2.gn

t
2
5

-1
b

L6
9

11
5
3

18

I
0
2

12
0
3
0
5
0
Ir
2

6
2

7
11
I,

'be

I
1ó
5
?

20

I
2

3
Ir
5
6
7
I
I

10
11

{x a36 Lol29 19.085

x ]:2.363 2,636 g.?27 L.739

{"' 92,-ggl1

t - h.lo2#

tol'3.t69 boçz.zzï
I iì-.::'jiir:;1



TAEIE XTN

AI,TE:RNATE-CHOICE TESTS - SPRUCE BI'D!üOH,{

0n1 M. D-FRUCToSE (.{) VS. 0.5 M. D-GLUCOSE (B)

6g

Repltcate Fer oent dlsc area
eaten

Dtfference Transformed
difference

BA 6'E-,6
-]-'-592
o,ho?
1.?il.r

-2 rOfi
5.08t
1.hXh

-0.g96
1.,,619
0.000

-2,.lLO
0.8?h

-0,22|,+

-10
9
6

-8
33
h

-6I
0

-L1
2

-1

L5
t2
I
9
0
0

t2
2
I

12
0
,

,
L'

7
1

33
Ir
6

10
1
1
2
Ir

1
2
3
h
,
6
7I
9

10
11
a2

{x B9 6g 20 3.?79

x 7.ltL? 5,7ro L.667 o¿3]:5

{xa hB.tr9

þ - 0.527
':Í:;,:,i:.r:¡¡:i:

tor-3.r01 þoi-z.2o!
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that to D-fructose at both mñ.aritles. The differences however were not

slgnfficant at the 5 per cent level in either câsêo The dlfference in.

response to O.5 M. D-glucose and 0.1 M. D-fructose lias not slgniflcant
at the 5 per cent 1evel, indlcatlng the consÍderablo dfspartty in the

relative effectÍveness of these two sugars.

Ïn lnvestlgatlons of feeding responsas of larvae of various

pbytophagous Lepldoptere, the Ewop€an corn borer (Beck, 79Çfu), +,ha

tolacco horrnvo¡m (Tamamoto and FraenkeL, 1960a) and Aparnqa lgfggg !Irk.
(nethler t 1939), tho sam€ order of effectivoness of these sugars lras

noüed. füo (fg6O) found that D-glucose had litt1e or no fnfluence on

the feedlng behavlor of slLlçllom J-arvae. Amongst lnsects in general

there 1s considereble variatLon in the relattve slüeetnoss of the verious

sugars, The tarst of the blowfþ !. rgglna ere mor6 sensftfve to fruat-
ose then to sucrose (Dettrier, ]:995). ,For the honey bee glucose Ls as

stfinulatlng âs fruatose (von Frtsch, I93l).

As glueose, fmctose and sucrose occnr tn comblnatlon in the

host plant, tissues on which the larvae feed, Lt was of interest to
compare the feectlng response to a mixbure of these three sugars wlth

that to sucroser the most stirnul¿,tÍng individual- sugar. An equírnolar

ni¡cbr're containing each of the sugars at a concentration of 0o03 M. rÊs

prepared and dfscs treated with thís solution were paired wtth díscs

treated with a soÌrÉion of 0.09 M. sucrose in a sertes of choice tests.

The results are given 1n lable ,lï.

The average amount of feecllng on the discs treatecl with the

sugar mixbwe lras approxlmateþ three times that on the sucrose-treated
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TABLE TÏ

ALTEH{ATE-CHOICE TESTS - SPRITCE BIIDÌIIOIü{

O.O3 Ì,Í. D-CLUCOSE + 0.03 M. D-FRUCT0SE + O.O3 M. SUCROSE (A)
vs.

0.og M. sucRosE (B)

7T

Repllcate Per cent dLsc area
eeten

Dtfference llransformed
dtfference

A-D /E- æ-
t.851
2,o33

-0.L?h
0,290
2,375
0.518
0.57t
1.9h1
3,126
2,872
0.568

-0.h29
0.32h
3.667
1.520

I
16
-2

1
I
1
3

t2
28
L9
h

-¿
2

29
I

I
I
t
2
0
0
t
tr
I
3

10
6
B

l+

3

9
2l+

3
3
9
1
I

16
36
22
th
Ir

10
33
1I

1
2

3
b
5
6
7
I
9

10
11
12
13
th
t5

{" 203 L36 20.76067

x L3.533 b.h6l 9,067 1.38h

t*e 52.28]-

t * h"131#

toirz,.nT to5=2"!+5
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dLscs. ThLs ctlffer€nce'was slg$lfieant at the r per csnb l_svol.

rt ls obvlous that the effectiveness of the throe sugars tn

mixbr¡re was not what would be e:rpected lJ the effects of tho lndivldual
i,,:,,:,:r,., ',components were mereþ addltivo. A sfmilar synergLo effect of a mfxbure ;r ,.. ;,

of these ùhree sugars on the feecì.tng response of the honey bee was notecl

by lrlykes (7952). Dethier et al (1956) studied the effeeùs .of varlous

sugars, mÍxed togeùhor ln palrs, on the tarsal threshoLd of, the b3.owfþ,

3. reging. They found, that s¡rrrerglsrn occwr,ed wi-th some ;srrgâr combi.na-

tfons and fnhibltfon Ln others. Áñ equtmolar mtxbure of glucose a,nd

fructose was founcl to have a lo¡ver tarsal threshoLd than either of the

ttso lncllvj.dua3- components. ohnesorge Qg53), fn his .Lnvestfgati.on of

the feeding behavfor of the weeviJ., IfyLoblus abietls, eonpared the

response to a nixbr¡ne of glucose anct fructose with that to an equlvalent

conoentratton of sucrose, Tho response to the mfxbws üas as great ao

that to the sucrose. solutfon, fndicatfng that the etimulattng effect of
the mfxbure wag not sínrpþ due to the addltlve fu:fluenc€s of the tndi-
vlduar components. rto (i-960) tosted. feeding responses of silkworm

l¿rvae to mÍ¡rtures of sucrose and glucose ín varying concentra'bionsn He

found that the responses to the nixbwes ïl€re ver? simflar to those to

sucrose aLone o The weakly-stlmulatíng g3-ucoso rsäs no more effective in
ml¡rüure with sucrose than it r,uas alone.

-apparentry it ts fmposslble to prectlct with precision the

response to a sugar mixþure sfnply on the basis of the effactiveness of
the indtvidual components. There is a consíclerable variation in the

rel-ative amount,s of glucose, fructose and sucrose in the various tissues
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of a plant et e gLven time. In Jwre the leaves of varLors sp€cies of

spruce end pÍne analyzecl by Parker (1959) contained relatlvely unLfoÍûr

emounts of each sugar or a slLghüþ hfgher proportton of sucrose than

of each of gLucoss end fnrctose. !y contragb Todd and heth€rick

(fphe) for¡nrl that LodgepoLe plne pollen contal¡red over 10 per cent d4¡

weight of suctroee ar¡d no glucose or fruotos€. PoLlen of other specLes

of pfne anal¡zed by these authors and Þy Havlvl ancl Lefbowltz (I9$)

encl ltTLlsgon (1956) contatned much hlgher concentrettons of sucrose than

gluoose or fnrct,ose. these dffferences tn the relative proportLons of

Bugårs tn the varioue plant tÍszueo probabþ tnfluenoe the acoeptablLlty

of these tLssues by feedfng larvae provlded that the effect Ls not

rneeked by tha presence of e more potent feedlng stfimrlant as yet un-

LdentlJLed.

Ttre EfÍect of Suorose CongentratLon on Fgedlng Response

fn stngle-dlsc tests bot'h spruce end Jack-pfne tnrdworm Lervae

e¡rt¡lbtted feeding responses at aLl concentratfons of suerose tested

wtthln the range 0.00h M. to 0.5 M. Conparisons of feedtng response in

relatLon to sucrose concentration were deùerrnined ín tr,¡o serLes of

cholce testso The responees of sprucs bt¡dworm l¿rvae Ln alternate-

choJ.ce tests Lo O.9 M. sucroge and 0.1 Mn suerose. Ì{ere eompared. the

results ere presented in Table IJG. The average anount of feedf.ng on

dlscs treated lrlth O.5 M. sucrose Has twlce thst on those treated wlth

0.1 M. Thfs dffferenc€ uas slgnf-ffcant at the 5 per eent lemel.

In a sertes of rnultip3-e-choice tests the responses of Jack-pino

bud¡vorm l¿.rvae to zucrose at concentratlons of 0.5 M., 0.1 M., O.O2 14.

i: ,r..:l: -r. .:;.',4',
r-rl "..: .. r-:-:ri\
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TABI,E XXI

AITERNATE-OHOICE TESTS - SPRUCE BtlDr¡f0m'f

0.5 M. sucnosn (n) vs. 0.1 M. sucnosn (B)

Replfoete Per oent dfsc area
eaten

Differenae Tranefor,med
cltfference

A-B M-'lW
o,rg2
o,032
1.691

-o.'ho
0.8?h
o,2go
1.638
0.000

-0.87h
t,32l'+
1.158

_o.h2g
0.b28
1.9h2
0.896
0.000
0.000

Ir
1
1

-2
2
1
t
0

-¿
5
5

-2
2
6
3
0
0

9
0
1
h
0
2
0
2
2
1
2
6
l.l
0
1
5,2

13
1I
2
2

3I
2'0
6
7
b
6
6
h
5
2

t.
2
J
Ir
5
6
7I
9

x0
1L
L2
13
th
L'
16
n

{* bl82 Lr 9,923

x h.8e¡ 2rw 2.b]:2 0.925

{# t5,,l$l+

t - 2.66f

tof=.z.gzr tOí-Z,,];2O
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7l
and 0.00h M. }¡ere compared. Nr¡nerfcaL data a.re gtven 1n Table XXff. The

manlnum nean responsê occurred at the htgheet concontra.tton and a pro-

gressÍve decreaee ln response r{es exhibLted at suceessiveþ Lower con-

cenüratlons.

The relatLonship betweon sucrose concentratfon and percentage of

larvae exhtbitlng feedlng r€spons€s at thess concentrations Ls shown

graphically tn Ffgures 7 and B" Below the level of, ma¡rftnurn rospons€

there Ì¡es a ltnear relat,tonshlp betweên thê Lo6arlthm of suoros€ co¡-

cenfnatton ard the percentage of the larvae responding at thesê cori-

centratlons.

'

1TT. FEEDTNG NESPONSES TO SUCROSE TN MTJCUNE hryTH CEA,TATN HOS"T

PT,ANI CHEMICAIS A¡ID RETII1TÐ COÌ{POÏ'NDS

hlhtle ft ls orrldent that ougars play au importent role tn the

sensol'ìf eontrol of feedlng rêÊponses of budworm larvae, the exhlbtted

prefenences ere not determlned solely W sugar concentration, r¡ the

foLlovuing e¡periments the respons€s to varfous chemicals in comblnation

wlth sucrose were conpared wlt'h that to sucrose alone l-n alternate-

choÍce tests. It uae possfble ln this way to determine whether these

conpounds functtoned ae feedlng stimulants or det,errents or r,rere in-
active. The conrpounds tnvestigated were lcrown to be present in host

pJ.ant tLssues or Ìrer€ chemicaLly related to taro¡,wr plant constLtuenbs.

Epg$fte Responses to Sucroee-.Amino /tcLd Mi:irbures

Four amino acids were tested. inclfvldrnLly Ln mbrbures lrith
sucrose! L-prol-lner r-glutamic acid, L-arglnine and tgndro:ry-I-prolíne"
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The ftrst three have been reportecl to be present Ln apprecf.able qr:antl-

tles tn pf.ne pollen. fn the singlo-dlsc tests, I-prollne uas the on\y

emlno ac!.d tested which er¡oked consÍstont feeding respons€s. ThLs com-

pôurtd tüas tested wlth both spruce and Jaak-ptne budworm lervao a¡rd the

rønaLnlng comporrnds $rtth the spruce tudwo¡m onþ. The ratLo of nolar

conoentratlons of arnino actct to suorose 1n the mf¡twes was 1 lo 5.

.Avell¿ble daüe from the llteratrrre (rrlz. Havlvl end trptbowttz, 1:9æ-)

lndloate ühis proporrbLon may c!.oseþ approrlmate thaü occurrLng f.n

pfne pollen. fhe reeulta of these tests are gtven Ln Tables XXIff to

xxMlIr.

There !üeB e narkedly greater response üo the suctoo€-prolÍne

nl¡rtu¡es thEn to sucros€ 
"too" 

et both concentratlons tested ar¡d slmll¡r

effects were noted wlth both budr¡orrn species. The dlfferenaes Ln re-

sponse were stgnlflcant at the 1 per cenü level. Ae sucrose and L-

prolfne are two of the prtnclpaL oonpoundo present Ln ùhe pol3.en of

coni.fers the etlrnulattng effeotLveness of thls nlxbr¡re would appear to

be of consfderable stgntftoanoe Ín reletlon to'the feedtng behavlor of

brrdworqn l"arrrae,

The mirbnres eontatnlng hydro4¡-!-prolfne ancl I-glutpmlc actd

also en¡oked greater responses than sucrose aLone and the differences

were signfff.cent at the 1 per cent and 5 per cenü levels respecùiveþ.

The sucrose - f,-âfgfntne mf.xtr¡re r¡as less acceptable than sucrose aLone,

f.ndicatf¡g a possible detement effect of thls anlno actcl at the con-

centratlon tested. Statisütcalþ the dl-fferenc€ ldas not stgniflcant at

t'he 5 per cent Level.
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TABLE )Ç'ÆIr

ALTERNATE-CTIOIC]' TBSTS - SPRUCE BIIDÏdOIN,Í

0.09 M. sucRosE + o.0l M. I-pRoLnn¡ (a) vs. o"o5 M. sucRosE (B)

Replf.cate Per cent dfsc area
eaton

Dtfference Transforrned
dtfference

BA A Ð B tlw-
2,3t15
'0.283
0.895
b,032

-o.652
h.087
2,I97
3.860
1.161+
o.697
r,gr'l
2¿3f:O
2Jt6
L.906

9
2
5

29
-h
32
13
33

3
,I

11
13
31

0
11

9
2

11
3
3
,
0

10
1
L
2
0

9
13
10
31

7
3l
16
38

3tt
9

12
t5
31

I
2

3
h
5
6
?I
9
10
11
T2
13
lrr

fx zhh 190 30.361q+

x ].7.It29 3.857 t3.t7t 2.169

l*2 gg.B52

t = 5.021^"

to1=3.0r.2 to5=2.160
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TABLE NTfl'

AITENNATE-0fiOICE TF^STS . SPRWE BUDllo¡n,Î

0.1 M. SUCROSE + O.O2 M. L-pROIÃVE (A)-vS. O.Ì M. SUCROSE (B)

Replloate Per cenù dLso area ffifenence
eet€n

Trensfomed
dlfference

Âç ,,Æ - rÃE-
t..

3,9t5
2 ,828
6,67'
lr.ho6
h,zhz
3,59b
h,8gg'\,12h

9,139
o,356
0,896
2.712

3t
12
9t
zB
2b
18
36
29
39
1
3

lJr

10
0
0
x
0
0
I
0
1
I
1
I

be
12
l't
29
2h

,18
37
29
Io

2
Ir

15

I
2

3
¡r

t
6
7I
9

10
Lt
12

{x 307 16 29t b3.8z6

x 29,583 L.333 2h.250 3,652

l*2 t95.th,+

t - 7.0??#

to1-3.t06 to*¡z.zor
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TABI,E XXT

ÁITERNAIE-CHOICE TESTS - JACK-PINE BUDr¡IO¡nt

0.1 M. D-SUCROSE + 0.02 M. I-PROLINE (A)
vs.

0.1 M. D_SUCRoSE (B)

Replloate Pen oenù dLeo area Dlffenenoe Trangfor-medeaten dljf,erenoe

A-B \lÆ f,,tffi

5,62b
2,698

-l.2gg
L,899
0,737

-0,79b
2.830
6åeb
h,666
h.:ùe

-f..tt3
2.O32
h.778
l+.927

-O.36

58
23

-10
96
Ir

-8
3t
68
5z
lù

-10
7

bg
53
-2

5I
.20

1
5

29
t9

Ir
10
10
16
0
7I
I

63
3L
10
37
9

2t
5z
72
62
,b
6
7

56
61
6

I
2

3
Ir
E
6
7
I
9

10
11
L2
t3
1l
t,

{" 5l+7 150 397 39'-76

tt 36.\67 10.000 z6.l+67 2.65:.

t# 207.2]..8

t - 3.8o9tt*

lor-z.nI þog-2,'!+5
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TABI,E FTVI

ALTERNATE-CHOïCE TESTS - SPRUCE BtDl,tOm,f

0.1 M. SUCROSE + 0.02 M. IIYDR0XÏ-L-PR0LII\TE (A)
vs.

0.1 l,f . sucmsE (B)

Repllcate Per cent dtgc eree
eaten

Dtffereuce Traneformed
dtff,erence

6-9'-{@,BA

0.868
1.898
2.829
h.o9h
2,68h
3,162
0.518
h,o36
1.51h
2,L6
1.120
2.O];l
0.000
o.2w
2.t66
2.899
2.t66

b
Ilr
L2
bz
11
20
I

22
6

10
h
9
o
1

t0
22
10

3,l

0
9
0
2
0
0
1
1
I
I
1
2
I
5
1

7
2L
12
5t
11
22
I

22
7

11
t

10
1
3

11
27
11

I
2

3
l+

5
6
?I
9

10
11
12
13
llr
L'
16
n

t" 233 198 3\rh2535

x 13.?06 2,O99 11.6h7 2,o25

t*2 93,Oltg

t - 6.911#

üor=4.92r toi=z,Lzo
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TÂBLE XXI'TI

ALIERNATE-CHOTCE TF"STS - SPRIICE BUD!,IOm,í

0.1 Ì{. Su0RosE + O.O2 M. LGLûrAMIC ACID (A)
vs.

0.1 M. SUCRoSE (B)

Bepllcaùe Fer oent dLec area
eaten

Dlfferenoe Traneformed
dtfference

.A-B íæ -,1Ã

-ort92
1.803
1.120
1.159

-O17614
0.76h
1,329
x'691
o,396

-b
10
h
5

-3
3
I
7
1

It
3
L
2

5
2

t
1
1

9
13't

7
2I

13,
I
2

I
2

3
Ir
5
6
?I
9

6,96t31336h{x

x 7.111 3,667 3.bhh O,763

{*2 ].,2.LL6

t - 2.lr6f

tot-3.355 to5=2.306
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TABTE NffTTI

âI,TERNATE-CHOICE TESTS - SPR,T'CE BUDWOM,I

0"1 M. SUCRoSE (A)
vs.

0.1 l,f . SIEROSE + 0.02 I'f. L-ARGINII{E (B) lr.jr.r:

ReplJ.caüe Per amt dlso area
eafen

Dlfference

A,DE

leansfo¡med
dlfûerence

,læ -\ffi
9

t)

2g
Ir
.1
6

¡I
-9

6
0
1
7
Ir

5t
-1

0
-lt

,A;il,6b
.'rL.t58
,h.?2h
1.hllr
0.518
1.511t

-or2g0
-2.3'15
1.511r
0.@0
0.518
1.501
o.g68
6,1¡69

-o..3t6
0.000

-1.hllr

2
7
0
0
0
1
3
II
2
0
2
2
0
2
I
Ir

,
2

29
b
1,?
2
o
7
2I
9
6

'LI
1
o

1
2
,
l¡t
6
7
I
9

10
11
t2
13
th
t5
16
T7

{* a28 36 92 :l+.311

t( 7,929 2.118 5.hrt 0.8h2

1"2 th,290

\ - 1,635

þo7'.z.g2] þo9-2.!2a
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l,lhereae L-glutarntc ecid iln comblnatfon wlth sucrose wes more

effectLve than sucroge alone thLs amfno aeid uas fnåctlve ln ftself Ln

sf.ngle-dtsc tests. L-Frollne $htch wes actlve ln oingle-df.so tests wes

relatlve\y more effectfve Ln cornbLnatlon rrlth sucrose than uae I-gIu-

üamto acLd,

The stmllarltlee ln the rosponses to L-prol1ne, hydrow-t,-pro-

lLne and Lglutamtc ectcl are of lnterest tn vlew of the etrusüurel

affinttLes of these conponnds (Ftg. 9). Both hyilroxl¡ - prollne and

glutamic aoLd oan bE consLdered to be derived from Þrol1ne by o:rldattotr

and metabolLc pathways for such tranefornattons have been establlghed

for Eone organtnns.

ân enhanced response to emino acLds and sucrose slmLlår to that

noted ln these erçerlments ües reported by Tauber (199ù ln hls lnvestl-

gatlons wlth the clear-wlnged grasshopper. IIe found that a rnl¡ctr:re of

alanine, sertne, ü -amtno-butyrlc acLd and sucrose was more sbfuulattng

to rrymphs than ary one of the tlrree amtno eclde ln mlxbure rrlth sucrose.

Beck and Hanec (1958) 1n strxllee ¡¡tth E\rropean corn borer Larvae tested

certafn sbfrmrlattng amino aclds in indlvtdual cornbinations wlth glucose.

They concluded that the responses to the nlxbures were sLmpl¡r due ùo the

addlüfve effects of the components and that no synergtstfc effects or

other interactLons were involved. 0n this basf-s thøy postul¿ted the

enlstence of separate sense receptors drich ere stlrnulated bY the two

ütrpes of compounds.

Feeding Responses to SucroseJ. Shikimic Acid and :Sucrose : D-QulnlcJLcld

MLxbt¡reE
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Shtktt¡to acld has been detected fn the foli¿ge of a wlde.narf,ety

of grrnnosperms (Hattorl É 91, ]tgiSh). ManskaJa and Kodtr¡a (1958) re-
ported lt to be more ebundant 1n newþ dareloping tlssuea than fn ltgnt-
fYtne tLssues. Irlelsh (rg58) found tt to be the maJor organf.c acld in
the needles of ütrfte and Golorado spruos. rt wae present Ln both new

growth and meüure needres ancl uas read.l\y e¡rtraotabre by 80 per eent

ethanol. fn early new growth of Colorado spmce lt constlür¡bed 1.3 por

oer¡ü of the dry wef.ght oonpared to 2 per cent for Eucrose, Nelsh (L.c.)

ïae unable to feolaüo qqtnto acfd fr,om gpruoe needles but he deüected e

ompound rrlth strntlar propertfee on pap€T ohromeþograms.

Boùh of theee cornpounds ere structr¡ral derÍvatfves of the elx-

eerbon cyollo sugsr aloohol, n-Lnoeftol (Fig. l0). The ohernlcel rel¡-
tlonshlp bEtreen theee ootrpounda l.s of fnterest because several fnsects,

tnchdtng sone leaf-eattng larvae, heve been clenonetrated to exhfbft

feedlng responsês to m-lnoglto1 at a concentraüfon of 0.1. M. Trlo euch

response rvas obtefned wtth spruce br:dwo¡m lanrae fn single-dise tests,

nor did they respond to shfkimlo acfd.

In cholce tesùs'$Ith spruce budworrn larvae shtkfinlc acfd r¡as

tested ln conbfnatton wlth O.Ot U. sucrose at concentratlons of O.Zt

o.l¡r 0.8 and 1 per cent. D-Quinic actd rsas slrniLarly tested at con-

centrations of o.h ard 1 por cent. The results are presented Ín

TabÌes DGE to lfrlffv.

A stgntffcant stitnul¿tfng effect ¡¡as detected wlth shfklmÍc acfd

at a cornEntratlon of 1 per cent but not at the lor¡er conoentratLons.

QuJ.ntc acfd appeared ùo entsnce the response sllghtlf at a concentratÍon

r:::l
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TABÏ,8 ÐilX

.ALTERNATN-CHOTCE TESTS - SPRWE BIID!üOM,Í

o.o5 M. sttcRosE + 0,2ß sHrKllffc AoID (.a)
VS.

0.05 M. sncRosE (B)

-Repllcate Df:ffçrence Transformed
dfffer,ence

Per oent dùgo area
eaüe¡r

æ
AFB {æ ¡ /*t-

-0,.553
1.893

-h.62h
0.618
1.853
0.000
L.66t

-6
18

-36
3'16
o
9

32
llr
38
h

11
Ir
3

26
32

2
'?
2?
l¡

L2

1
2

3
Ir
t
6
?

{x 106 a.892

x t5,-7ú+ 15.r¡3 o,fiL Or]'9,z

f*2 3r.858

t - 0.ll+0

tor-3.?o? tol-¡z.li+1

!:l.l:
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TABI,TT XXX

ALTENNATE-CHOTCE ÎESTS . SPRUCE BI'Ð1TOFû4

o.o5 M. sIERosE (a) vs. o.o5 u. sucnosg + o.bfr snrKrl{ c acm (n)

Repltoaüe Per cent disc ¿rea
eaten

Dtfference Traneformed
dlfference

A- B tÆå=- tÃå'-

1t
-L2
12

_13
1?
-,
23

-11
0

-!.2
-2
11
-¿

9
-1
_lr

-,

7
18
I

ho
1lr,6

7
3b
0

t6
2

t
10

6
à

t7
2L

18
6

20
2?
31

1
30
23
0
Ir
0

ilr
Itt
1

L3
16

I
2
3
b
,
6
7I
9

10
lX.
L2
13
¡lr
t5
16
1?

L,t62
-],,.|-52
1,612

-1.120
1.805

-1.32h
2.781+

-1.026
0.000

-1.9hI
-0.8?lr
1.937

-0.32b
1.378

-0.3t6
-Or9O9
-o'-575

1.27716221{*
l-: _-'-' _ _ 1

]r t3.393 L2.btz o,9hl oro?5

1"2 3h.1Bo

I - 0.212

tor.z.9al to5-e.12o



g2

rÂBtE nffir

ALTERNATE-CHOICE TESTS - SPRUCE BUDI¡IORM

o.o5 M. strcRosE + o,gfr sHIKffIC ACID (.{)
vs.

0.05 M. sucRosE (B)

Røpllcate Dtf,ferenoe Transformed
dtfference

Per cent dise area
eaten

A tfffi-,1€
-1.198
1.511r
1.978
0.190
3,368

-2,37'
2,829

-o,6gt
-o.9lr3
-A,-758

-8
16
5z
x

37
-9
12
t)

-9
-t

tg
20

3
6
lt

9
0

20
27
13

7
36
t5

7
5t
0

12
t5
18
I

1
2
3
hI
6
?I
9

10

{x 209 ];27 82 7.6!.1
:: i :::.:

x 20.900 f.2.7oo 8.200 0.761

1"2 6t.678

t '' 0.96ó

t"o:o3.zso toi.*¡z.z6z
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T.ABID T]ilGT

AI,TE|RNATE.C,SOTCE TESTS - SPRUCE BI'ÛíOM{

0.05 M. stERosE + I7[ SHIKIÌ,ÍTC ACID (A)
VS.

0.05 M. srFRosE (B)

Repllcate Per oe¡t dLsc ar,ea
eaten

Dtffenence .Transfomed
,dtfference

tA "- ß i6Ð- lFå-

;2"928
r0.Lgo
,0j6h6
2.210
0.996
1.503
2.8?3
2,r93
O,29O
2,208
0.000

2î"
1
2

17
3

L2
25
13

1
I
0

Ir
6
1
7
1

lo
I
1
2
0
3

25
7

,3
2b
h

22
33
1¡

3I
3

1
2
3
Ir
5
6
,l

I
9

10
11

].:6.927.103h3tù6{x

x J-3.2?3 3.909 9 
'3,614

1.b8h

l# 36"8t8

t - h.3??#

for-3.169 toçz.zz}
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TABI,E NGTTI

AITEANATE-CHOTCE TESTS - SPNUCE BTIDTüONM

o.o5 M. sltcRosE + o,ltfi D-QUrNrc AcrD (A)
W.

o.o5 M. sucRosrD (B)

Repllaate Per oent di.eo area
seten

Dlfference

^- 
t

Transformed
dtfferenoe

BÂ rúii.*å-- {Ã

o,935
0.811
0.968

-0.39t,+
0.000
0.700
o.xot
2,8o2
0.000

I
I
h

-2
0
6
L

26
0

l¡
20,2
7

3h$
22
x0

2

22
28

6
5

3h
2L
23
36

2

I
2

3
h
,
6
7I
9

{r L77 L26 tr 9,927

x Lg.66'l 1+.Ooo 5,667 o.699

l*2 LO,n.6

t - 2.105

þolr:.,'35i þol-2.306
, t,;.: ìii':i:.,, -::,:

i .:.. ill:i:lr:: rl
l': :::r'':i_
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TABLE )OOffY

.4I,ITERNATE-gHOTCE TF"SIS - SPRrcE BI'D!fONM
' 

o.o5 M. SrrcRosE (A) VS. O.O5 M. SUtnosE + LfiD_QUINTC ACID (B)

Repl!.cate

..1

, Per oerrt dlso area
eeten

Differeræe

--

AB

Traneformed
dtfference

BA lÆE- - \Æ
0,895
t,b57
0.5t8

ro. g?ll

-0.620
-O.-290
2,396
2,295
o,lgb
o,396

-0'?6h
0,2211

6
12

1
-4,
-lt
-l
13
ß

2
1

-3
1

9
11
0
2

t2
3
2
Ir
,
I
5
h

t,
23
1
0
I
2'

tg
19
7
2
2

,

1
2

3
Lt
6
7
I
9

10lt
t2

{x 5899 hr 5,9o7

-,c 8.25o h.933 3.h1? o,gL?

{*2 t6.oBB

t - 1.198

tol-3.106 io9*2"2or
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of O.L per aent and to deter response at I per cent. However, fn nelther
cas6 rü€re these dl-fferenees etat{stiealþ stgnfficant, at the 5 per cent

level.

The ratlo of ehlkimlo aoid to eucrose at the concentrattons

found effectlve ln these tests te only sU.ghtly greatqr than that in
the new groltth of colorado spruce ae reported by trreÍ.eh (1.ç.), Although

the ooncentratlon of shtklmic ecid ln the new grorabh ie pOrnerrhat hlghen

than ln the prevlous yearrs needles tt ts doubtful that thts dtfforeno€
1n ltsell Ls sufffctent to aocour¡t for ar¡¡ differentlar feeding

r€spong€r the dleslntlarlty in the regponse to shtkimlc and qutnic

aclde, despLte their structural affinity, indfcates th€ hfgh dEgree of
epectflolty lnvolved.

on Feedlng Response

Tests wtth ql¡neenlg. Netsh (],:gîl, t95g) tsotated end idenütfled
a g{¡rcostde frorn the leaf} ürdgs of r¡?rtte spmroe and Colorado epnrce to
wtrtch he gave the name pungenr.n. srrbseqrrenb tnvestf.gaH.one by von

RndoIJf (Netsh, 196J) demonstrated thet ft nas present fn black spruc6

but not ln Jack plne or Scots pLne. It 1s not krrown r¡hether it occrl.s

1n balsem ftr.
Thls ruater-soluble compound is a monogrucoside o¡ 3r h-atyaro4¡_

acetophenone (3 - gLucop¡rranosylo4¡ - h - hydroryacetophenone). ït
consùttutes about ff.ve per cent of the d¡y welght of rrlnter needlee and

decreases to abouù half this concentraùion fn midsurmer. NeLsh rùìas un-

abLe to detect its presence in newþ-cever.oping sprucs needLes but it

Ì--.

ì l:l
irl
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appear€d as LtgnlfLcation proceeded and the needles rnatured.

Spruce buduorm Larvae sho¡qod no feedlng response when pr:ngenf-n r'as

tested elone 1n concontratlons rangl.ng from 0.2 per cant to 5 per eenü

fn slngle-dfsc tests. The effect of pungentn on r€sponse to sucrose üas

lnvestlgated ln altornate-chofce tests wlth both spruce and Jack-pf.ne

budworm Larvae.,

ïItth O.O5 M. sucrose and 0.2 per cent pungenln (Table 10ff1l) the

avsfege feedtng responge of spnuco tnrdworrn lervae uas greater on the

dlscs contalning pungenLn. Howêvêr thls dLfferenoo fies not eigniflcant

at the 5 per cent level. At the.samo sucrose ooncentration, I per cent

pungenfn had a sfgnlffcant detorrent effect on the responses of both

spnrc€ and Jaok-pfné brrdworrn larvae (Tables ICnMf and XÐ[\III). The

effeot on Jack-pfna budwo¡m lervae ts of fnterost fn vlev¡ of the fact

that ptrngenln does not occr¡¡ 1n Jack pfne, ThLe reaotlon to pungenf.n rnay

be a resfdual tralt derfved from a co¡Ímon ancestry wiùh the spnroe bud-

lrlorn¿ ft ls also posslble that a related glucostde occurs 1n Jack ptne

folf.age. Àt a lower concentratlon of sucrose, 0.02 1,1., O.h por cent

pungenf.n lrad no slgnlffcant frrfluenc€ on the feeding behavior of spruce

brdwonn lar¡rae (taUle lüXfWn) but the deterront effect of 0.8 per cent

pungenln was significant at the 1 per cent, Level (fable ln0trX).

Ff.grres on tho relaüÍve amor¡nts of pungenÍn and sucrose in the

varions test soluttons and ln year-oLd spruce needles (titoishr 1958),

at the tirne of lan¡al feeding, are given in TabLe XL. Although the

ratLos of pungenfn to sucrose were tdenticaL ln the tests recorded tn

TabLes fOfin and )OOMIII the effects on feedfrg response were not the

i:-:::'



TÂBI,E ]TþTV

AT,TMT\TATE-CEOTCE TF"STS - SPRUCE BUD}TOHß{

o"ot u. swnosn + o.z% prno¡Nnq (l)
vs.

o.o5 M. sucnosn (s)

98

RepLleete Fer oeat dfsc area
eaten

Dlfference Transfomed
dtfferenoo

A-B \6E--6F

'2,227
0.000

-0.691
1.63h

'0.9b6
-1.0h5
1.86?
1.026
h.789
0.129
2,223
t.tgT

T2
0

-b
11

-11
-5
13
11
63
I

23
10

1lr 2
336to

17628 3938L96
3l+ 2380 t7L9û
39 16L5'

L
2

3
b
5
6
7I
9

10
11
L2

f" 273 ]J+9 ].:zlt L2.805

x 22.Tfu 12.h1? 1o.333 1.067

{*t b5.o59

t = 2"L86

tol=3.106 þo5=2"2o:-



TABI,E Norrr

ALTERNATE-CHOICE ÎESTS - SPRUCE BIJDI^IOHvI

o.o5 M. sucRosE (A)
vs.

Q.05 M. srpRosE + Lø pultcrûürN (B)

99

Repllcate Per cent dLso area
eaten

Dlfference

A-B

lransformed
d:ilfference

úE- \6E-

2,Lgb
3,Obg
3.6L3
2.872
2.?311
l+.300
2.b27
r.7l'î

-!,891
2.396
h.Lzo
2.9911
2,j.6b
2.6%
1.9b2
1.501
2.533
h.lùl

t6
26
3o
t9
29
b5
25
It

_17
13
30
23
2'l
31
6
7

10
26

6
7
5
3

tg
I

L,
5

29
2
2

I
20
L9
o
2
0
o

22
33
39
22
lih
,\
ho
I6
12
t5
32
28
ht
5o
6
9

10
26

I
2
3
Ir
5
6
7I
9

10
11
L2
13
1¡
ß
16
t7
18

{* 5or 35? I+5.852il.rh

¡r 27.833 8,000 f:9.833 2.flfi

t, *¿ thg"goí
r.'l;i:.¡j

: r:t:;' r'l:j

t = ?.76f
tol-2.898 toFz.11o
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TABIE XMffIT

ÂTTE?NATE-CHOTCE TT,STS - JACK-PI}üE B1'DhIORM

o.o5 M. sucRosE (a) vs. 0.05 M. sucRosE + lfl pnlTcnqnl (B)

RepLicate Per cent dtsc area
eaten

DiJference Transformed
dtfference

ÂB 1,ÆE- \@-

9I
1
0
2
0
h
6
0
h

13
2

h?
25
18

?
0

2L
16
2ll-
t

22
I
0

1
2

3
l+

5
6
7
I
9

10
1L
L2

38u
1?

7
-2
2t
T2
18
1

x8
-h
-2

3..810
2.1.31r
3"0?,6

"2rQ32-0.871r
3,930
1.9h1
2,b00
0.518
2.622

-a.gg2
-0.8?l¿

{x l+g190 tùr 20.I23

x tt.833 h.083 11.?50 r.677

l*2 66.65t

.t, = 3,361++r€

tot=3.106 þoÉ¿.zot
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TÂBI,E XNflITTI

ÂLTERNÂTE-CHOTCE TESTS - SPR,TJCE F]D1'fOW

0.02 M. srrcRosE (A)
vs.

0.02 M. sucRosE + 0.bÍ PmTGWN (B)
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Repl{catc Per oent dteo aree
eaten

Dtffe:rence

A.-

Transfor'¡ned
,dtff erence

"\fiE-,lm
A

¿2.828
L,27O
0.910

-1.86?
1.33h

-o.7g6
2.720
1.102
0.968

-0.980
L,369

-20
?
7

_13
6

-9
16

9
h

-7
7

2b
l+

11
L9
2

12
,2

L2
2

16
9

Ir
11
18,6

I
7

18
2L

6
9

10

t
2

3
l+

t
6
7I
I

10
11

{r LT107118 3,202

f ],:o.727 9.727 1.000 o,zg1,

{f 28.722

t - a.rTg

ü01.3.169 toÉ¡z.zz}

i¡1 .
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TÂBLE )OOGN

AIJTERN/ITE-CHOTCE TFJSTS - SPRUCE BI]D!fOM{

0.02 M. sucRosE (A)
vs.

0.02 M. suCRosE + 0,8fr PUI'IGII\TIN (B)

RepLiaate Per cent dLsc ü.ea
eaten

Dtfference Transforrned
dtfference

A-B \@-\ffi
2.n7
2.O32
1.639
1.hll+
2,829
1.8h2
1.638
1"816
2,?Olt
2.310
t,897
L.8h2
2.O32

20
7
5
l+

t2
6
5

1L
20
11
I
6
7

3
0
0
o
0
0
0
tr
9
1
1
0
0

23
?t
h

12
6
5

t5
2,
t2

9
6
,l

t
2
3
ht
6
1I
9

10
11
L2
13

[* L36 l¡ 26,-93L

t( 10.h61 1.0?? 9.381t 2.O72

l*' 98.669

t - 15.h63#

bor-i..o5g to*-z.tlg
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IABI,E XL

. THE NEI,ATTVE âMOINTS OF PI'IEENIN ÁI{D SIEROSE IN VARIOII¡ TEST
SOtUtIOlIS AND IN YEAR-OIiD COIORAÐO SPRWE NEEDIES i,,',::,

Per oent Moler netiJo
oonoentre- ooncer,ütra- frqemfnl'Sucroee
üLon of ttoo ,of t$ t€rma of
rptrngenlm s't¡oross '!ßûg,Trt per unlt

vo:lune,of ,aolrrtü.on

Chotoe Teets
Table IXXV

Chofoe Testg
lable frÍUI

Chol.ce Teete
Teble nfÍMIIf

Choice Tesbs
Table n0trX

ñeLshts anaþs1s of
yeer-old Colorado
spruce needì.es,
collected June 11,

]:956

o.o5 1 r 8.5

o.o5 L r 1.?

O12

I

o.lr 0.02 1¡L.?

0.8 0.02 1 ¡ 0.9

Fer oent dry watght of Ratlo þ wetght
n€edles

1.8 3.3 Lr1"8
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eâlîlor ft would appear that tho deterrent, effect of pungenJ.n Ls noù deter-

mlned stmpþ þ tts concentratfon relatLve to that of sucrose but alao

by the abso].ute quanttty of pungenin prosent. As the mol-eture content of

naüwe spruce noedres fs qrdte low ft cen tre deducod frorn lrTeJ.shre data

that the ooncentratton of prrngenln ln the fresh year-old spruce needles

would be of the order of that causLng a deterrent effect ln these testg.

Teetg wlth lhe aglucog. In vlew of the results obtaLned Ìrlth
pungenln ft uas of J.nteresü to fnvestigate the lnfluence of the aglucone

on feedfng response. the products of hydroþsls of pungenÍn are 3, b-
dfhydro4¡eoetophenone and !-glucoso end the aglueone conetttutes

sltghtly lees than half the wefght of the lntaot nolecule. To compare

fts effectfveness o,n ühe r.âsponse of çruce budwonn l¿rvae to o,o5 M.

Étuorose wtth that of t per cent pungenln tt wae tested, et a ooncentratLon

qf 0.5 per oent (fe¡le nf). At thte ooncentrafi.on therê wes sone,

er¡fdence of a deterrent effeot buü the dtfference wes not sfgnf.ffcent at

ühe 5 per cent level. This fs fn decided contrast to the results ob-

talned wtth I per cent pungenj¡ and lndfcates that the lntacü glucosf.de

molecule rltas e nore effectlve dsterrer¡t than lts aglucone. The effects

of the aglucone at a coneenùratLon of J. per cent were lnvestigated ar¡d

the resuLts are pnesented fn lable )c.,rr. At this concentration the

conpound had a verl¡ marked deterrent Ínfluenceo

Tests wlth cggrpotgrds structulally rer¿ted to tþe aglucong. To

lrruest'f.gate the spectficlty of the effect o¡ 3r h-¿*ryaro:gracetophenonê

some related cornpounds were tested in the same manner at a concentratlon

of L per cent. The structural rolatfonships of these comporunds are in-
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TABI,E XTJ

ATTMNATI'-CHOICE 1E.9TS - SPRUCE BT'DVTORM

o.ot M. srrnosD (A)
vs.

0.0t M. sucnosu + o.5% 3, h-DnrrDRonracE[opgrnlo]rg (B)

Repllcate Per cent dt sc erea Dtfference Trarrsfo¡med
eaten dljference

AB üo- - d;r
2,51t5

-o,?gb
1.141+h

-0.158
2,o75
0.000
0.8?lr

-Q,,ltg}
2.295
o,759

-0.9?h
o,6l$

T6
-h
10
rt
I
0
2

-l+
15

5
-2

2

3I
7

10
1
3
0

1B
Ir
I
2
I

L9
b

17
9,

10
3
2

llr
19
13
0
3

t
2

3
b
,
6
7I
9

t0
11
12

{" 113 65 he 8.259

x 9|I+LI 9.|+L'l lr.00O 0.688

{*' 2]..309

t - 2.012

tolr3.ro6 lo9=2.20l.;
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TÂBTE XLIT

ALTFRNÂTE-CHOfCE TIISTS - SPRITE BITDI^rOrü,r

0.05 Ì1. SUCROSE (e) VS , O,O' M. SUCROSE + lß 3, h-DtrTTDRoKyACETOpHEÏCft\rE (B)

Replloate Dtfferenoe lrar¡eformed
dtfference

A-BVa*åF

Per cent dtsc area
eaten

0.87L
0.518
2,828
1.L61+

3,623
6.r12
0. B7l+

3.10L
2.958
Lt,g9L+

\.963
1.639
3,82h
2,533
h.lhl
2,gtï
1.901
1,638
0.5t8
3.230
3.230
L.Bl+2

2
I

T2
3

22
ha

2
th
16
32
32
5

2h
10
23
16
7I
L

15
t5

6

o
0
0
0
1
0
0
o
1
0
1
0
I
0
0
1
2
0
0
0
0
o

2
1

T2

3
23
l+6

2
ljr
17
32
33
5

25
10
23
x?
9
5
1

ß
15
6

1
2

3
l+

5
6
7I
I

10
11
12
13
th
t,
16
n
18
19
20
2L
22

{x 316 309 98.662

fl+.¡6h 0,318 Lh.0l+6 2.666

t - B"22Bt*

tor-2.83L to5=z.cBo
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dleated 1n Ffg. 11.

1.2 Table . Sünratrrralþ ühtt

contpound dtffere from the agluoone onþ ln the relatlve positlong of the

lrydro4¡l, groups. A deterent effeot fies eppermü r¡lth thle ootnpound

and the dtfferenae ln response nes slgnfflcant at the 5 per cenü level.
I'ho compound ïes consfderabþ less effectlve than the agluoone.

. ThLs conrpound aleo

dtffErs fron the agluoone onþ fn the posltion of the hydroxyl groups.

rt hed a greater deterrent effeqt then the preoedfng eormpound. The

dl'ffe enoe 1n reaponse to the dtecg contalntng thte cornpound end those

oontafnlng Ëuorose alone ms olgntffcant at the I per cent reveI.
' 

The relatlve deterrensy of these two oonpqunds and the agluoone

lndloatee that the locatlon of the Ìqdrorryl groupe ln the benzene rLng

l¡¡fXusncee the effectfwness of the moleoule. 0ther arorneüio oomporrnde

poesesefng the orbho-dllqyd:ro4¡ grorptng but leatclng the carborSrl group

upre aleo tested to deüe¡mine their effeots on feedLng respotrrsê.

3. 3. h-IEþydro¡cybenzolc acld (: Frotoo"techutc acid) (T"ule xlv).
TÌrf-s eompound dlffers fron the aglucone Ln that the carbonyl grorp ts
replaced by a carbo:ryl group. It ïrad a slgnlflcant deterçent effect but

r¡ae somswhat Less ef,fecttve tten J, h-alhyArolryacetophenone.

Frotocateohrr¡Íc acr.d is conmonþ found ln plants (Bonner, l95o)

in both the free and cornbtned states. No referènces to its occr¡r.reneo

1n the folf.age of conLfers were fornd.

lr. Catechol (= hæocat,echol) (rable ll,vl). Thte orthodf.hydroxy

derlvattve of benzene had no slgnlftcant effect on the response to



f

3, h- n*ryO¡olryacetophenone

c00H

g0crr3

A.-*
ltl
\,/

0ll

2, h-Ofnyarolgracetophenona

COGTT

0
OH

2, 6-Dttrydrorç¡aoetophenone 3r h-Dthydro:rybenzol.c ecld
(protocatechulc aofcl )

ro6

OH
I

CH.CH-C0OH

h -Oftyaro:iycfnnamic acid
(Caffeic acld)

à.-ou
(-j

lyrocatechol

FIGT'RE 11

STRUCTURAL FONMT'I,AE FOR THE AGLTÍCOT\TE OF PUîIG,T'J}III{

A}ID SCSVIE RELATÐ CCMPOU¡ÍNS
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TÁBIE TLIII

ALTEffi{ATE-CTIOICE TESTS - SFRTJCE BTJItIrrOm'l

o.o5 M. stcnosE (.[)
vs"

0.05 M. sucRosÐ + Lí z, h-onrynnoxïAcgtopnuî[ot¡n (B)

Replfoate Per cent dLec area
eaten

DLfferenoe TranEformed
difference

.A- B úF- \ffi
o.h66
1.520
1,613'
0.6h6

-0.678
-0.6h6
0.000
2.379
0.h28
3.b09
1.638

-0.190
-o.g5h
1.789
0,158

Ir
I

12
2

t)

-¿,
0
I2,

29
5

-1
-?
13
I

16
3I
1
6
3
3
0
l+

6
0
7

20
?
9

20
11
20

3,3

1
3
9
6

3,
5
6

13
20
10

1
2

3
h
5
6
7
I
9

10
11
t2
L3
1¡
L9

{* 93t6g 72 11.6?h

x 11.000 6.zoo h.8oo o.??8

{* 30.9h3

t - 2,h39*

ior-z.w to5-e,th5
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TABIE XLW

ÂLTERNATE-CHOICE TESTS -. SPRIEE BUrrtr¡OFl

0.05 M. sncRosB (A)
vs.

0.05 M. sucRosE + Lfr 2, 6-DnrnRorrAcE[0pHE[roNE (B)

Replfoate Pen cent dlso aree
eaten

Dl.fferenoe lrensforned
dtftenence

AÇ,8 'útF'- ' !ÃE-

2.208
h.8gg
3,93O
O¡8?|l
3.1?8
6,26L
2,r93
O1726
2,22?-
2,li+g
3"3t5
L,690

I
t6
2l

2
22
5g
13t
12
T2
16

7

0
I
0
0
3
2
I
9
2
I
0
,1

I
31
2L
,2
2t
61
llr
1¡
llr
13
16
I

1
2

,
Ir
I
6
?I
9

10
1I
12

f* 233 2t3 31r.380

rß 19.h17 L,667 t?.750 2,865

t*2 1:26.652

ü. 6"215#*

tol"3.lo6 toÉ¿,zor

,\.: :::. :.t ij:::.:.
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TABIfr XI,V

ATTERI{ATE-6HOT6E TES'IS - SPRUCE BIID!fOM.Í

0.05 M" sucRosE (A)
vs.

0.05 lr. sucRosE + lß 3g h-nnrnnoroBENzolc AcIÐ (B)

Repltcete Pæ oenü dleo erea
eate¡

Dtfferenae Transfomþd
dtfferenoe

A-B \@,"-\ffi
2r}l5
L,120

-0.f/1
1.L61+
x.6g1
0.000
1.16t

9I'-3
3
7
o
3

I
3I
0I
I
o

10
11
,
3I
1
3

I
2
3
l+

5
6
7

{" 27ülrf 6,983

-I 5,897 2.ooo 3,857 o.998

{# L2,266

t - 2.811*

forr3.?o? toí.z.WT



TABLE XL14I

^LTEH\IAffi-CH0ICE 
TESTS - SFRIICE BUDdOfiM

0.05 M. slrcnosE + 1Í cRrncHot (A) vs. o.o5 M. sucRosE (B)

LLz

Replfcate Pe cent dLsc ar6a
eaten

Dffference tãiff::*::

A-B tñ*T- - 'Ft'
-o.5Ig

. _o,5r3
-0.911

3.101
-1.16h
h.l2h

-3r7O9
-1.gli2
o,2go
0.6?8
3,762

-f,.
-6
-8
lJr
-9
29

-f;9
-6
1
3

20

1
32
23
0
3
0

t9
6
2
3
2

0
26
t,
û
0

29
0
0
3
6

22

1
2
t
Ir
,
6
?I
9

10
11

f* LI, 2h91 3,2r8

:r 7ß.1ß9 8.273 2.!82 o.296

f*2 62'.393

t . O.396

to:r3.t69 
,

þoþz,¿zl
t:::::.::r-:'
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suoroso¡ Thue, whfle the positJ.onlng of th€ hydro:ç¡L groups hed an

lnfluenoe on ths rel¿tlve effectlver¡ess of the acetophenone derf.vatives,

the det,errent effect 1s not speciflcally due to the ortho-dtlrydrory

g"oupo

9, 3. L-Pthydro:çrclnnantc ae19 (. CafleLe actd) (1ebLe Eltnl).
Thfe aronatfe acld uas found to have a stlmuletfng effect on responoo e.t

the ooncentratton used J.n these fegts. The dtfference in response due

to thts conpormd nae slgnLftcent at the 1 per cEnt level.

NeLsh (f999), Ín a study of the bf.osynthesfs of pung€ntb ln

Colorado spruce, found. that oaffelo acld $as on€ of the best precursorg

of prrngeafur of the varlous. corTrpounds investLgated. As pungenin 1s formed

durlng the cor¡ree of growbh and ltgniffcatlon of the needles tt fs

posslble that oeffefc ecLd nay be prosent ln appreciable qrrantLtles f.n

the new vegetetfve ehoots. ff thte fe the oase ft woulct be elçeoted to

aontrtbute to the sùlmuletlng effectfi¡enese of the erbracts prepared from

thls materleL.

ñ¡. A FURTTTER, EXPEMMH\IT OIf THE ROIE OF PTINGET\TIN

ïn the tests wlth host-pl¿nt exbracts descrlbed earlier Ít, uas

dembnstra.ted that an ercbrect of parttaLly e:ncanded vegetatlve wtrlte

spruce bude evoked a greater feedfng response than.an e¡rbract of year-old

needl.es. This lras tnre even when the bud e¡rtract ruas dlluted to redræe

Lts sugar content to slightþ less than that of the needle e>rtract. A

sf.gnlficant difference Ín t,he chemistry of the bucls and the needlos,

whLch has been prevlousþ noted, is the relatively high concentratLon of

: l-.,i,;.'i



TABT.,E XTVil

ALTEH\ÏATE-CHOICE TESTS - SPRIICE BUDI¡IORM

o.o5 !ir. sucRosE + 1l cÁFFEIc AoID (a)
vs.

o,o5 M" sucRosE (B)

llh

Replleate Per cent dLsc area
eaten

DLfferenoe llrensformed
dliff,erence

rif: i;!1.

4oB ,fÆ*å - '{6
0.h93
2.093
1.638
3 r'l]'j,
r.32t

-o,250
1.8h2
h.h?6

-0.993
t,t6g
1.86?

Ir
11
5

39
9

-1
6

31
-6
13
t5

ljr
2
0

1¡,
1
Ir
0
1

]J+
x6

9

18
13
,

Éo
16

3
6

32I
2g
2b

I
2

3
b
9
6
7I
9

10
11

{x 20b 126 L7,67378

I ].:g.fl$ 7.O9r il..b5L 1.606

t*' 52'.É06

ü - 3.h3zrÉ+r

üor-3.r.69 þai'*¡z,zzï
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pungenLn ln the latter" In vlew of the denonstrated detenent effect of

Eürgenf.n on the !€sponse to aucrose lt was of tnterest to lnvestlgate the

releti.on of thls compound to the effectfvenees of the exbracts of the two

tf.gsues.

Exbract's of partfalþ elçanded drite Bpruce shoots end year-old

needLes !.rere pr€pared from the same desiccated plant materLal errd in the

san€ mann€r as deecribed on page !6. The sugar coneentrattons of the brd

and needle extracts were 2.8 end. 1.9 grams glucoee equtvalents per 1itre
respect,lveþ.

The brtrd ertraot rres dfluted 1¡1 wlth 80 per oent ett¡enol and 30

ng. of pur¡g€nfn were edded to 3 nle of thtg dlluted exbrect. The respcrse

üo dlscs treeted wtûh thts supplanented, extrraet uae then cornpared to the

response to dfsos treated wlth the neeclle entreat tn e eerlee of elte¡lrate

choLce teste. fn a parallel set of teets the needle erbrect nas,tesbed

agafnsü the dtluted bud ertrect to r¡trtch no pu¡rgenin had been added. The

resuLts of these tluo serLes of 'tests are glven in Tabres XLWII and '

XLVIX respectlvely.

Compartson of t'he reeults reveals thaü the addltÍon of pungenln to

the tud exbract consfderabl¡r reduced lts acceptance by the larvae. How-

ever'the amount of prrngenin adcl.ed to the bud extract to produce itris
deterrent effect ïas over ten tlmes that caLcuLat,ed to be presenù in the

needle exbract on the baste of publf.shed data (Nelsh, 1958). Therefore

a greater dlfference tn the response to the trro exbracts than ttat noted

1n Table XLWü would be e¡pecùed tf pungenin content uas the onþ factor
tr¡flue¡aclng the rel¿tive acceptabíLity of tbe tno exbraets" It fs

. .... (
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TABI,E XIVTII

AI,TMSIATE-CHOTCE TESTS - SIN,UCE BTÍD}JOMJI

DTÛTEÐ EIHÂîIOL ENRACT OF I^'}TTTE SPRUCE BITDS + Tf flNCU¡ITN (Â)
vs.

ErH.ANot gxrRacr oF TEAR-oLD tûHnE spnucp ìrmlui (B)

Repltoaüe . Per cent dtsc area
eaten

Dilff erence

A-B

Transfornred
dlfference

l: -;:

:l

-2r3?5
-]',.967
0.000
0.t tl
1.612

-Q.72O
0.000

-1.211
1.153
0.903

-1,.hoh
0.618

-],,r?l9
2,610
1.268
3,7A3

-9
-16

o
I

72

.-6
0

-6
16

9
-15

3
-9
26

9
3h

9
25

6
10'8
20

2

I
ho
20
36

l+

18
72
I
7

0
9
6

Lt
20
lb'

2

3
,6
29
2T

7
9

38
1?
br

I
2

3
Ir
,
6
7I
9

10ït
t2
13
ilr
t,
16

{* bg281 23h 3.f:82
_-' -ria;r:
1ì: !:::i

x 1?.688 th.629 3.063 0.199

[*' tJ¿.5b9

. ü s o.h?6

tol-2.9h? to5=e.13L
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TABIE XITX

¿LTffi\IATE-CHOICE TESTS - SPRITCE BIJDI/ùOH,Î

80 PEA, CE:}IT EITTIAÌ\IOT, ÐffRACT OF I/ìIHITE SPRUCE BIJDS (DIITNED)
vs.

8o Pnn CENTT ETHAI\IoI, ExTRAcT OF YEÁn-OÐ VITITE SPRUcE I:rEmlM^S

(r)

(B)

Repltcaüe Per aent dLsc area
eeten

Dtfferencs

A-B

Transformed
cltffsrenoe

BA (nã-íÃ

3,]'16
3,lfl 6
2,\30
1.0h6

3h
u
I,

6

th
0
3t

h8'
t1
18
11

1
¿

3
h

{" 1222eh 10.I08

x 23.9oo 5,500 18.000 ?.,527

t*' 29"ohz

¡ = l¡.688*

t61=g.Blr1
'ofu3.t8,
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posslblo that there ls nor€ ühen one deüerrent factor ln the old needles.

.Also the buds rnay eontel¡ stlnulstlng constLtuente ülut are abse¡ïü fron

or present, in lower concentratlon tn the old rnedlee¿ ft nee suggested

""itt"" that aeffetc acLd may be a feotor thatflts tn the letter catcgory,

i li:::1:- .-i : :
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APPSI\IDTX A

I,TS[ OF TÍTE CCD,IMON N/I¡,ÍES OF ¡IATIVE TRF,ES I'SIÐ.
TüTfiT THEIR SCIEI\TTTFTC EQITIVALEITITfu

Balsan ffr
Tanarack

lùhfte sprucs

Black spruce

Red spnrce

Jack plne

Douglee ffr

4ÞLe_q balsanea (t.) Ulll.
- þrix lerfcfna (Ou Roi) tc. Koch

- Plcsa glauca (l,foench.) Voss

- ?lqe_q na¡tana (ulil..) gsp.

FLcea rubggs Sarg.

Ptnus- Banketane Ismb.

Pseudotsuge menzLesff (UtrU.),

1 As gLven tn ftNettve Troes of Canadatt 6th Edltton,
Br¡lretln_ S6l, eatøda Departmeub of Forestry,
Obtawa, 1961.
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APPETÍDTX B

TÏ}fIi-t/TPSE PHCNOGRAPÍ{T STUDTES OT' T.,ARV/TL nEIDT}IG BF]HAVIoR

' 
Ae has been deecrfbect ln Chapter IV, the larval feeding tssts were

of h8 hours duretlon" Although the larrrae usnatly appeared normal and

aottvre et the end of thfe tirne, tt was deslrable to deterrnLne whether

there $an any progresstve or abnrpt change in the frequøncy or amount of
feeding dwing the tests. The teohnique of tlme-lapse photography ruas

made use of to detormfne thLe.

The equlprnrent conel-sùed of a Kodak clne-speofal Mark fi, 16 mm.

cenef,e rdth w?rfch ues assocÍated a Stevene Tfinerl to oontrol the ltght,e
and shutter. The camera Ïras fitted u,tth a cj.ne Ekta t 25 mm, r[.L rens
rtth an extensfon ring and specer added to reduee the ffeld stze. The

fllm used wes Kodach:rone t¡4po 4. fllurninatlon was rrrovtded try two l0o
watt photoflood lamps. Slngle-frame exposÌres ürere macîe at slx-rninut,e

f.nter'als. The timer acttr¡ated the r.tght crrcuft before trrpptng the

single-frame bubton.

Each test was of L5 trours dr¡ratlon makÍng f.t posslbLe to record
etght such tests on each 100 foot roLl of ftlm.

The test chamber fias of the same t¡49e used in the sfngre-disc
teets except that the light masks were omitted and the plth disc uas

nountod on a llght blue paper whlch provided a sui.table degree of color
confrast. The e¡perf.nentaL set-up (Fig. J_) was enclosed in a frane

l stevens Rrglneening co,r z'l+z!Mir.1ta4¡ Ave., Los Ange].es 6l¡, car.fJornia.
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APPENDTX FIGT'RE 1

ARRANGB{H\ÌT 0F PHOTOGRAPHIC ÁPPARATIIS AND FEÐING
CHÀMBM ÁS USÐ TN TI}{E-T,APSE RECORDTNG

OF FEMING ACTT\ÆTT



.**#'
covered trlth hearry black cotton and the room wes kept darkened groughout

the test. Tenperatrrre rras nalntelnsd at approxlmately zi.o c,

Ten feedlng testa were made wlth dtscs treated wtür 0.1 M.

,*"or" and ten ¡¡'lth dlsce treated wtth 0.5 M. sueros6. The larr¡a.e uged

uere fffth-lnsbar spruce tnrdworm larvae which tnd been reared on

tansrack.

Frame-br-frame anaLysf.s of the ftlns was carrted out ustng a

Kodak ana\ysis nroJector. The tnage of the dlse vras proJeetod on sn

out'l1ne form ancL a traclng was mede of eaoh picture whlch showed a feed-

lng lncrenent,. llach traclng was then neasrued w.tth a pLanl.meter.

The data thus obtaLned from six representatLve tosts, three nlüh

0.1 l,f. sucrose end ttree lufüh 0.5 M. eucrose, are presented graphtcalþ
I'n Flgures 2 þo 7, These graphs depfot the feedlng lncrements erçresoed

eg cunulatfve peroantages of the diso aree consumed," The upright soltd,
bars represent the feedfng lncrements and the horlzontal dotted lines
depfct the fnte¡vals betl,reen feedfng perfods. Departrrre of the uprfgþt
bars from the vertical, which occr¡rs only once fn these graphs,

lndtcates ùbat the feodfng perlod enbended ovar a 1onger tnterval than
the slx nlnutes between suecessive frames.

' From theee graphs tt can be seen that the inceptfon of feedfng

usually occrrffed shortly after the comnencement of the test but r€s $oî's-

times delayed. In aLl casês a eomer,ihat gpeater amount of feedlng took
p]-ace dr:rÍng the flrst half of the test period than the last half " Ilola-

ever, there was no marked drop-off or slggrtficant change tn frequency of
feedfng 1n the latter parb of the test perlod,

::i: ..!:



These results

feadlng responses of

unlform.

indlcated that durí,ng a tast,

the larr¡ae could ho expr:ctorl

'ffi
¡rorforJ of LB hou¡s tho

to remaJ.n rolatfvaþ



APPENDIT FIGT'RE 2

GBAPTT OF TTME-LITPSE PHCITOGR.A?HT RæORT} OF EffiDTNG OF A EIEIS-I}TSI^AR SPRT'CE
BUD'oIOB{ IARVA 0N A PIIH DIS TREIITED WIÏH O.1 ì{. SIrcR0SE
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ÂPPENDTX T'IGT'RE 3

GR¡PI{ OF TT},ÎE-I,APSE FHOTOGRA$T RECOPÐ OF FETÐÏ}IG OF A HTHTH-TNSTAR SPRITCE
BUIniüOm{ r,Arra 0N A PmH Drsc TREATEÐ. }ürrH o.l M. sucBosE
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AP?EßIDTX FIGTRE h

GRÁ}H OF TIT,TE-I,APSE PTTOfOGRÁPtr RECOND OF TEEDTI\G OF A FTF?H-TT\ET.AR sPaUcE
BTD}IOAM LARVA OI\T A PTTH DISC IEEATED TITTH O.1 M. SæROSE
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ÂFPENT}IX FIGÌIRE 

'
GRÂFH OF TIME-TAPSE ITIOfOGRtrEHT NECORD OF FEEDIIVG OF A FIFIH.T¡ÏSTAR STR,UCE

BI]Ð','MM{ LARVÂ OT\T A PITH DrSc TREATED T.ITIH o.' M. sænôõE
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ÂPPENDIX FIGIIRE 6

GNAPE OI' ITME-T,APSE FHCITOGRA?HT RECORD OF FEEDT}ÍG OF A FTFTH-IMiTâB SPRI'CE
BI'0 ,1 T,ARVA ON .A PTTH DISC.TREITTÐ }.TTrH 0.5 T,f. SWBOSE



!;:
::;

.-
 t

::i
:l

C
U

M
U

LA
T

IV
E

 P
E

R
 C

E
 N

T
 F

E
E

D
IN

G
-ñ

d¡
qo

{o
o

o 
o 

o 
o 

._
 

o 
õ 

o 
o 

ó

¡_
rl

.;
-o = m z3 C
N l,-

o o o

¡-
l-

\ -t
I ¡r

o
o\

Q
 ' (r

l

F
=

t(
n

o! P
ã .D

.D C
¡

.D = o õ (o ñ

e¡
:ií

r,
"*

¡r
âu

çí
åç

;*
.x

*.
**

 þ
 

rr



APPtr{ÐIT ETGTIRE 7

GRÂPH OF TIT4E-T,ÁPSE PHOIOGRAPHT NECORD OF FEEÐÏM} OF ¡. FIETH-INSTAR SIPBTNE
BTEWORM LARvA O}T Â PnH I}Isc TREATED l.TTrF o.5 T,f . sttrB'osE
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