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AN INVESTIGATION OF THE EFFECTS OF SCOME CHIMICAL
CONSTTTUENTS OF THE HOST PLANTS. AND RELATED &
COMPOUNDS ON THE FEEDING RESPONSES OF LARVAE OF

THE SPRUCE BUDWORM, Choristoneura fumiferana (Clem.,)

AND THE JACK-PINE BUDWORM, Choristoneura pimus Free.

The feeding responses of penultimate-instar larvae of the spruce

budworm, Choristoneura fumiferana (Clem.) and the jack-pine budworm,

C. pinus Free. to certain chemical constituents of the host plants and
gome related compourds were investigated, Particular attention was given
to the relative acceptability of staminate flowers, developing vegetative
- shoots and mature needles.
- Substances were tested.by incorporating -them into thin discs of
Japanese elder pith upon which larvae were permitted to feed. Responses

were debermined quantitatively by measuring the areas of the discs

. consumed by the larvae,
Feeding responses were tested to host plant extracts prepared with
different solvents and to a number of pure chemicals known to be present

in the extracts, as well as to some compounds related to these chemicals,

Of the solvents tested, 7O per cent ethanol was the most effective in
extracting stimulating components,

A number of sugars stimulated feeding., The most effective were
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CHAPTER I
INTRODUCT ION

The spruce budworm (Choristoneura fumiferana (Clem,)) and the

Jack-pine budworm (C. pinus Free.) are closely related North American
species of the subfamily Archipinae whose larvae are important defoliaw
tors of conifers (Freeman, 1958)0 The spruce budworm is one of the
mnost destructive forest insects in North America {Craighead, 1950),
Receﬁt]y it has been the subject of intensive ecological investigations
and 1arge-s§ale chemical control operatiohs in the predominantly
balsam-firl forests of New Bruﬁswick (Morris, in press), The jacke
pine budworm is of less eéonomic concern‘gnd has not been studied és

intensively, It has nevertheless caused considerable damage in native

jaqk pine stahds and Scots pine (Pinus sylvestris I,) plantings in
areas of southern Manitoba, northwestern Onmtario and the neighbéring
Lake States, | | | |

The life history of the spruce budwqrm 1s briefly as follows:
The eggs are laid on the heedles of the host tree in July and hatch in
~ about eight to twelve days. Shortly after hatching the first-instar
" larva spins a hibernaculum in a protacted spot on the host tree, It

molts to the second instar in the’hibernaculum and enters'diapause.-

1 Native host trees are referred to by the accepted common name as
given in "Native Trees of Canada" 6th Edition, Bulletin #61, Canada
Department of Forestry, Ottawa, 1961, These are listed together
with their scientific names in Appendix A,
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Next spring the larva emerges from its hibernaculum and begins to feed
either by mining the o0ld nesdles or entering staminate flowers or
vegetative buds, In later larval stages feeding is confined primarily
to the new vegetative shoots. After about three to five weeks the
larva pupates on the host tree and the adult emerges in asbout nine
déysa

The life history of the jack-pine budworm is similar but
emergence in the spring is usually about.two weeks later and this
developmental difference is normally maintained thfoughout the season,
This temporal differential is considersd by Smith (1953) 0 be the most
effective isolating mechanism méintaining the integrity of the two
species, as they are aympafric in part of their range and will hybrid-
ize to produce fertile progeny.

As their common names imply, the spruce and jack-vine budworms |
differ in their host tree relationships. The spruce budworm occurs on
a variety of conifers, In eastern and éentral North Ameriga the
principal hosts are balsam fir and the native spruces. In the north-
western states and British Columbia, Douglas fir and the true firs are
the primary hosts., In addition other conifers are occasionally
attacked where these occur in mixture with the respective preferred
ﬁosts. The jacke-pine budworm is primarily a pest of jack pine bub
occurs on 6ther pines and sometimes on tamarack, In the laboratory
spruce budworm larvae can be reared readily on vegetative shoots of
Jack pine and the jack-pine budworm on spruce or balsam fir terminals.

As opposed to probable host-specific ovipositional responses of the




adults, host favorability to the feeding larvae appears to be determined

primarily by the phenological relationships of the insects and their
principal host trees. FEmergence of spruce budworm larvae in the spring
coincides, within fairly close limits, with the renewal of bud develop-
ment of balsam fir énd white spruce; while the later emergence of Jjack-
pine budworm larvae occurs at the—time when jack pine staminate flowers
are neafing full development and the vegetative shoots are beginning to
elongate. Blais (1957) has demonstrated that the relative immunity of
black spruce to spruce.budwornm éttack is attributable to the delayed
development of thé buds of this tres, When, due to certain wgather
conditions, the staminate floWérs or vegetative buds of black spruce
are availablé to the newl& emerged larvae, they feed on these and
develop normally., ‘ |

Other aspects of the feeding behavior of budworm larvae in
addition to inter-specific host trée relationships have received cone
siderable attention from ecologists, Blais (1952) in his study of
spruce budworm populations on balsam fir noted that development of the
staminate flowers preceded swelling of the vegetative buds by one to
two weeks. When staminate flowers were available larvae fed in these
and did not mine old needles, Feeding in the flowers continued until |
- the pbllen wag ‘shed after which the larvae migrated to the newly de-
veloping vegetative shoots. It was noted that when a larva had com-
Apletely consumed thq new shoot on which it had been feeding it would
search for new gfowth rather than feed on the readily available

needles of previous years! growth., When larvae were forced to feed on
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0ld needles due to exhaustion of current shoots theiyr development was

greatly retarded. The adults developing from such larvae were under-
sized and their fecundity was considerably reduced (Blais, 1953).

Despite these effects on development and growth, Blais found that

fifth-instar larvae reared in the laboratory on old foliage experienced
no greater mortality than larvae reared on new shoots. Greenbank (1956)
noted that larvae which fed on current year's needles that had hardened
gave rise to abnormally esmall adults, The old needles and mature new

growth of white spruce appear to be even less acceptable to the larvae

than those of balsam fir and similar effects on larval growth have besn
recorded by Swaine et al (192&),

In the case of thevjack-pine budworm, the ecological importance
of staminate flowers was fifst recognized by Graham (1935). High popu-
lation levels of this insect are almost invariably associated with an
abundance of staminate flowers (Hodson and Zehngraff, 1946; lLejeune and
Black, 1950), ﬁewly—emerged larvae of the jack-pine budworm become
established in the male flowers just before pollen shedding commences

and they remain feeding in the flowers as long as part of the pollen is

‘retained in them, usually until the larvas are in the fourth or fifth

stadium, They then commence to feed on the new terminal shoots, Some
larvae complete their entire larval development feeding on the staminate
flowers, Jack-pine budworm larvae usually continue to feed in the

staminate flowers for a longer period than do spruce budworm larvae.

This is undoubtedly due to the fact that the staminate cones of jack

pine occur in larger clusters than those of balsam fir or spruce and,
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after ripening, retain a portion of their pollen for a longer period,

The Problem
It is evident that the food plant relationships of budworm

larvae are complex, concerned as they are with phenological aspects of

host tree development as well as behavioral responses of the insects.
Orientation of larvae to suitable feeding sites involves the reactions
of the larvae to tactile stimuli, light and humidity. These aspects of
behavior have been studied intensively by W, G, Wellington (1948, 1949,

1950). The role of chemical stimuli in budworm larval feeding be-

“havior has not been investigated, Their importance is indicated by the
findings of E. F. Wellington (19L9) who, in attempts to develop a suit-
able artificial medium for rearing budworm larvse, found it necessary to
incorporate host plant foliage in the diet to make it accoptable,

This thesis reports on an investigation of the role of chemical
constituents of the host plants as gustatory stimuli for spruce and
Jack-pine budworm larvae. As has been noted, these larvae will feed
on a wide variety of conifers. Alfhough these are not necessarily all

equally acceptable it indicates that at least some of the stimulating

~components are present in most conifers, Especial consideration was
given to the relative acceptability of staminate flowers, developing
vegetative shoots and mature needles,

Most of the experiments concerned the feeding responses of

larvae of the spruce budworm as the population decline of the jacke
pine budworm in 1958 made it impossible to secure sufficient numbers

of the latter insect, As more information was available on the chem-




igtry of the foliage of white spruce than the other host trees,

primary attention was given to this host,

Organization of the Thesie

The feeding responses of penultimate-instar sprube budworm and
Jack-pine budworm larvae were investigated in tests with host plant
extracts and certain pure chemicals. Two general types of feeding
tests were utilized. The first of these dealt with on the following
pages were of the‘no-choice-type. In these tests the various host
plant extracts and chemicals were presented to the larvae individually '
in replicated series, These tests are designated (Chapter IV) as
"single-disc™ tests, 'Disc! has reference to the Japanese elder pith
discs which served as the inert substrate carrying the test substance.
Tests of this type provided a means of screening various plant extracts
and a number of pure chemicals, including sugars, amino acids and’
certain known plant constituents, for their effect on larval feeding
response, They also provided some indication of the relative effect-
iveness of the different extracts and chemicals,

The other type of test was the choice test., Choice tests per-
mitted the comparison of response to two or more substances or mixtures
of Substaﬁces and to the same substances at different concentrations.
Most of the choice tests were of the alternate-choice type where com-
parison was made between two substances each repraesented by one test
disc.

By means of choice tests the following aspects of budwdnm

larval feeding behavior were investigated:
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3.
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The relative responses to extracts of host plant tissues prepared

with various solvents,

The relative effectiveness of host plant extracts and pure sucrose
ag feeding stimuli. |

The relative acceptabllity by the larvae of extracts prepared from
staminate flowers, new vegetative shoots and mature needles of white
sbruce. |

The relative stimulating effectiveness of the principal host plant
sugars. |

The effect of sucrose concentration on feeding response.
Comparison of the response to mixfures of certain individual
chemical congtituents 6f the host plants with sucrose to that to
suerose al&ne to determine whether the substances in question act
ag feeding stimulants or feediﬁg deterrents,

The stimulant or deterrent effects of the various substances

" tested are relaﬁed to their distribution in the variocus tissues of the

host plants and to:the relative acceptability of these plant tissues by

the feeding larvas.

In the literature review general references on chemoreception in

insects are mentioned. This is followed by a consideration of the

pertinent literature on the role of the chemical senses in food-plant

- acceptance by insects, Most of this work is of recent date which is

indicative of the current interest in this area of investigation.
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CHAPTER IT

REVIEW OF THE LITERATURE

In general the chemical senses of insects éreihighly developed
and chemicallstimulation plays an important role in initiating various
types of behavioral responses. The most intensive studies on the
physiology of chemoreception in insects have been those of von Frisch

énd his students on the honey bee (von Frisch 1919, 1934, 1950) and of

Dethier and his students and colleagues on the blowfly, Phormia regina

Meigen (Dethier 1955,'1956; Hodgson 1958), Recent compfehensive lit-
erature reviews are by Dethier and Chadwick (1948), Dethier (1953, 195L,
1956) and Hodgson (1958),

The role of the.chemical senses 1In food plant recognition by an
oligophégous insect was first effectively demonstrated by the classical
researéhes of Verschaeffelt (1910)., He showed that larvae of Pieris
rapae L. and P, brassicae (L.), that feed almost exclusively on cruci-

ferous plants, are stimulated by the mustard oil glucosides which they

contain, 'These findingé have been further elucidated by Thorsteinson

(1953) in studies of another crucifer feeder, the diamondback moth,

Plutella maculipennis (Curt,). He showed that the mustard oil gluco-

sides, sinigrin, sinalbin and glucoheirolin, in the presence of

nutrients, induced continuous feeding, The potency of these compounds

is indicated by the finding that a concentration of sinigrin as low as
two parts per million was sufficient to produce a feeding response,

There are a few other instances where it has been demonstrated
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that the food plant specificity of an insect is associated with the

presence of a chemical (or related chemicals) of limited botanical

distribution, Dethier (1941, 1947) found that the food plants (mainly

Umbelliferae) of the butterfly, Papilio ajax L., contain certain dis-
tinctive essential oils, He noted that the laivae would feed on filter
paper treated with these olls or pure constituents of the oilé, inclu-
ding carvone,'methyl chavicol, or coriandrol, Filter paper treated
with methyl chavicol was preferred to fresh carrot léaves, a natural
food, These volatlile plant constituents presumably act through the
olfactory receptors. Yamamoto and Fraenkel (19€0a) have reported the
igolation of a specific feéding stimilant for the larva of the tobacco

hornworm, Protoparce sexta (Johan.). Oviposition and feeding of this
insect is confined almost exclusively to plants of the family Solan-
aceae (Yamamoto and Fraenkel, 1960b). The feeding stimulant was iso.

lated in pure form and was said to have the characteristic properties |

of a glycoside but was not further identified. TIts stimulating effect-

~ iveness is dependent on the presence of nutrients particularly'sugars.

Lippold (1957) investigated the host specificity of the Mexican bean

beetle, Epilachna varivestis Muls., which feeds on the.genué Phaseolus
..ané to some extent on the soybean. He found that a plant extract
fraction cbntaining a glycogide of a triterpenoid saponin stimulated
feeding by this insect. However, this material was not isolaﬁed in
pure form,

In contradistinction o the role of host plant chemicals as

discussed in the preceding paragraphs rejection of potertial host
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planté has been shoim to be caused, in soms instances, by compounds of
restricted occurrence which act as feeding deterrents. This has been
egtablished most effectivaly for the Colorado potato bestle, Leptino-

tarsa decemlineata Say, which feeds only on certain Solanaceas, Plants

of this family contain a variety of glycoalkaloids, some that act as
feeding deterrents and others that do not influence feeding behavior
but may be toﬁc (XKuhn and Léw, 1955),

On the basis of relationships such as those discussed abqve and
other considerations, Fraenkel (1953, 1959a, 1959b) has proposed that °
the presence or absence of so-célled "secondary" plant substances (glue
cosides, saponing, tannins, alléaloids, etc,), provides the sole basis
for food plant speoificitj of insects, Criticisms of this viewpoint
have been presented by Beck (1956b) and Thorsteinson (1960).

The complex nature of chemical stimuli that may be :tnvolveq in.
orientation on the host plant and in feeding reactions has been indica~
ted by studies on larvae of the silkworm M mori (L.). These larvae
can be successfully reared only on a few plants other than their nérmal
host, mulberry, Morus alba. Watanabe (1958) demonétrated that two
volatile compounds isolated from mulberry lsaves by steam diéﬁillation,‘
B -'3’ - hexenol andx -S - hexenal, were strongly attractive to larvae,
Hamamura ot al (1961) discovered that citral, 1linalyl acetate and
linalol, which are present in an ether-soluble fraction of mul'ﬁerry
leaves, were even more attractive to the larvae than hexanol, Terpinyl .
acetate was also preseﬁt and slightly attractive. These investigators
also found thatf -sitosterol stimulates the larvae to bite., This vcom-
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pound was found in high concentrations on the surface of mulberry leaves,
Continuous ingestion however was dependent on an'unidentified factor
which Hamamura (1959) found was soluble in water and insoluble in

methanol, Ito (1960) tested a variety of carbohydrates and related

compounds for their effect on the feeding responses of silkworm
larvae, He noted that a number of sugars induced feeding and that

sucrose was fed on even in the absence of mulberry leaf powder, How-

ever, maximum feeding occurred when sucrose and leaf powder were both

present, High concentrations of casein also stimulated feeding.

In contrast to the situation with the silkworm, Beck (19%6a)
found that sugar alone was adequate to induce'normal feeding by larvaa

of the European corn borer, Pyrausta.nubilalis (Hubn,). Under natural

cbnditions this insect feeds on a wide variety of plants. The three .
principal sugars of the corn plant, sucrose, fructose and glucose, all
stimilated feeding. In choice experiments with agar base artificial

media, the larvae aggregated at the highest sugar concentration up to

an optimum valﬁe that was different for each sugar.

Frings (1946) pointed out that sucrose appears to be almost

universally acceptable to animals. As plants contain appreciable

- quantities of sucrose and other sugars, it is not surprising that a
nurber of phytophagous insects have been shown to feed readily on
certain sugars, Specific references to such responses will be made

elsewhere in this thesis. Instances of feeding responses to other

‘compounds of general or sporadic distributionvin prlants have been

discussed by Thorsteinson (1960),
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Polyphagous insects may feed readily on artificial diets that
lack any subétances that can be demonstrated to have significant stim-
ulating effects when tested individually.' Dadd (1960), in his studies
on locust nutrition, found that sugar, yeast and wheatgerm oil were the
only substances in his #rtificial diets that appreciably sbimulated
feeding. Nevertheless, when these three items were eliminated from the
diet the nymphs would feed and grow on it. Similarly Beck {(1956b)
discovered that European corn boier larvae would feed :and grow on diets
containing no sugar. _

The results of ablation experiments with oligophagéus insects
indi;ate that spontaneous feeding regponses may be restrained to a
large extent by inhibitory stiﬁuli originating in the peripheral sqﬁée
- organs, Chin (1950) showed that, following removal of the antemnae
and maxillary and labial palpi, Colorado potato beetle larvae qxhibitpd
‘biting responses to odorless and tasteless subsﬁrates as well aé to
normally unacceptable plants, -Waldbauer and Fraenkel (1961) found that
maxillectomized larvae of the tobacco hormworm fed readily on‘some
plants that normal larvae rejected, Thése larvae also.fed to a greater

extent than normal larvae on such bland media as filter paper and agar,




CHAPTER IIT

MATERTALS AND METHODS

' Collection, Rearing and Handling of Experimental Insects

Test larvae were obtained from the field during the normal
feeding period and were reared from stocks of diapausing larvae main-
tained in the laboratory at other times of the year, ‘
Spruce budworm material originated mainly from two active ne
festations, one in northwestern Manitoba near Namew Lake, the other on
the western edge of Iake Winnipeg near Ioon Straits; Both these in-
feostations are in mixed sﬁandsbof balgam fir and white spruce,
Jack-pine'budwormilarvae were obtainéd during the early stages
of this study from localized infestations in southeastern Manitoba and
the interlake district, With the decline of this irmsect to very low
population levels throughout the Province by 1958 it became'impossible.
to obtain adequate numbers of this insect for expe:imental purpOSeé;
Field-collected larvae were reared on developing shoots of the
normallhost foliage in élass Jelly jars with tight-fitting 1ids., The
period during which the feeding larvae were‘availahleifor test purposes
waé extended to approximately five weeks by adjusting rearing tempera-
tures,
It was hecessary to make special provision to have larvae
available for stﬁdy during those periods of the year when they cculd
not be obtained in £he fiéld. Mass collections of ultimate-instar

larvae were brought to the laboratory and reared to the adult stage.
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The moths were placed in scresen cages in groups of four or five pairs

each and‘ware provided with branches of the host tree on which to ovi-
posit, Eggs were handled by the method described by Stehr (195h) to
“provide stocks of diapausing Secdnd-instar 1arvae."Aftar four to five
weeks at room temperature (ca, 23° C.) the larvaé were stored at 3° C.
for a minimum of ten weeks., ILarvae were returned to room temperature
as required and exposed to high humidity and continuous illumination.
These conditions are known to favor survival and early termination of
diapause (Harvey, 1958).

In the early stages of this investigation,'the newly-emerged
larvae were reared on frozen términal-shoots of'sbruce or balsém fir
as recommended by Stehr (i95h). Difficulties were éncountered, however,

vdue to the formation of mold and drying of the plant material, which
necessitated frequent handling and transferring of the larvae. This
caused oonéidergble mortality and was very laborious., A more satis-
'factory method of rearing was developed which utilized thé vegetative
ghoots of tamarack. These are readily acceptéble as food by larvae of
both specles of budworm,

To provide a source of tamarack shoﬁts, small trees, three feest

to four feet in height, were planted in boxes in thé autumn and placed
in the greenhouse. In the greenhouse, illumination from fluorescent
lamps was provided from 8:00 a.m. to 8:00 p.m. and from 12:60 Dele t6
1:00 a,m. This lighting regimen was found by Vaartaja (1957) to be
most favorable for shoot growth, Once well established in the green-

house the trees produced shoots in considerable numbers and pruning
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of the trees to provide shoots for fesding purposes further stimulated
thelr production.

The rearing containers congisted of plastic petri dishes with
tight-fitting lids,’ They were 2 3/l inches in diameter and 3/l inch
in depth, Ventilation was provided by 1/2 inch ports drilled in hoth
the 1id and bobttom ssctions, The ports were covered with squares of
fine~mesh silk bolting cloth cemented over their inner surfaces., A
notch of 3/16 inches depth was cub in the rim of each section to
accommodate the branchlets.

Twigs with shoots having partially expanded needles were cub
to a length of aboubt four inches, WNeedle fascicles along the lower
portion of the stems were removed and thres or four shoots wére bound
together with a twist of cotton wool. These shoots were then placed in
the rearing container with the cotton wool fitting in the notch in the
dish rim, A newly-emerged second-instar larva was pléced on each shoot

with a maximm of four larvae to a container. Two such assemblies with

their lids in place were supported upright on a jelly tumbler partially

filled with tap water (Figure 1),

The rearing was done in a room maintained at approximately 23°
C. and equipped with overhead fluorescent lights. The room was
illuminated from 8:00 a.m. to 8:00 p.m. C.5.T. daily. The shoots

remained fresh in appearance and nubtritionally adequate for two to

1 General Biological Supply House, Inc., Chicago, Illinois.
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FIGURE 1

CONTAINERS USED TO REAR BUDWORM LARVAE ON TAMARACK SHOOTS
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threée weeks. In most instances it was only necessary to transfer the
larvae to fresh food once prior to their molt to the fifth instar,

Penultimate-instar larvae were selected for the feeding tests
because the limited feeding of earlier stage larvae did not permit
quantitative evaluation by the technique used in these tests., Ultimate-
instar larvae, on the other hand, are less sensitive test“subjects be-
cause they coﬁsume relatively large amounts of food and tend to be less
discriminate in their biting reactions, Penultimate~instar (fifthe
instar) spruce budworm larvae were identified by their cblor and by
- head capsule measurements (McGugah, 195hs Bean and Batzer, 1957). A
complication arose in the case of the Jjack~pine budworm due to the
occurrence of a seventh instar in aboub half the larvae (Léjeune, 1950).
The larvae used in these tests were those with penultimate head-cap-
sule widths within the range reported for the seveninstar group.

Larvae were removed from their rearing containers approximately'
six hours before the commencement of a test and were placed in plagtic
petri dishes containing discs of filter paper moistensd with distilled
water, The primary purpose of this pre-conditioning treatment was to
allow for evacuation of the gubt and thus prevenﬁ fouling of the test

”disgs with faecal material that might influence feeding responses.

Methods Used in Testing and Measuring Feeding Responses

Several techniques have been devised for testing the effects
of chemicals on the feeding responses of mandibulate_phytophagous
insects (Thorsteinson, 1955), Basically, the techniques are of two

types. In one the substance to be tested is either coated on the SUP-
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face of the host plant leaf or infiltrated into it. In the second the
test material is incorporated into a non-stimulating medium such as
filter paper, pith or agar gel. The amount of feeding is determined
eﬁther directly by measuring the quantity of material eaten or indi-
rectly by counting or weighing the number of frass pellets produced; A
novel variation of the filter paper technique was recently used by
Davis (1961)'in feeding tests with wireworm larvae, He applied the
test materials to Unidisks (Difco Laboratories Inc., Detroit, Michigan)
and measured the amount of feeding in terms of light transmission
values measured with a Photovolt densitometer. Bsck (1956a), in his
investigations of the feeding reactions of newly~-hatched Europeén corn
borer larvae, used agar~based diets and expressed results in teirms bf
the quantitative distribution of groups of established feeding 1ar§ae
in choice tests, ‘ _ _

In the present invéstigation a‘modification of the pith;disc
 technique originated by Raucowrt and Trouvelot (1936) was utilized,
Japanese elder pith has certain advantages over the other two commonly
used media, filter'papef and agar, forAuse with budworm larvae, Filter
paper was found to be unsatisfactory as it is too tough and fibrous for
the larvae to feed on readily., Agar proved unsuitable because the
habit of the larvae of tunnelling in the medium made it difficult to
';ount frass pellets accurately, The establishment response method of
Beck could not be employed because it was not possible to have avail-
able sufficient numbers of newly-smerged postdiapause larvae of uniform

age.
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Slices of Japsnese elder pith2 were cut to a thickness of 200
microns with a sliding microtome and punched into uniform-sized discs
of 1/2 inch diameter with a steel cork borer. To obviate differences
due to variation in the texture of the pith, the discs used in any
given experiment were cut from the same plece of pith. The dry discs
were immersed in & solubtion of the test substance for five minutes, and
then were removed, drained of excess solution and air-dried. For test=
ing purposes the discs were mounted on wax-treated paper. The paper
was prepared by dipping in molten paraffin and draining off the excess.
The discs were then placed in posibion on the papef and pressed lightly
on the partially-congealed wax with a clean cork. Care was taken that
the paraffin did not impregnate the discs,

Budworm larvae are strongly thigmotactic and also respond
positively to a diffuse light source in all stadia (Wéllingﬁon, 1948) .
These behaviourél characteristics were taken into account‘in designing
the test chambers and in arranging the lighting conditions under which
the tests were conducted, The test chambers were made of acrylic
plastic plates 1.5 mm, in thickness which could be quickly assembled in
sandwich-like fasion. A circular area was cut from the middle of the
centre plate, In the shallow chamber so-formed the larva could maintain
simultaneous contact with the dorsal and ventral body surfaces thus
favoring the thigmotactic component of its behavioural response,

Experiments were carried oubt on a light table consisting of a box with

2 purchased from General Biological Supply House, Inc., Chicago, Il1.
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black walls and top and a floor composed of a sheet of ground glass,
The glass was lighted from below by fluorescent tubes. In single~disc
tests the light was restricted to the area of the test disc by means of
a black paper mask., This served to orient the larva to the dise, Fx-
ploded views of the two types of assemblies used in single-disc and
cholce tests,‘respectively, are shown in Figures 2 and 3., Test chame
bers ére shown in position on the light table in Figure li,

In all cases the treated discs were used in the dyy state, The
larvae fed readily under these circumstances, Moistening of the discs
| would have introduced an uncertain variable as it would have been dif-
ficult or impossible to maintain'uniforﬁ conditions of-ﬁoisture
throughout the test perioé.

A1l tests were.of L8 hours duration. This allowed time for the
larvae to consume sufficienflmaterial to permit quantitative measure-
ment, Normal larvae remained active throughout the test period. In
" cases where thé larvae dled, appeared moribund, molted during the test

or ﬁere in a near-molt condition at the conclusion of the ﬁest, the
tests were discarded. Ixperiments were conducted at room temperature
-which in most caées was in the range 23° C. to 26,5° ¢C.

Time-lapse photography provided information'on the freduency
and pattern of larval feeding during the test period. This confirmed
that the larvae remained more or less uniformly active throﬁghout the
test period and showed that the frequency of feeding was approximately
the same during the last half of the test as during the first half,

There was no indication of a progressive change in feeding response




FIGURE 2

EXPLODFD VIEW OF TEST CHAMBER USED IN SINGLE-DISC TESTS

1.
2,
3.

L.

5.

6.

Black cardboard light shield.

Clear plastic cover.

Feeding chamber. .

Test sheet with pith disc in centre.

Black cardboard light shield with
hole in centrs.

Clear plastié bottom plece.
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FIGURE 3

EXPLODED VIEW OF TEST CHAMBER USED IN CHOTICE TESTS

1.
2.
3,

L.

5.

Black cardboard light shield.

Clear plastic cover.

Feeding chamber.

Test sheet with two pith dises in
position (small solid circles)
Alternate positions indicated by
small dotted circles,

Clear plastic bottome-pliece.
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FIGURE i

» LIG}H.‘ TAELE WITH SLIDING TOP PARTTALIY OPENED
T0 SHOW TEST CHAMBERS IN POSITION
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during tﬁe test. The timé-lapse studies are described aﬁd the results
! summarized in Appehdix B. | vl

Tn order to facilitate meaéurement»of the'amount of feeding the
pith discsvwére stained with methylene biue‘on completion of the test.
An enlarged image of the stained disc was projected'on an outline form,
using a photogfaphic enlarger, and the area eaten was traced on the |
~form and measured with a planimeter, The measurements were expressed
in terms of the percentage of ﬁhe disc ares consumed; Figures 5 and 6
11lustrate stained discs from a single~disc test and choice test re-

spectively.

Preparation of Host Plant Extracts and Analysls for Suggr Content

Host plant follage and staminate flowers were collected between '
the hours of 8:00 a.m, and 10:00 a.m. C,5.T. and immediately deep-
frozen. The material was stored at -29° C, and later dried by the

'  freeze-drying process. It was further dried in a vacuum desiccator andv

e thén groﬁnd in a mechanical mortar until it would pass aUSO-mesh'sievq.
The resulbting powdered material was stored in the dark in tightly
. stoppered glass bottles, over calcium chloride.

| Material for use in feeding tests and sugar analyses was pre-
pafed by extracting an accurately welghed porbidn of the dried powder
in a micro-soxhlet apparatus, The extract was then suitably concen-
trated by means of a rotary vacuum evaporator,

In the analysis of the extracts for sugar concentration they

were first clarified by the method of Hassid (1936). Total sugar con-

tent of the clarified extract was determined by Dreywood's anthrone -




Test #

96/ -5-C
Date: .

3ubstances
Conc.

FIGURE 5

AN EXAMPLE OF THE RESPONSE OBTAINED IN A
SINGLE-DISC TEST

(the pith disc has been stained with
methylene blue)

P




FIGURE 6

AN EXAMPLE OF THE RESPONSE OBTAINED IN
AN ALTERNATE-CHOICE TEST

Disc #1. treated with 0,1 M, sucrose.
Disc #3. treated with 0,1 M. sucrose
plus 0,02 M, I-proline.
(the pith discs have been stained with
' methylene blue)

26
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method as described by Morris (1948). The results were expressed as
glucose equivalents, Photometric determinations‘were.made with a

Model B Beckman spectrophotometer;

Preparation of Solutions used in Feeding Tests

Solutions of all chemicals used in feeding tests were freshly
prepared within two to three hours of the commencement of the tests,
Except for those cases where the solubility properties of the test

chemical did not permit, the solvent used was a 50 per cent solution

(by volume) ef ethanol in distilled water. Diluted ethanol was prefer-
able to distilled water as a solvent because it accelerated infiltration
of the discs and subsequent dnying; Concentrations in most cases were
expressed as molarities as recommended by Pfaffman EE‘EZ (1954). Where
a number of concentrations were tested, ag in the sihgle disc tests, the
lower concentrations were prepared by seriai diiutioﬁ. As onl& a few
hundred milligrams of the test substance nungenin and its aglucone were
avallable, solutions of these chemicals were prepared by dissolving a

| weighed quantity in a small volume (L or 5 ml,) of solvent delivered
ifrom a volumetric pipette. COncentrations were expressed as percent-

ages of weight by volume, i.e. grams of tesf chemical in 100 ml, of

solvent, The concentrations of'shikimic acid, D-qﬁinic acid and com-
pounds related to the aglucone, 3, h-dihydroxyacetophenone, were

similarly expressed to facilitate comparison of results.

Sources of Chemicals used in Feeding Tests

Sugars and m-inositol - Nubritional Biochemicals Corporation,
Cleveland, Ohio.
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CHAPTER IV

LARVAL FEEDING RESPONSES TO PLANT EXTRACTS AND PURE
CHEMICALS IN SINGLE-DISC TESTS

I, SINGLE-DISC TESTS WITH PLANT EXTRACTS

The feeding reactions of spruce and jack-pine budworm larvae to
crude extracts of host plant tissues were investigated in some prelimin.
ary experiments, FRxtracts were prepared from freshly-collected or deép-
frozen vegetative shoots of white and black spruce, balsam fir and jack |
pine and from staminate flowers of white spruce and Jack pine using a
variety of solvents, The plant tissues were macerated in a Waring -
blendor with the éolvent at the temperature of its bdiling point.  Tén
ml., of solvent were used for each gram of tissue., Following filtration,
the extracts were concentrated to about one-eighth their original
volume by means of a rotary vacuum evaporator,

Extracts prepared with the following solvents elicited feeding
responses: distilled waters 95 per cent and 50 per cent methanol; 80
peﬁ cent ethanol; and 90 per cent isopropanol. Wo appreciable‘feeding
occurred on discs treated with extracts prepared with petroleum ether,
chioroform or ethyl acetate., Similar results wére obtainad when frozen-
dried plant tissues were extracted with these solvents in micro-soxhlet
extractors. _

The results ihdicated that 80 per cent ethanol was one of the
most effective solvents for extraction of active constituents from the

host plant tissues. Amongst the variety of substances extractable by
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this solvent are sugars and amino acids, two groups of compourds known
to induce feeding responses in some insects.
Several sugars and amino acids as well as certain other com-

pounds known to be present in appreciable quantities in ethanol ex-

tracts of coniferous foliage were subsequently utilized in gingle-disec

feeding tests,
II. SINGLE-DISC TESTS WITH SUGARS

The principal sugars present in the needles of conifers during

the spring and summer months are glucose, fructose and sucrose (Bidwell
'.gﬁ al, 19523 Neish, 19583 Parker, 1959)., These sugars have also been re-
ported to be presqnb in the pollen of various species of pine (Todd and
Bretherick, 19L2 Nilsaan; 19565 Havivi ahd_Leibowitz, 1960), In the
present study their occwurrence in extracts of newly-developing vegeta-
tive sﬁoots and staminate flowers of white sprube and jack pine was ‘
confirmed by paper chromatography using the developing solvent system,‘
n-butanol: acetic acid: water (lLsl:5 volumes). Assarsson and Theander
(1958) reported that sﬁall amounts of arabinose, xylose, galactose and

meliblose were present in Scots pine (Pinus sylvestris I.) needles

. collected in October, WNeish (op. cit,) and Parker (op. cit.) found
appreciable quantities of raffinose in spruce and pine needles in the

fall and winter but none in the late spring and summer.

The above-mentioned sugars, as well as some others of interest
due ﬁo their reported influence on the feeding activities of other

insects, were used in a series of single-disc tests., Test replicates
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usually consisted of four concentrations of the test sugar ranging from .

0,00l M. to 0,5 M. together with 0,1 M, and/or 0.5 M. sucrose and a
disc treated with the solvent, 50 per cent ethanol, alone, Prelimin-
ary tests had established that larvae fed readily on discs treated with
0.1 M, or 0.5 M, sucrose. ’Therefore such discs served as effective
positive controls and provided a standard basis for comparison of feed-
ing responses. Discs treated with the solvent alone served as negative
controls, A total of fifteen sugars were used in tests with spruce bnd-
worm larvae and six of these were also tested with jack-pine budworm
larvae,

The resulte of tests with spruce budworm larvae are sumarized
in Table I and those with jack-pine budworm larvae in Table IT. The-
numbers of positive and negetive feeding responses for each compound
and concentration tested are given. The average amount of feeding at
each ooncentration‘of the test compourds and controls was‘evalueted
eemi-quantitatively. The maximum average response in each test series
wag rated as + + + + + and 1esser responses were rated proportionately.
A negative sign indicates no feeding response and (+) indicates that the

amount of feeding was less than one-fifth the maximum.

D-Arabinose** and L-Arabinose™l
Over 50 per cent of the larvae of both species exhibited re-

sponses to D-arabinose at concentrations of 0,1 M,, 0.02 M, and 0,004 M.

1 st Denotes compounds that were tested with both the spruce budworm
and jack-pine budworm.
Denotes compounds tested with the spruce budworm only
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STNGLE-DISC TESTS WITH SUGARS - SPRUCE BUDWORM

Test sugar Molar Test sugar " Controls
. concentration
Feeding - ‘
response 0.5 0.1 0,02 0.00h 0.5 M, 0.1M, Negative
. sucrose sucrose control
D-Arabinose Number positive 0 k 5 3 5 1
Number negative _ s 2 2 2 0 2
Relative mean response: - + ++ (+) +HHH4 (+)
L-Arabinose | Number positive b ‘5 3 1 9 2
Number negative ' -8 6 6 9 0 8
Relative mean responses: (#) + () () b+ (+)
D-Yylose Number positive 1 3 3 1 6 2
Number negative h 2 1 2 0
Relative mean response: (+) +  (+) {+) SR (+).
L-~Rhamnose Nurber positive - o o ° ) 3 h 0
Number negative : 3 3 3 3 0 o k
Relative mean response: - - - © - - A -
I-Fucose Number positive - 5 3 L 2 h 1
Number negative 0 0 0 1 0
Relative mean response: PR bR e (+)

(29




~ TABIE T (Cont'd)

Controls

Test sugar Molar Test sugar
concentration .
Feeding : _ )
response 0.5 0.1 0.02 0.004 0,5M, 0,1 M, Negative
. sucrose sucrose control
D~Glucoss Number positive 3 2 3 1 5 1l
Number negative 2 3. 2 h 0 L
Relative mean response: =+ o+ + (+) 4+ (+)
D-Mannose Number positive 1 2 1 1 L 0
Number negative 3 L 2 6 0 3
Relative mean response: (+) () (+) () P -
D-Galactose | Number positive L 6 1 2 7 0
¥umber negative 5 5 h 2 4] 10
Relative mean response: (+) + (+) (+) it -
D-Fructose | Number positive 3 3 1 o 2 0
Number negative , o 0 2 3 o 3
Relative mean responses b (+) - FUTTTS -
Maltose Number positive 10 7 7 6 3 10 3
Number negative 1 3 L b 0 o] 5
Relative mean response: CHE 4+ ++ ++ ++4 b (+)
Melibiose Number positive 1 2 1 2 L 1
Number negative 3 2 3 N 0 6
Relative mean responses: (+) =+ (+) + W (+)




TABIE I (Cont'd)
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Test sugar Molar Test sugar Controls
concentration
Feeding : ..
response 0.5 0,1 0,02 0,00k 0.5M, 0.1M. YNegative
sucrose sucrose conbtrol
Sucrose Number positive 7 8 9 6 1l
Number negative 0 o. 1 0 8
Relative mean responses R S U S Sy (+)
Trehalose Number positive 2 3 6 L 7 3
Kumber negative 3 3 1 1 0 0
Relative mean response: (+) + -+ + PP (+)
Raffinose Yumber posiﬁive 8 5 L 5 7 2
' Number negative h 6 4 0 0 11
Relative mean responses 4 ~+ + FHE S+ (+)
Melezitose Number positive 2 3 2 0 6 3 0
: Number negative 5 h 1 3 0 0 T
(+) + + = - PR -

Relative mean responses

o
W




TABLE TI
SINGLE~DISC TESTS WITH SUGARS - JACK-PINE BUDWORM

Test sugar Molar : ' Test sugar . oo Controls
concentration : :
Feeding .
resoonse » : 0.5 0,1 0,02 0,004 0.5M, 0,1M, VNegative
sucrose sucrose control
D--Arabinose Number positive 2 2 3 o] L 3 0
~ Number negative , 2 1 0 3 0 0 L
Relative mean responses . +) (+) + . - ++ 4+ -
L-Fucose Number positive 6 6 6 5 6 1
Number negative 0O .0 0 0 0 6
Relative mean response: N WR TR (+) R (+)
D-Glucose Number positive 2 2 2 1 2 0
Number negative 6. 0 o 1 0o 2
Relative mean responses b e e () SRR -
D-Mannose Number positive h 0 3 1l 2 3 0]
Number negative - 1 5 2 L o 0] L
Relative mean responses | + - (+) (+) FENES W -
D-Fructoss Number positive 2 2 1 2 0
Number negative 0 0 1 0 2
Relative mean response: o FEEEE (+) SN WY -
Sucrose Number positive 5 .5 I S 2 w
Number negative 0 0" 0 0 . 3 o
Relative-mean responses . F R R R ‘ (+)
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Jack-pine budworm larvae exhibited some response at a concentfation
of 0,5 M, but there was no feeding by spruce budﬁorm larvae at this
concentration, This sugar was cohsiderably less stimulating than 0,1

M. sucrose. There was only a very slight response to L-arabinose and

at no concentration did over 50 per cent of the larvae feed on the
discs,
| A similar difference in the relative effectiveness of D- and
L~arabinose was noted by Dethier (1955) for the blowfly, Phormia

regina, The acceptance threshold for the tarsal chemoreceptors was’
0.14k M, for D-arabinose compared to 0,536 M, for L-arabinose. Tto
(1960), in studies with silkworm larvae, obtained a significant feeding
response to L-arabinose at a concentration of ca, 0,05 M, He did not
test D-arabinose.‘ Ohnesorge (1953) found that arabinose (isomer ?)
induced feeding by adults of the root weevil, Hylobius abietis L.

Arabinose is non-stimulating to the honey bee (von Frisch, 193%),

D-Xylose®

Feeding responses occurred in over 50 ver cent of the tests at

concentrations of 0,1 M, and 0.02 M, The amount of feeding was con-

siderably less than on discs treated with 0.1 M. sucrose.
Among insects that show a feeding response to xylose are the
blowfly, P. regina (op. cit.) and the black-mound termite, Amitermes

atlanticus Fuller (Skaife, 1955), No stimulating effect was found for

the silkworm larva (op. cit.), mymphs of the desert locust, Schistow

cerca gregaria (Forsk.) (Dadd, 1960) or the honey bee (op. cite)e

Ohnesorge (gg. gig.) found that xylose acted as an olfactory attractant




38

for adults of g. abletis,

I-Rhamnose*

No feeding occurred on dises treated with L-rhamnose,

Skaife (op. cit.) obbained a feeding response to this sugar
with the black-mound termite and it was weakly stifnulating for s1lk-

worm larvae,. No behavioural response was noted with the blowfly, P,

, regina or the honey bee.

L-Fucose™* _
| This was the only pentose tested én which the iarvae fed to

almost as great an extent as they did on 0.1 M, sucrose, This is in
agreement with results obtained with P. regina sdults, Fucose also

stimulates feeding by the honey bee but it is not accepted by nymphs
. of the clear-winged grasshopner, Camnula pellucida (Scudder)

(Thorsteinson, 1960)..

Hie
D-Glucose

Pronounced feeding responses wers obtained with D-glucose

especially at a concentration of 0,5 M, This sugar wasg considerably.

less stimulating to the spruce budworm than was sucrose. Ito (op. cit.)

found the same relationship with silkworm larvae., Glucose has been

demonstrated to be an effective feeding stimulant for many insects but

is generally less effective than sucrose or fructoss.

D-Mannose**

No appreciable feeding occurred on discs treated with
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D-mannose at the four concentrations tested.

Mannosé was reported to be slightly stimulating to adults of
the root weevil H, abietis, nymphs of the desert locust, and the blow-
fly P. regina, Tt is non-stimulating to the silkworm larva and the
honey bee and in fact 1s toxic to the latter (Sols et al, 1960).

D-Galactose’

D-Gaiactose induced a slight feeding response at all concen-
trations tested, Only at a concentration .of 0, 1 M, .did over 50 per
cent of the larvae exhibit a feeding response.

Galactose is acceptable to P. gggigg'&ggﬁfggﬁfﬁ.and;sﬁimulates
feeding to a slight extent in silkworm larvae &gp.fgig,b and nymphs of
the clear-winged grasshopper (Thorsteinson and Jay, unpublished data),
It is unacceptable to the honey bee (op._cib.).

D-Fructose™*

Pronounced feeding responses were obtained with this sugar at
the two highest concentrations tested., The average amount of feeding
on discs treated with 0,1 M. fructose was only slightly less than that
on disecs treated with 0,5 M, suerose. This sugar is acceptaﬁie to most
ingects thét respond to sucrose but an exceptibn in the case of the

Golorado potato beetle, Leptinotarsa decemlineata (Say) was noted by

Proctor (1961),

Maltose™
Maltose evoked feeding responses at all conéentrations tested.

It was most effective at 0.5 M, at which concentration the response
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approximated that to 0.5 M. sucrose but was not as great as the .

response to 0,1 M, sucrose.

Melibiose™

| Variable responses were obtained with this sugar., It was only
weakly if at all stimulating, This compound is non-gtimulating to silk-
worm larvas (op. cit.), the blowfly, P, regina (op. cit.) and the honey
bee (op. cit.).

- Sueroge™¥

Suerose induced marked feeding responses at all concentrations
tested, The two highest concentrations were the most effective., As

has been noted earlier, this sugar is acceptable to most animals,

Trehalose®

| Trehalose induced an appfeciaﬁle amount of feedingbat,concén-
trations of 0,02 M, and 0,004 M, but was less acceptable at the two
higher concentrations, This'cbmpound evoked positive feediﬁg responses
in P. regina (op. cit,) and the hon'ey‘ bee (gp_.' cit,) but does not | |
stimulate feeding of siikworm larvae (gB. 9133) at a concentration of

about 0,05 M,

Raffinose™

The larvae exhibited a marked feeding response at the highest
concentration tested (0,1 M.) and a lesser response at fhe lower cone
centrations. Several insects including silkworm larvae, nymphs of the

clear-winged grasshopper and P. regina adults will accept this sugar
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but it does not evoke a feeding response in the honey bee,

Melezitose™®

Only a very slight feeding response was obtained with this

trisaccharide as was noted with silkworm larvae, It is acceptable to
P, regina and the honey bee.
The most effective of the sugars tested were fucose, fructose,
‘maltose, sucrose and raffinose, Of these only sucrose and fructose

cccur in appreciable quantities, in the free state, in the plant

tissues on which the larvae normally feed., Maltose and raffinose have
- proven effective feeding stimulants for a number of insects which have
been tested, The effectivenees of fucose does not appear to have been
'extensively investigated. It is very stimulating to the blowfly,
Phormia g_gina. the tarsal threshold in behavioural tests being 0. 687

M. (_2. cit.). Hewever, 1t cannot be utilized by this inseet end
 probably is poorly utilized if at all by most insecta. Glucose is“
only slightly stimulating to budworm larvae although it oceurs in |

appreciable quantities in the free state in some parts of the host |
| 'plant on which the larvae feed |

IIT. VSINGLEADISC TESTS WITH AMINO ACIDS AND AMIDES

Amino acids -and amides occur in the free state in appreciable

quantities in growing plant tissues. Some have been reported to be
present in especially high concentration in anemophilous pollens.
. Virtanen and Kari (1955) reported that free proline is presemt in much

greater amounts in such pollens than in the green perts of these plants,
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They also found‘that the amides asparagina and glubtamine were oftén
present in appreciable quantities. Hatano (1955), who investigated the
amino acids of the staminate flowers of Japanese black pine (EEEEE

Thunbergii Parl,) and Japanese red pine (g. densiflora Sisb. & Suce.),

reported that proline, arginine and glutamic acid were those present in
highest concentration in the free state, Havivi and Leibowitz (1960)
found that proline, arginine and histidine were the most abundant free

amino acids in the pollen of Pinus cansriensis., Free amino acids and

sugars constituted'SQB per cent and 11,2 per cent, respectively, of the

fresh weight of pollen of P, canariensis.

The effects of amino adi&s and amides on behavioural responses
have been investigated with various insects, Beck and Hanec (1958)
tested the effects of several amino acids on aggregation responsea of |
first-instar Europsan corn borer larvae, They found that L-alanine, |
D, L~«pamino-n-butyric acid, I~serine and L-threonine evoked positive
responses while L-tryptophane, L-arginine and @malanine hadvdeterrgnt
effects. The other amino acids tested had'no signifiéant infiuénéé.‘
:Tauber (1959) used 2L I-amino acids in feeding tests with first-instar

nymphs of the clear-winged grasshopper. Slight positive feeding respon-_

86s were noted for L-alanine, § -amino butyric acid, L-cystine, ‘glycine,
hydroxyhn-proline and Leserine. A mixture of I_alanlne,B'-amino

'butyric acid and L-serine evoked very active feeding responses, - These

three amino acids occurred in combination in a host plant extract

fraction which was very stimulating to the nymphs,

In tests with larvae of the wireworms, Agriotes lineatus,
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A, obscurus,ﬁﬂ. sputor (Thorpe et al, 1946) and Ctenicera aeripennis

destructor (Davis, 1961) none of the amino acids tested evoked feeding
responses. Skaife (1955) obtained no positive behavioural responses

to amino acids with the black;mound termite but inhibiting effects were
noted at high concentrations. Dethier (1955)>fa11ed to obtain any
positive feeding responses to 53 amino acids tested with the blonly,
P. rogima.

The importance of certain amino acids and amides’oh the orien-
tation of insects has been demonstrated by the'étudies of Thorpe et al
(op. giﬁ.) on wireworm larvae and of Brown and Carmichael (1961) 6n
adults of Aedes gggypfi (L)e

The selection of amino acids used in tests.with spruce budworm
larvae was based on the pubiished results of analyses of coniferoué
pollens and the feeding responses of other insects as discussed above.
The results of the tests are summarized in Table IIi.

Of the eight compounds:tested only L-proline consistently evoked

feeding responses, The amount of feeding was much less than that induced

by sucrose. The stimulating effect of h-proline was of particular

interest in view of its reporﬁed presence in relatively high congentra-
tibp in pine pollens, 1In the tests with European corn borer larvae and
clear-winged grasshopper nymphs referred to above this amino acid was |

found to bé inactive,
IV, SINCLE.DISC TESTS WITH OTHER COMPOUNDS

In addition to the above-mentioned sugars and amino scids a few
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other compounds were investigated in single-disc tests with the spruce

budworm. Pungenin, a glucoside which occurs in mature spruce needles
(Neish, 1957) was tested at concentrations of 0.2, 1.0 and 5.0 per
cent, No feeding responses were obtained, Shikimic acid,.énother |
compound which is known to be present in spruce follage in appreciable u
amounts, was tested at concentrations of 0.5 and 1.0 per cent and no
feeding responses were noted, Meso-Inositol was tested at a concen-
tration of 0.1 M, At this concentratioﬁ it evokes feeding responses
by several phytophagous insects including the silkwomm (Tto, 1960);

the tobacco hormworm, Protoparce gexta (Johannson) (Yamamoto and

- Fraenkel, 1960 (a)) and the Mexican bean beetle, Epilachngvyarivestis
Mulsant (Lippold, 1957). No feeding responses were obtained with

fifth-instar spruce budworm larvae.




TABLE IIT

~ SINGLE-DISC TESTS WITH AMINO ACIDS AND AMIDES - SPRUCE BUDWORM

Test Molar ' - Test cdmpound : Controls
compound concentration
Feeding B
response 0.5 0,1 0,02 0,00k 0,0008| 0,5M. 0.1 M. Fegative
- T sucrose sucrose control
Glycine Number positive : 101 1 3 0 2 6 2
Number negative : s 5 h .3 2 0 0 2
Relative mean respomses | (+) (+) (+) + - FEVS + (_+)
I-Alanine Number positive 6 1 1 1 6 2 0
' Number negative 6 9 9 L 1 o 9
Relative mean response: | « (+) (+) (#) | e b -
L-Serine Number positive 1 2 h 0 5 6 1
' Number negative - , 7 8 7 3 0 1 10
Relative mean responses (+) (+) = = R (+)
L-Arginine Number positive 0 o 1 0 3 0
- Number negative - b h 3 5 o] L
Relative mean response: - - (+) & b -
8 <amino- Number positive -~ | 1 2 1 3 1 3 5 2
butyric acid | Number negative -1 5 k 6 % 2 o -~ 0 5
: Relative mean respomse: |- (+) = (+) (+). ) (+) | s - (+)

&
05 |




TABLE III (Corcl,)

Test . Molar Test compound Controls
compound concentration
Feeding _
response 0.5 0.1 0,02 0,00k 0,0008| 0.5 M, 0.1 M, Wegative
- sucrose sucrose control
1-Proline Number positive L 3 0 1 2 1
Number negative 0 1 - 3 0 0 2
Relative mean response: + + - (+) +H+ (+)
L-Asparagine| Number positive 0 5 0
Number negative 5 0 5
Relative mean response: - b -
(0.05H4.)(0.01M. )
L-Glutamic Vumber positive 0 0 5 0
acid Number negative Y o 1
Relative mean response: - -

M
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CHAPTER V
LARVAL FEEDING RESPONSES IN CHOICE TESTS

I, CHOICE TESTS WITH PLANT EXTRACTS

Choice Tests with Host Plant Extracts Prepared with Different Solvents

In preliminary tests discussed in the previous chapter it was
'sstablished that aqueous and alcoholic host plant extracts induced

larval feeding while no response was obtained with extracts prepared

with certain fat solvents. Further information ‘concerning the role of‘
'fat-soluble constituents and the relative effectiveness ‘of aqueous and
'alcoholic extracts was obtained by means of choice tests,

The plant material frcm which the extracts were prepared was
partially expanded white spruce vegetative shoots approximetely one inch
in lsngth collected June h, 1959, These were processed as described in

’Chapter'III to yield a dry powder, o |

The effect of petrcleum ether soluble constituents. Two 500

mg, portions of desiccated white spruce buds Were extracted in micro-
soxhlet extractors on water baths. One was. extracted for 6 hours with

100 ml, petroleum ether and the residue was re-extracted with 100 nl,

of 80 per cent ethanol for 18 hours., The other was extracted with 80

per -cent ethanol only. The two ethanol extracts were concentrated to

10 ml, volume using a rotary vacuum evaporator and suspended maﬁerial
was removed by centrifugation,
The results of alternate-choice tests with these two extracts

are summarized in Table IV, There was no significant difference in the
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- amount of feeding on the two sets of discs, It can be concluded' that

the plastid pigments and other constituents soluble in petroleum ether
had neither a stimulating nor a deterrent effect,

Comparison of ethanol and aqueous extracts of white épruce buds.

A 500 mg, portion of the desiccated plantvmaterial wag extracted with
100 ml, of distilled water in a micro-soxhlet extractor for 2l hours,
The extract was concentrated to 10 ml, by evaporation oh ] h@t plate at
low heat and suspended material was removed by centrifugation, Response
to this extract and the 80 per cent ethanol extiact‘nsed in the previoﬁs ‘
exporiment (A of Table IV) was compared in a series of altermate choice
tests, | |

Both extracts were_analyzed for total sugars by the anthrone .
method. Tﬁe alcoholic extract contained L.3 grams gluoosé'equivalaﬁbs
per litre and the aqueous extract 1.8 grams glucose equivalents per
litre. |

The results .of the feeding tests are summarized in Table V.
There was a considerably greater response to the alcoholic extract than
to the aqueous extract and the dlfforence was significant atlthe_l per
cent 1ove1. Although there was little difference in the_total,Sugar
concéntratioﬁ of the extracts, it is probable that hydrolysis of the
sucrose ocourred to a greater extent in the course of oxtraction with
water, This qualitative difference in the sugars might have been
| responsible for the difference in response fo the two extracts. From
what is known of the rolative stimulating effectiveness of sucrose and

invert sugar from other studies this does not seem likely. Probably '




TABLE IV

ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM

80 PER CENT ETHANOL EXTRACT OF WHITE SFRUCE /BUDS ((A)

VS.

L9

80 PER CENT ETHANOL EXI‘RACT OF WHTTE SFRUCE BUD ‘RESIDUE FOLLOWING

PETROLEUM ETFER EXTRACTION (B)

F - . 3 - A
Replicate Per -cent disc area Difference  Transformed
eaten . difference
A B A - B Jmd .VBed
1 11 20 -9 1,137
2 30 16 | 1k 1,461
3 20 18 2 0.227
L 1l | 5 9 1463
5 18 13 5 0,627
3 16 18 -2 04239
7 20 L0 «20 ~1,836
8 .30 22 8 0,780
9 3L 10 2l 2,634
10 3 19 _ -16 =2,5L5
11 12 2l =12 =1L
Sx 208 205 3 0,021
5 18,909 18.636 0.273 0,002
$x? 25,163
t = 0,00L
t01=3,169 b05.2,228




50

TABLE V
ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM
80 PER CENT ETHANOL EXTRACT OF WHITE SPRUCE BUDS (A)

VSo '
AQUEOUS EXTRACT OF WHITE SPRUCE BUDS (B)

Replicate Per cent disc area Difference Transformed

eaten : difference.
A B A - B VAsk - /Bsh
1 g3 2 g1 - 5,733
2 13 0 13 : 2,967
3 7 0 7 2,032
ks 17 0 17 3,476
5 7 3 L 0,868 -
6 16 1 15 2,837
$ x 113 6 107 17,913
X /18,833 . 1,000 17.833 2,985
$2 66,68
bt - )-‘»0502**

b1l 032 Yo5a2,571
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differences in the two extracts other than in their sugar content were

involved,

Choice Tests with a Plant Extract and Sucrose

One gram of desiccated white sprucé buds was extracted in a
mioro~éoxh19t extractor with 106 ml, of 80 per cent ethanol for 8 hours.
This extract was concentrated to 10 ml, and on analysis was found to
contain 8.l grams glucose equivalents per litre or glightly less than
0,05 M, in terms of glucose equivalents, The feeding response to this
extract was compared with that to 0,1 M, sucrose in a series of
albernate-choice tests. The results are given in Table VI,

A greater response was obtained to the extract-treated discs
than to the sucrose-treated discs and the difference was significant
at the 5 pér cent level, In eﬁperiments to be described later, larvae
permitted a choice were founa to fsspond to the greatest exﬁent to the
highest conceﬁtration'qf sucrose present up to at least 0,5 M, The
preference for the plant extract, although its sugar concentration was
éonsiderably lower than that-of the sucrose solution, indicates that
sﬁbstances other than sugar are involved,

Further evidencé of the possible presence iﬁ the extracts of
active substancés other than sugars was indicated by the influénce on
thelefféctiveness of the extracts of treatment with #ctivated carbon,
A 1,5 gram portion.of activated carbon (Norit) was added to 10 ml, of
an 80 per cent ethanol extract of white spruce buds, These were shaken
together in a flask intermittently over a half-hour period and tﬁen the

carbon was removed by cenbrifugation., Another 10 ml, of the exﬁract




TABLE VI

ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM
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80 PER CENT ETHANOL EXTRACT OF WHITE SPRUCE BUDS (4)

vs.

0.1 M, SUCROSE (B)

Lo ]

Replicate Per cent disc area Difference Transformed
"eaten difference
A B A - B Vmdk - VB
1l 1 23 -9 -1,039
2 10 5 5 0.895
3 L 1 3 0.897
h 1 : 3 ‘_'2 -006).‘.6
5 8 0 8 12,208
6 30 5 25 3.178 |
7 16 3 13 2,191
8 5 1 N 1,120
9 23 12 11 1,312
$ x m 53 58 10,116
= 12,333 5,889 6.4 1,12}
%2 25,856
t = 2,503%
01=3,355 b05-2,306
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was similarly treated except that activated carbon was not added, Feed-

ing responses to the treated and untreated extracts were then determined
in a series of choice tests, The results are given in Table VIT.

Considerably less feeding occurred on discs treated with thé

extract processéd with activated carbon than on those discs treated
with the unprocessed extract, This suggested that some active con-
stituents of the extract were adserbed by the carbon. The activity

could not be recovered from the carbon by elution with water.

A 0,05 M, solution of sucrose in 80 per cent ethanol was
similarly treated with activated carbon and response to this was come
pared to that to an untreated sblubion (Table VIIT). There was no
significaht difference in fespbnse.tp'the two solutions. ‘It seems

likely, therefore, that loss of activity of the whibe spruce exbract
following treatmeht with‘carbon wag due to adsorption of some acti#e
congtituent(s) other than sugars. |

Choice Tests with Extracts of Buds and Year-old Nesdles of White Spruce

As has been hoted in the Introduction, spruce budworm larvae
feed primarily on the newly developing foliage and staminate flowers

and only to a limited extent on the previous yearé' grdwth. Physical

differences betwesn the succulent new growth and the 0ld needlss with
‘respect to moisture content and degree of lignification may make the

latter less acceptable to the larvae. The possibility that chemical

differences in these tissues were involved in their felative accept-
ability was investigated by comparing responses to extracts of each.

In these tests possible differences in response dus to the physical




TABLE VIT

ALTERNATE~CHOICE TESTS - SPRUCE BUDWORM

80 PER CENT ETHANOL EXTRACT OF WHITE SPRUCE BUDS (4)

80 PER CENT ETHANOL EXTRACT OF WHITE SPRUCE BUDS TREATED WITH
ACTIVATED CARBON (B)

Replicate Per cent disc ares Difference Transformed diff
eaten ‘ erence
A B A - B VM - B

1 22 0 22 11,036
2 h .0 b 1,41
3 1 0 7 2,032
b 7 b 3 0.617
5 26 1l 25 3.923
6 0 0 0 0,000
7 19 1 5 0.608

8 6 -0 6 1,842
9 0] Y 0 0.000
10 15 5 10 1.592
11 20 b 16 2,506
12 3 1 2 0,.6l46
Sx 129 29 200 19,117
X 10,750 2,417 8.333 1,593

$x2

50,697

t h.07hv"r}%

t01= 3 0106

to5=2,201




TABLE VIII
ALTERNATE-CHOICE TESTS -~ SPRUCE BUDWORM

0,05 M, SUCROSE SOLUTION IN 80 PER CENT ETHANOL TREATED
' WITH ACTIVATED CARBON (A) .
VS.
0,05 M, SUCROSE SOLUTION IN 80 PER CENT ETHANOL (B)
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Replicate Per cent disc area Difference Transformed

eaten difference

A B A - B VMmi -\Bd
1 1 8 -3 «0,571
2 21 13 8 0.963
3 6 5 1 0,20k
L 5 11 6 ~1,0L6
5 10 1 9 1,015
6 26 12 i 1,612
-7 12 8 L 0.620
$x 85 58 27 2.797
x 12,13 8.286 | 3.857 | 0.399
$x° | 6,102

t = 1,124

Pore3.r0r tose2,lu7
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nature of the needles were obviated,

Newly developing white spruce shoots ranging from 3/l inch to 1
inqh in length and year-old needles from the same tree were collected
May 27, 1960, These were processed to give desiccated powders as des-
cribed in Chapter ITI, A 1 gram portion of each of the\desiccated
powders was extraéted with 80 per cent ethanol in a soxhlet extractor
and each was concentrated to a final volume of 25 ml,

The total sugar«concentrations'of the two extracts were 2,8
gramg glucose equivalents per litre for the budsexbract.and;lwsggrams |
glucose equivalents per litre for the needle extract.

The results of choice tésts with these two eﬁtracts.are}given
in Table IX. The larvae féd almost exclusively on the bud extract to
the exclusion of the needle extract., As the former contained a higher
concentration of total sugars this may have accoﬁnted for the differ-
ence in response, To investigate this péssibility the bud extract was
diluted 1l:1 with 80 per cent sthanol and this diluted extract ﬁas '
tested against the original needle extract. The results are‘given in
Table X. -

The larvae showed a considerably greater response to the
diluted bud extract than to the needle extract, The difference was
significant/at the 1 per cent level,

It is apparent that the relative sugar concentration of the
extracts was not the pr;mary factor determing their acceptability by
the larvae, Other differences in the-éhemical constituents of the two

extracts apparently are involved, Such chemical differences must




TABLE IX
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- ALTTRNATE~CHOICE TRESTS - SPRUCE BUDWORM

80 PER CENT ETHANOL EXTRACT OF WHITE SPRUCE BUDS (1)

VS.

80 PER CENT ETHANOL EXTRACT OF YEAR-OID WHITE SPRUCE NEEDIES (B)

Replicate Per cent disc area Difference Transformed
eaten difference
A B A - B g - Bd
1 3 0 3 1,164
2 25 L 21 2,928
3 2 -0 2 0.87L
N 10 0 10 2,533
5 67 7 60 5.U77
6 i 1 3 0,896
7 23 0 23 Lol
§ X 13k 12 . 122 18.913
x 19,143 1714 17.1428 2,573
§ x2 65,056
t = 3,858%
t01=3,707 Yose2.Lli7




80 PER CENT ETHANOL EXTRACT OF WHITE
' VS. )
80 PER CENT ETHANOL EXTRACT OF YEAR-OID WHITE SPRUCE NEEDLES (B)

TABLE X

ALTERNATE~CHOICE TESTS -~ SPRUCE BUDWORM

SPRUCE BUDS (DILUTED) (A)

Replicate Per cent disc area Difference Transformed
eaten ‘ difference
A B A - B Y - \fBed
1 6 0 6 1,842
2 20 1l 19 3.303
3 1 0 1 0,518
N 7 3 l 0.868
5 12 7 5 0,796
6 k 0 L 1.1k
7 13 0 13 2,967
8 1 0 1 0,518
9 25 5 20 2,704
10 N 0 N 1.4
11 17 3 - 2.312
12 2 0 2 0.87h
13 1, 0 1 3,101 -
1l 1 6 8 1,259
15 8 8 0 0,000
16 8 1l 7 1,690
$x 186 3l 122 25,580
X 9.750 2,125 7.625 1599
$x2 56,507
t = 6,271
%01a2,907 Yo52,131
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account in part for the preference of the larvae for the new growth

over the old needles.

Choice Tests with Extracts of Buds and Staminate Flowers of White Spfuce
' The importance of staminate flowers as feeding sites for larvae
of the two species of budworm has been discussed in the Introduction.
The relative acceptability of extracts of staminate flowers and newly
developing vegetative shoots was investigated by means of choice tests
similar to those deseribed in the previous section,

Fully-developed white spruce staminate flowers and developing
white spruce vegetative huds 3/l inch to 1 inch in iengfh were collected
May 2li, 1960, They were 1mmediate1y deep frozen and subsequently pro-
cessed to yield a 'dry powder as descﬁibed in Chapter ITI.

One gram of each of the desiccated staminate flowers and white
spruce buds was extracted with 80 per cent ethanol and suitably cone
centrated, On analysis‘for total free sugars the staminaﬁe flower
extract was found td contain 5.4 grams glucose equivalents per litre
and the bud extract 3,6 grams glﬁcose equivalents per litre,

The results of éhoice tests with these two extracts are given
in Table XI. Much more feeding occurred on the staminate flower
exﬁract than on the bud extract, This difference in feeding response
was significant at the 1 per cent level,

As the staminate flower extract contained a higher concentra-
tion of total sugars than the bud extract it was again possible that
the differsnce iﬁ résponse was due to this factor. This was investiga~

ted by diluting the staminate flower extract with an eqwal volume of &
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- TABLE XI

ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM

Vs.

80 PER CENT ETHANOL EXTRACT OF WHTIE SPRUCE STAMINATE FLOWERS (A)

80 PER CENT ETHANOL EXTRACT OF WHITE SPRUCE BUDS (B)

Replicate Per cent disc area Difference Transformed
eaten difference
A B A - B ViE - \[Bed
-1 61 1 60 6,617
2 - 29 -0 .29 L.72k
b 26 1 25 3,923
5 5l 2 52° 5.801
é 25 L 21 2,928
T 12 0 12 2,828
8 25 0 25 Lo3l2
9 65 5 60 5,748
$x 347 g 333 ha.792
X 38,555 1.558 37,000 R
$x2 218,192
b= 6,861%*
013,355 b05=2,306
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per cent ethanci.and téstiné this égainst the original vegetative bud
éxtract. The results of this seriés of tests are given in Table XII.

Although the diluted stamimate flower extract now had a lower
total sugar concentration than the bud extract it was still preferred.
The difference was again significant at the 1 per cent level,

It is apparent that there is a chemosensory basie for the
preference of.feeding larvae for staminate flowers over vegetative
shoots, The higher concentration of sugar in the staminate flowers
would be expected to make‘ﬁhe(former.more/accgptable, However, this

~is evidently not the only chemical factor involved.

IX, CHOICE TESTS WITH PURE SUGAR SOLUTIONS

The Relative Effectiveness of the Principal Host Plant Sugars as
Feeding Stimuli ' |

In single-disc tests with the principal host piant sugars,
D-glucose,‘D-fructose and_sucrbse, they were all found td be cap;ble of
: e;oking feeding responses, Their relative effectiveness waS'furtherfin-
vestigated in a series of choice tests with spruce budworm larvae., Fach
sugar was‘tested againét the others at concentrations of 0,1 M, and 0,5
M. Glucose aﬁza‘dbncentration of 0,5 M, was also tested against 0,1 M,
D-fructoée. The results are given in Tables XITI to XIX.

The order of decvreasing effectivenesé of the sugars as deter-
.minéd by these test5~w§s: sucrose, D-fructose and D-glucose, Sucrose
and D-fructose each induced significantly more feeding than D-glucose

at both concentrations, The mean response to sucrose was greater than
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TABLE XII
ALTERNATE-CHOICE TESTS ~ SPRUCE BUDWORM

80 PER CENT ETHANOL EXTRACT OF WHITE SPRUCE STAMINATE FLOWERS (DILUTED)
(4) :
VS, ‘ o
80 PER CENT ETHANOL EXTRACT OF WHITE SPRUGH Hib§ (B)

Replicate | Per cent disc ared Differencd Tranisf otried
eaten diffé&¥etice
v s 4 -5 iE-VET
1 1 1 3 64427
2 16 27 =11 ~1,182
3 6 1 5 1.32k
L 9 6 3 0,533
5 36 0 36 5.33h
6 35 2 33 L.377
7 22 L 18 2,622
8 21 5 16 2,292 .
9 21 l 17 2,616
10 16 1 15 2,837
11 30 6 ek 2,97k
¢ x 226 - 67 159 ~ 2h,olk
x 20,545 6,091 1L L5k : 2,186
$x2 86,569
b= 3,932

b01=3,269  P05-2,228
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TABLE XIIT
ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM

0.5 M, SUCROSE (A) VS, 0,5 M, D-GLUCOSE (B)

Replicate Per cent disc area Difference Transformed
eaten difference
A B A - B (uEobd
1 9 1l 8 1,858
2 2 0 2 0,874
L 5 0 5 1,638
5 Uy .1 13 2,583
6 8 . 0 8 2,208
7 15 0 15 2,229
8 5 0] 5 1.638"
9 6 0 6 . 1,842
10 13 0 13 2,967
11 19 0 19 3,709 v
12 10 10 o] 0,000 i
13 9 o 9 2,375
$x 122 12 110 26,95
X 9.385 0,923 8.L,62 2,073
$x2 ' 67.285

t = 7,677

%01=3,055  Yog=2,179
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TABLE XIV

ALTERNATE.CHOICE TESTS - SPRUCE BUDWORM

0.1 M. SUCROSE (4) VS, 0,1 M, D-GLUCOSE (B)

Replicate Per cent disc area Difference Transformed
eaten "difference
A B A - B Vard - VBvd
1 12 0 12 - 2,828
2 46 1 L5 5.794
3 L9 6 L3 ' L.LB6
b 8 0 8 ‘ 2,208
5 28 0 28 - Li,631
6 8 0 8 2,208
7 18 5 13 1,956
8 L2 L 38 L.386
9 13 5 8 1,329
$x 22), 21 203 29,828
% 21,889 2,333 22,555 3,310
$2 117,734
o= 6,735

bo1-3.355  P05-2,306
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TABLE XV

ALTERNATE-CHOICE TESTS —.SPRUCE BUDWORM

0.5 M. SUCROSE (A) VS, 0,5 M, D~FRUCTOSE (B)

Replicate  Per cent disc srea Difference ~ Transformed
eaten difference
A B A - B Vad - (Bl

1 0 0 0 0,000
2 20 20 0 0,000
3 28 18 10 1,038
L 15 3 12 2,066
5 8 8 0 0,000
6 17 6 11 1,634
7 10 L 6 0,691

8 1l 2 -l ‘ . 0,356

9 8 10 -2 0,32l
10 15 0 15 _ -34230
$x 122 71 51 | 7.979
x 12,200 7.100 5.100 0,798
$22 19.158

t = 2,117

$01x3,169 t05=2,228
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ALTERNATE-CHOICE TESTS =~ SPRUCE BUDWORM

TABLE XVI
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O.1 M. SUCROSE (A) VS. 0.1 M, D-FRUCTOSE (B)

- . N R A AR AE:
Replicate Per cent disc area Difference Transformed
eaten difference
A B A - B Yt - VB
1 32 55 =23 ~1.748
2 21 3 18 2,766
3 15 10 5 04697
-l 21 () 15 2,088
5 3 19 =16 ~2,545
6 82 0 82 8,376
7 1 8 é 0,971
8 63 3 60 6,098
9 7 6 1l 0,190
10 9 2 7 1,501
$x 267 112 155 18.39M
x 26,700 11,200 15,500 1.839
$ %2 132,60L
t = 1,756
- t01=3,250 to5=2,262
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TABLE XVII
ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM

0.5 M, D-FRUCTOSE (A) VS. 0.5 M, D-GLUCOSE (B)

Replicate

Per cent disc area ~ Difference Transformed
eaten , difference

B (mE-Vmd

L.
o
[
i

!:"'5'\0 O~ O\WLEW O =

1,022
0,000
0.87h
0,000
2,208
14k
1,71k
5,167
liahilid
2,657
1,690

N\
ONFEON DO NMO=

w - )
N oD on

N
T HWOOHOOFOO®

N
S
Y

128 17 Lo 21,187

11.636 1505 10,091 1,926

67.957

t = 3,883

$01=3,169 to5=2,228
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ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM

0,1 M. D-FRUGTOSE (A) VS. 0,1 M. D-GLUCOSE (B)

Replicate . Pér cent disc ares Difference Tranéformed
: eaten difference
A B A = B VArk » \B
1 6 1 5 1,32l
2 2 0 2 0,874
3 7 2 [ 1,158
L 11 12 -1 ~0,1115
5 u 0 L 111}
6 L9 3 46 5.165
7 9 0 9 2,375
8 16 5 11l B Y S
9 5 0 5 1,638
10 7 L 3 0.618 -
1n 20 2 18 2,917
$ x 136 29 107 19,085
é‘ x2 : 52 089,4
t = ly,202%%

%01=3,169

Yoga2,228
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ALTERNATE~CHOICE TESTS - SPRUCE BUDWORM

0.1 M, D-FRUCTOSE (4) VS. 0.5 M, D=GLUCOSE (B)

Replicate | Per cent disc area Difference Transformed
' eaten difference
A B - Vg - ,[BT%'

1 5 15 =10 ~1,592

2 15 12 3 0,402

3 7 1l 6 1.7

L 1 9 -8 «2,057

5 33 0 33 5,081

6 4 0 L Ly

7 6 12 b -0,986

8 10 2 8 1,659

9 1 1l 0 0.000

10 1 12 =11 «2,510
11 2 0 2 0.87L
12 L 5 -1 ~0,22
$x 89 . 69 20 3,778
x 7.417 5.750 1,667 0.315
$x? 48,519

. t = 00527
013,101 toga2,201
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that to D-fructose at both malarities, The differences however were not
significant at the 5 per cent level in either case. The difference in _
response to 0,5 M. D-glucose and 0,1 M. D-fructose was not significant\
at the 5 per cent level, indicating the considerable disparity in the
relative effectiveness of these two sugars,

In investigations of feeding responses of larvae of various
phytophagous Lepidoptera, the European corn borer (Beck, 1956a), the

tobacco hornworm (Yamamoto and Fraenkel, 1960a) and Apamea velata Wik,

(Dethier, 1939), the same order of effectiveness of these sugars was
noted. Tto (1960) found that D-glucose had little or no influence on
the feeding behavior of silkworm larvae. .Amongst insects in general
there is considerable variation in yha'relative'sweetnesslof the various
sugars, The tarsi of thg blowfly P. regina are more sensitive to fruct-
“ose than to sucrose (Dethier, 19%5). For the honey bes glucose'is‘as»
stimulating as fructose (von Frisch, 1935),

As glucose, fructose and sucrose occur in combination in the
host plant tissueé on which the larvae feed, it waé of interest to
compare the feeding response to a mixture of these three sugars with
that to sucrose, the most stimulating individual sugaf, An equimolar-
mixture containing each of the sugars at a concentration of 0,03 M. waé
prepared and discs treated with this solution were paired with disecs
treated with a solution of 0,09 M. sucrose in a series of choice tests,
The results are given in Table XX.

The averége amount of feeding on the dises treated with the

sugar mixture was approximately three times that on the sucrose-treated
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71

ALTERNATE-CHOICE TESTS - SPRUCE RUDWORM

0.03 M. D~GLUCOSE + 0,03 M. D-FRUCTOSE + 0,03 M, SUCROSE (A)

VS.

0.09 M. SUCROSE (B)

e — e — ]
Replicate - Per cent disc area Difference Transformed
eaten difference
A B A - B Vasd - B
1 9 1 8 1,857
2 2) 8 16 2,033
3 3 5 2 =017k
L 3 2 1 04290
5 9 0 9 2,375
6 1 0 1 0,518
7 8 5 3 0.571
8 16 L 12 1,941
9 36 8 28 3,126
10 22 3 19 2,872
11 U 10 L 0.568
12 L 6 -2 0,128
13 10 8 2 0.324
1 33 N 29 3,667
15 11 3 8 1,520
$x 203 61 136 - 20,760
x 13,533 167 9,067 1,38k
2 52,281
t o= L, 130
bo1=2,977 - Yo5=2, 115
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dises, This difference was significant at the 1 per cent level,

It is obvious that the effectivensss of the three sugars in
mixture was not what would be expected if the effects of the individual
cémponents were merely additive, A similar synergic effect of a mixture
of these three sugars on the fesding response of the honey bee was noted
by Wykes (1952). Dethier et al (1956) studied the effects of various
sugars, mixed together in pairs, on the tarsal threshold of the Blowfly,
P. regina, They found that synergism occurred with some sugar combina;
tions and inhibition in others., 4n equimolar mixture of glucose and
fructose was found to have a lower tarsal threshold than either of the
bwo individual components, Ohnesorge (1953), in his investigation of
the feeding behavior of the weevil, Hylobius abietis, compared ﬁhev )

response to a mixture of glucose and fructose with that to an equivalent
concentration of sucrose, The response to the mixture was as great as
that to the sucrose. solution, indicating that the stimulating effect of
the mixture was not simply due to the additive influences of the indiw
vidual components, Ito (1960) tested feeding responses of silkworm
larvae to mixtures of sﬁcrose ard glucose in varying concentrations, He
found that the responses to the mixtures were very similar to thoée to
sucrose alone., The weakly-stimulating glucose was no more effective in.
mixture with sucrose than it was alone.

Apparently it is impossible to predict with precision the
regponse to a sugar mixture simply on the basis of the effectiveness.of
the individval components. There is a considerable variation in the

relative amounts of glucose, fructose and sucrose in the various tissues
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of a plant at a given time, In June the leaves of various species of
spruce and pine analyzed by Parker (1959) contained relatively uniform
amounts of each sugar or a slightly higher proportion of sucrose than
of each of glucose and fructose, By contrast Todd and Bretherick
(1942) found that lodgepole pine pollen contained over 10 per cent dry
welght of sucrose and no glucose or fructose, Pollen of other speciles
of pine analyzed by these authors and by Havivi and Leibowitz (1960)
and Nilsson (1956) contained much higher concentrations of sucrose than
glucose or fructose, These differences in the relative proportions of
sugars in the various plant tigsues probably influence the acceptability
of these tissues by feedipg larvae provided that the effect is not
masked by the presence of a more pdtent feeding stimlant as yet un=
identified.

The Effect of Sucrose Concentration on Feeding Response

In single-~disc tests both spruce and jack-pine budworm larvae
exhibited feeding responses at all concentrations of sucrose testéd
within the range 0,004 M. to 0,5 M, Comparisons of feeding fesponse in
relation to sucrose concentration were determined in two series of |
choice tests, The responses oflspruce budworm larvae in alternate-
choice tés@s to 0,5 M, sucrose and 0,1 M, sucrose. were compared, The
results are presented in Table XXT. The average amount of feeding on
discs treated with 0,5 M, sucrose was twice that on those treated with
0,1 M, This difference was significant at the 5 per cent level,

In a series of multiple-choice tests the responses of jack-pine

budworm larvae to sucrose at concentrations of 0.5 M., 0.1 M., 0,02 M,
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TABLE XXI

ALTFRNATE-CHOICE TESTS - SPRUCE BUDWORM
0.5 M. SUCROSE (A) VS. 0.1 M. SUCROSE (B)

—
m—————

]

et oo - ————
e—— —— ——

Replicate Per cent disc area Difference Transformed
eaten , difference
) A B A - B Vasd - Bk
1 13 9 L 0,592
2 7 0 7 0,032
3 8 1 7 1,691
b 2 N -2 «0,540
5 2 0 2 0.874
6 3 2 1 0.290
7 5 0 S 1,638
8 2 2 0 0,000
9 ' 0 2 -2 =0.87h
10 6 1 5 1,324
11 7 2 5 1,158
12 4 6 -2 -0,128
13 6 L 2. 0.h428
1, 6 0 6 1.8L2
15 h 1 3 0,896
16 5 5 ) 0,000
17 2 2 0 0,000
$x 82 . I b1 8.923 ﬁ
2::2 15,L5L
t = 2.665*

t01=2,921 Y05=2,120
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and 0,004 M, were compared. Numerical data are given in Table XXITI., The

maximum mean response occurred at the highest concentration and a pro-
gressive decrease in response was exhibited at successively lower con-
centrations, | | |
The relationship between sucrose concentration and percentage of
larvae exhibiting feeding responses at these concentrations is showm
graphically in Figures 7 and 8, Below the level of maximum response
there was a linear relationship between the logarithm of sucrose cone
centration and the percentage of the larvae responding at these con-

centrations.

IIT. FEEDING RESPONSES TO SUCROSE IN MIXTURE WITH CERTATN HOST
'PLANT CHEMICALS AND RELATED COMPOUNDS

While it is evident that sugars play an important role'inAthe
sensory control of feeding responses éf budworm larvae, the.exhibited
preferences are not datermined.sélely by sugar concentration, In the
following experiments the responses to various dhemicals in combination
with sﬁcrose were compared with that to sucrose alone in alternate-
choice tests, It was possible in this way to determine whether these
compounds functioned as feeding stimulants or deterrents or were in-
active. The compounds investigated were known to be present in host
plant‘tissues or were chemically related to known plant constitvents.

Feeding Responses to Sucrose-Amino Acid Mixtures

Four amino acids were tested individuvally in mixtures’with

sucrose: L-proline, I-glutamic acid, Learginine and hydroxy-I-proline.




FIGURE 7

THE RELATTONSHIP BETWEEN THE PER CENT JACK-PINE BUDWORM
LARVAE EXHIBITING A FEEDING RESPONSE AND THE
MOLAR CONCENTRATION OF SUCROSE IN A SERIES (F MULTIPLE-CHOICE TESTS
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FIGURE 8

THE RELATIONSHIP BETWEEN THE PER CENT JACK-PINE BUDWORM
LARVAE EXHIBITING A FEEDING RESPONSE AND THE MOLAR CONCENTRATION
OF SUCROSE (PLOTTED ON A IOG SCALE) IN A SERIES OF MULTIPLE CHOICE TESTS
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" The first three have been reported to be present in appreciable quanti-
ties in pine pollen., In the single-disc tests, L~prbline was the only
amino acid tested which evoked consistent feeding responses. This com-
pound was tested with both spruce and jack~pine budworm larvae and the
remaining compounds with the spruce budworm only. The ratio of molar
concentrations of amino acid to sucrése in the mixtures was 1 to 5,
Available daté from the literature (viz. Havivi and Leibowitz, 1960)
indicate this proportion may closely approkimate that occurring in
pine pollen. The resﬁlts of these tests are given in Tables XXIII to
XXVIII, |

There was a markedly gré#ter response to the sucrose-proline )
mixtures than to sucrose élone at both concentrations tested and similar
effects were noted with'both budworm speéies. The differences in reé

'éponse were significént at the 1 per cent level, As sucrose and I.-
‘proline are two of the principal éompounds pﬁesént in the pollen of
conifers the stimul#bing effectivéness of this mixture would appear to
be of‘cohsiderable significance in rélation to the feeding behavior of
budwprm_larvae. | |

| The mixtures containing hydroxy-L-proline and nglutamic‘acid

'also evoked greater responses than sucrose aléne and the differences
were gignificant at the 1 per cent and 5 per cent levels fespectively.
The sucrose - Learginine mixture was less acceptable than sucrose alone,
indicating a possible'detérrent effect of this amino acid at the con-
centration tested. Statisbically the difference was not significant at

the 5 per cent level,
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TABLE XXTIT
ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM

0.05 M. SUCROSE + 0,01 M, L-PROLINE (A) VS. 0,05 M., SUCROSE (B)

Replicate Per cent disc area Difference Transformed.
‘ saten ' difference
A B A - B % - Bk
L 31 2 29 . 4,032 ;
5 7 1n -4 -0.652 ;
6 35 3 32 L,087 ]
7 16 3 13 2,191 |
8 38 5 33 3,860
9 3 0 3 1,16k :
10 15 10 5 0,697
11 9 1 8 1.857
12 12 1 11 724310
13 15 2 13 2,356
1 31 -0 31 1,906
$x 2lly ' sk 190 30,361
X 1729 3.857  13.571 2,169
$ x2 99,852
t = 5,020°%

$013,012 Yom=2.160




TABLE XXIV

ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM
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0.1 M, SUCROSE + 0,02 M, L-PROLINE (o) Vs, 0,1 M, SUCROSE (B)

SE———— st s ——— ~a—————— ——
s e——

mrimiomamime]
————

— — e

e

Difference

Replicate Per cent disc area Transformed
' eaten difference
A B A -~ B . VB+d
1 L3 10 33 3,355
2 12 0 12 2,828
N 29 1 28 li 106
5 2l 0 2y L.2l2
6 18 0 18 3.59h
7 37 1 36 11,899
8 29 0 29 .72
9 Lo 1 39 5.139
10 2 1 1 04356
11 b 1 3 0,896
12 15 1 1 2,712
$x 307 16 291 13,826
z 25,583 1,333 21,250 3,652
t = 7,077%
Y01=3.106 Y05-2,201
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TABLE XXV
ALTERNATE~CHOICE TESTS - JACK-PINE BUDWORM
0.1 M, D-SUCROSE + 0,02 M, L-PROLINE (A)

VS,
0.1 M. D=SUCROSE (B)

Replicate * Per cent disc area Dif ference Transformed
eaten difference
A ‘B A - B Vasd - Bt
1 63 5 58 | 8,62
2 31 8 23 2,698
3 10 . 20 «10 ' -1,288
L 37 1 36 L899
5 9 5 h 0.737 %
6 21 29 -8 0,79
7 52 19 33 2,830
8 72 N 68 6.394
9 62 10 52 : Lh.666
10 sh 10 b ho1)2
11 6 16 -10 -1,513
12 7 0 . -7 2,032
13 56 7 L9 : h.778
1 61 8 53 h,927
15 6 8 -2 ) -00366
$ x - 5kT 10 397 39.766
x 36,467 10,000, . 26,467 2,651
$x 207,218
t = 3,809

Y01=2,977 Yog=2,145
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TABLE XXVI
ALTERNATE-CHOICE TESTS - SPRUCE EUDWORM
0.1 M, SUCROSE + 0,02 M. HYDROXY-L-PROLINE (A)

VS.
0.1 M, SUCROSE (B)

Replicate  Per cent disc area Difference Transformed
eaten difference
A B A - B VA;%",‘gé»%'
1 7 3 L 0,868
2 21 7 1 1,898
3 12 0 12 2.829
l 3 9 42 . 1,09k
5 11 0 11 2,68
6 22 2 20 3,162
7 1 ) 1 0,518
8 22 0 22 4,036
9 7 1 [ 1,51
10 11 1 10 2,166
11 5 1 N : 1,120
12 10 1 9 2,015
13 1 1 0 0,000
15 11 1 10 2,166
16 27 5 22 2,899
17 11 1 10 2,166 .
¢x 233 35 198 325
K 13,706 2,099 11,647 2,008
$ %2 | 93,049
- 6,911%*
t

01=2,921 Y05=2,120
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TABLE XXVII |
ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM
0,1 M, SUCROSE + 0,02 M. L-GLUTAMIC ACID (4)
vVSs.
0.1 M, SUCROSE (B)
Replicate - Per cent disc area Difference = Transformed
: eaten : difference
A B A - B yaed - Vm%
1 9 13 -l C 0,552
2 13 3 10 1,803
3 5 1 . L 1,120
L 7 .2 5 . 1,158
5 2 5 "3 ' -0076,4
6 5 2 3 0,76k -
7 13 5 8 1.329
9 2 1 1l 0.356 ) '
$ x 6l 3 3 6,865 |
X 7.111 3.667 3.l 0,763
$x2 | | 12,116
t = 2.&61*

%01-3,355 Y 05=2,306
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TABLE XXVIIT
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ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM

0.1 M, SUCROSE (A)
- V8.
0.1 M, SUCROSE + 0,02 M. L-ARGININE (B)

Replicate Por cent disc area Difference  Transformad
- eaten d4fference
A B A - B Vasd - \/Bed
1 5 2 3 0,76l
3 29 0 29 .72k
h h 0 L 141y
5 1 0 1. 0,518
6 T 1 6 1,51
8 0 9 =9 -2,375
9 7 1 6 1,51k
10 2 -2 0 0,000
11 1l 0 1l 0,518
12 9 2 7 1,501
13 6 2 L 0,968
1 51 0 51 6,169
15 1 2 -1 -00356
16 1 1 0 0.000
17 0 h -l ~1.h1)
$x 128 36 92 14,311
x 7.529 2,118 5.k11 0,842
¢ =2 84,250
t = 10635
Y01-2,921 $05=2,120
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Whereas L-glutamic acid in combination with sucrose was more
effective than sucrose alone this amino acid was inactive,in itself in
single-disc tests, L-Proline which was active in single-disc tests was
reiatively more effective in combination with suerose than was Le-glu-
tamic acid, |

The similarities in the responses to Léproline, hydroxy =L-pro-
1ine and I~glutamic acid are of interest in view of ﬁhe struotural
affinities of these compounds (Fig., 9). Both hydroxy =~ proline and
glubamic acid can be considered fo be derived from proline hy oxidation
and metabolic pathways for such'transformations have been established
fér some organisms,

An enhanced response to amino acids and sucrose similar to that
noted in these experiments was reported by Tauber (1959) iﬁ his investi-
'gations with the clear-winged graséhopper. He found that a mixture of“
" alanine, serine, U-emino-butyric acid and sucrose was more stimulating
to nymphs than any one of the three amino acids in mixture with sucrose,
Beck and Hanec (1958) in studies with European corn borer larvae tested
certain gtimulating amin6 acids in individual combinations with glucose.
They concluded that the responses to the mixtures were simply due to the
additive effects of the components and that no synergistic effects or
other interactions were involved. On this basis they postulated the
existence of separate sense receptors which are stimulated by the two

types of compounds,

Feeding Responses to Sucrose - Shikimic Acld and Sucrose - D-Quinic Acid

Mixtures
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CHa
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FIGURE 9

STRUCTURAL FORMULAE FOR PROLINE, HYDROXY-PROLINE,
AND GLUTAMIC ACID
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Shikimic acid has been detected in the foliage of a wide variety
of gymnosperms (Hattori et al, 1954). Manskaja and Kodina (1958) re-
ported it to be more abundant in newly developing tissues than in ligni-
fying tissues, Neish (1958) found it to be the major organic acid in
the needles of white and Colorado spruce, It was present in both new
growth and ma#ure‘needles and was readily extractable by 80 per cent
ethanol, In early new growth of Colorado spruce it constituted 1,3 per
cent of the dry weight compared to 2 per cent for sucrose, Neish (1.c,)
wag unable to isolate quinie acid from spruce needles but he detected a
compound with similar properties on paper chromatograms,

Both of these compoundé ﬁre structural derivatives of the six=
carbon cyclic sugar alcohél, m~inositol (Fig. 10), The chemical rela-
tionship between these compounds is of Interest because several insects,
including some leafweating larvae, have been demonstrated to exhibit
feeding responses to m-inositol at a conéentration of 0,1 M, No such
response was obtained with spruce budworm larvae in single-disc tests,»
nor did they respond to shikimic acid. |

In cholce tests with spruce budworm larvae shikimic acid was
tested in combination with 0,05 M. sucrose at conceptrationé of 0,2,
O.h, 0.8 and l‘per cent, D-Quinic acid was similarly tested at cone
centrationé of O, and 1 per cent. The results are presented in
Tables XXIX to XXXIV.

A significant stimulating effect was detected with shikimic acid
at a concentration of i per cent but not at the lower concentrations,

Quinic acid appesared to enhance the response slightly at a concentration
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STRUCTURAL FORMUIAE FOR M-INOSITOL, SHIKIMIC ACID
AND D-QUINIC ACID




TABLE XXIX
ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM
0.05 M, SUCROSE + 0,2% SHIKIMIC ACID (A)

VS,
0,05 M. SUCROSE (B)

e

Por cent disc area Difference = Transformed

Replicate
eaten difference
A B A - B Vaed - |Bed
1 26 3 -6 -0,553
2 32 U 18 _ 1.893
3 2 38 =36 -l o62L
L 7 L .3 0,618
5 27 o n " 16 1,853
6 L b 0 0,000
7 12 3 9 1,668
{x 110 106 L  0.852
5 15,71 15,103 0.1 0,122
$ x2 31,858
t = 0,240

013,707 Posez.




TABLE XXX

ALTERNATE~CHOICE TESTS - SPRUCE BUDWORM
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0,05 M. SUCROSE (A) VS, 0,05 M, SUCROSE + 0.h4% SHIKIMIC ACID (B)

Per cent disc area Difference

Replicate Transformed
- eaten difference

A B A - B Vard - VBid
1 18 7 11 1,562
2 6 18 =12 ~1,752
3 20 8 12 1,612
b 27 Lo - -13 . -1,120
5 3 ) 17 1,805
6 1 L6 -5 -1,32}
-1 30 7 23 2,784
8 23 3L -11 -1,026
9 0 0 0 0,000
10 N 16 -12 ~1.941
11 0 2 -2 -0.87h

12 ) 3 11 1,937
13 8 10 -2 -0,324
1 15 6 9 1,378
15 1 2 - -1 -0,356
16 13 17 =l «0,509
17 16 21 -5 0,575
$x 227 211 16 1277
X 13.353 12,412 0.941 0,075

t = 0,212

Y05=2,120

$01=2,921




TABLE XXXI
ALTFRNATE-CHOICE TESTS - SPRUCE BUDWORM
0.05 M. SUCROSE + 0,84 SHIKIMIC ACID (4)

VS,
0,05 M. SUCROSE (B)

w— et p——
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o a——

Replicate Per cent disc area Difference Transformed
eaten : difference
A B A . B \/A+-%v - \/B-n-%
1 7 | 15 -8 - -1,198
2 36 .20 - 16 : 1,51
3 55 3 . 52 ~ 5.578
L 7 é 1 0,190
5 51 i 37 | 3.368
6 0 9 -9 -2,375
7 12 0 - 12 2,829
8 15 20 -5 -0,591
9 18 27 A -0,943
10 8 13 , -5 -0,758
x 209 127 . 82  T.61L
x 20,900 12,700 8.200 0,761
=2 61,678
t = 0,966

Y01-3,250  Yoga2,262
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TABIE XKXII
ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM

0,05 M, SUCROSE 4 1% SHIKIMTC ACID (A4)
VS'
0.05 M. SUCROSE (B)

" Replicate Per cent disc area - Difference Transformed
' ' : eaten difference

A B | A - B 4W£§§f--V5;§-

1 28 N 21 2,928
3 '3 1 2 04,6l6
L 2L 7 a7 : 2,210
5 N 1 3 0.896
[ 22 10 12 - 1,503
7 33 8 25 2.873
8 U 1 13 2,583
9 3 2 1 0,290
10 8 0 8 _ 2,208
11 3 .3 0 . 0,000
$x we I3 103 16,327
X 13.273 3.909 9.36L 148k
i X2 360858
b= b,377T

$0123,169 bo5m2,228
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TABLE XXXIII
ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM
0.05 M. SUCROSE + 0.4% D-QUINIC ACID (A)

0,05 M, SUCROSE (B)

Replicate "~ Per cent disc area Difference Transformed

eaten difference
A B A - B Vasd - \Bed
1 22 RI I 8 0,935
2 28 20 8 0,811
3 6 2 L 0,968
L 5 7 -2 0,394 | .
5 3k 34 0 0,000 - o
6 21 15 6 0,700 | P
7 23 22 1 0,105
8 36 10 26 2,802
9 2 2 0 0,000 "
$xam 126 0 8,927
E 19.667 ' 14,000 5.667 0,659
1§22 10.976

t = 2,105

013,355 b 05a2.306
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TABLE XXXIV
ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM

0.05 M. SUCROSE (A) VS. 0,05 M, SUCROSE + 1% D=-QUINIC ACID (B)

M‘“WMWWW

e ———

Replicate @ . Per cent disc area Difference ~ Transformed
eaten : difference
A B A - B Y/ VR B+%

1 15 9 6 - 0,855
2 23 11 12 1,457
3 1l (o )N 1 0,518
h 0 ) 2 -2 * :-Oo 87h
5 8 12 -l =0,620
é 2 3 =1 . «0,290
7 18 2 13 2,356
8 19 N 15 2,295
9 7 5 2 : 0,394
10 2 1 1 0,356
11 2 5 -3 o =0,76h
12 5 h 1 0,22l
{x 99 58 b1 5.907
E 8,250 1,833 3.417 0,917
2 | - 16,088

%01-3,106 $05=2,201
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of 0.4 per cent and to deter regponse at 1 per cent, However, in neither
case were these differences statistically significant at the § per cent
level,

.The ratio of shikimic acid to suerose at the concentrations
found effective in these tests is only slightly greater than that in
the new growth of Colorado spruce as reported by Weish (1l.s.), Although
the cencentraiion of shikimic acid in the new growth is somewhat higher
than in the previous year's needles it is doubtful that this difference
in itself is sufficient to account for any differential feeding
~ response, The dissimilarity in the response tolshikimic and quinic
aclds, despite their sbructural'affinity, indicates the high degree ef

specificity involved,

The Effects of Pungenin, Its Aglucone end Related GomEeunds'

on Feeding Response

Tests with pungenin, Neish (1957 1958) isolated and identified

a glycoside from the leafy twigs of white spruce and Colorado spruce to
which he gave the name pungenin. Subsequent investigations by von
Rudolff (Neish, 1961) demonstrated that it was present in black spruce
.bﬁt not in jack pine or Scots pine, It is not known whether it occurs
in balsam fir,

This water-goluble compound is a monoglucoside of 3, L-dihydroxy-
acetophenone (3 - glucopyranosyloxy - h - hydroxyacetophenone). Tt
constitubes about five per cent of the dry weight of winter needles and
decreages to about half this concentration in midsummer, WNeish was un-

able to detect its presence in newly-developing spruce needles but it
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appeared as lignification proceeded and the needles matured.,

| Spruce budworm larvae showed no feeding resbonse when pungenin wag

tested alone in concentrations ranging from 0,2 per cent to 5 per cent
in»éingle-disc tests, The effect of pungenin on response to sucrose was

.investigated in alternate-choice tests with both spruce and Jack-pine

budworm larvae,

With 0,05 M, sucrose and 0.2 per cent pungenin (Table XXXV) the
average feeding response of spruce budworm larvae was greater on the
discs conbaining pungenin., However this difference was not significant
at the 5 per cent level, At the_same sucTrose concentration,'l per cent
pungenin had a significant deterrent effect on the responses of both
spruce and jack-piné budworm larvae (Tables XXXVI and XXXVII), The  .
effect on jack-pine budﬁorm larvae is of interest in view of the fact

that pungenin does not occur in jack pine. This reaction to pungenin mmj
.‘be a regiduval trait derived from a common ancesgiry with the spruce bude
worm. It is also possible that é related glucoside occurs in jack pine
foliage. At a lower concentration of sucrose, 0,02 M., O.h per cent
pungenin had no significaht influence on ﬁhe feeding behavior of spruce
budworm larvae (Table XXXVITI) but the deberrent effect of 0,8 per cent
pungenin was significant at the 1 per cent level (Table XXXIX). |

Figures on the relative amounts of pungenin and sucrose in the
various test solutions and. in year-old spruce needles (Neish, 1958),
at the time of larval feeding, are given in Table XL. Although the
ratios of pungenin to sucrose were identical in the tests recorded in

Tables XXXVI and XXXVIIT the effects on feeding response were not the




TABLE XXXV
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ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM

0,05 M. SUCROSE + 0,2% PUNGENIN (A)

Vs.
0,05 M, SUCROSE (B)

Replicate " Per cent disec area Difference Tranaformed

‘ eaten difference

A B A = B Wk~ yBd
1 U 2 12 2,227
2 3 3 - 0 0,000
3 6 10 =l -0,691
l 17 6 11 1,634
5 28 39 -11 ~0.946
6 3 8 -5 -1,045
7 19 6 13 1,867
8 3l 23 11 1,026
9 80 17 63 L.789
10 15 1 1 0.129
11 39 16 23 2,223
12 15 5 10 1,592
$x 273 19 | 124 12,805
x 22,750  12,h17 10,333 1,067 .
$ x° 15,059

. t = 2,186

¥01=3,106 t05=2,201
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TABLE XXXVI
ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM
0.05 M. SUCROSE (A)

VS¢ :
0,05 M, SUCROSE + 1% PUNGENIN (B)

Replicate ) Per cent disc area Difference Transformed
eaten difference
A B A - B ek - Bed

1 22 6 16 ‘ 2,194
2 33 7 26 3,049
3 35 5 30 o 3.613
hy 22 3 19 2,872
5 lih 15 29 2,73k
6 S 9 L5 , 14,300
7 40 15 25 2,427
8 16 5 11 1,717
9 12 29 -17 -1,895
10 15 2 ‘13 2,356
11 32 2 30 4,320
12 28 5 23 2,994
13 L7 20 27 2,36k
1 50 19 31 2,690
15 6 0 6 , 1,842
16 9 2 7 1,501
17 10 0 10 ‘ 2,533
18 26 0 . 26 bl
$x 501 1kl 357 L5.852
x 27.833 8.000 19.833 2,547
$ x2 | ) 149,905

t = 7,765%%

%01=2,898 50522,110
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TABLE XXXVIT
ALTERNATE-CHOICE TESTS - JACK-PINE BUDWORM
0.05 M, SUCROSE (A) VS. 0,05 M, SUCROSE + 1% PUNGENIN (B)

Replicate Per cent disc area Difference Transformed

eaten difference

A B A - B\l - \Bd
1l L7 9 38 3,810
2 25 8 17 S 2,13)
3 18 1 17 3,076
4 7 0 - 7 2,032

5 0 2 -2 «0,87h

6 21 0 21 C T 3,930
7 16 N 12 1,941
8 2 6 18 2,400
9 1 .0 1 0.518
10 22 4 18 2,622
12 0 2 2 ~0.87h
{x 190 - b 11 < 20.123
X 15,833 " 14,083 11,750 1,677
$ x2 66,658

t = 3.361%%

$01=3,106 t05=2,201
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TABLE XXXVIII
ALTERNATE~CHOICE TESTS - SPRUCE BUDWORM
0,02 M, SUCROSE (A)

VS,
0,02 M, SUCROSE + O,4% PUNGENIN (B)

Replicate Per cent disc area Difference Transformed

eaten o difference

A B A - B Vasd - fBed
1 N 2h =20 ‘ | -2.828
2 11 R 'R T L 1,270
3 18 11 7. - 0.910
L 6 19 =13 ' -1,867
6 7 12 '5 —00796
7 18 .2 16 2,720
8 21 12 9 1,102
.9 6 2 N 0,968
10 9 16 -7 «-0,980
11 10 3 7 1,369
$x 18 - 107 1 13,202
% 10,727 9.727 1000 0.291
$x2 28,722

t - 00579

t01=3,169 b05a2,228

i
1
{
{
|
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TABLE XXXIX
ALTERNATE-CHOICE TESTS -~ SPRUCE BUDWORM
0,02 M, SUCROSE (A)

VSe
0,02 M. SUCROSE + 0.8% PUNGENIN (B)

Replicate . Per cent dlsc area Difference Transformed
' eaten difference
A B A - B Vet - \Bd
1 .23 3 20 2.977
2 7 0 7 2,032
3 5 0 5 | 1,638
L b 0 L v 1.4k
5 12 0 12 : 2.829
6 6 0 [ 1.8L2
7 5 0 5 1.638
8 15 N 11 1,816
9 25 5 20 2,70k
10 12 1 11 2,310
12 ) 0 6 1,842 |
13 7 o - 7 2,032 P
$ x 136 ) 122 26,931
x 10,461 1,077 9,38l 2.072
§x° | 58,669

t = 15,463

%01=3,055 b05=2,179
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THE RELATIVE AMOUNTS OF PUNGENIN AND SUCROSE IN VARIOUS TEST
SOLUTIONS AND IN YEAR-OLD COLORADO SPRUCE NEEDLES

11956

Per cent Molay Ratio
concentra- concentra- PungeniniSucrose
tion of tion of in terms of
pungenin sucrose welght per unit
: volume .of solution
Choice Tests .
Table XXXV 0.2 0,05 1: 8.5
Cholce Tests o .
Table XXX'VI 1 - : 0.05 l: 1.7
Choice Tests o :
Table XXXVIII 0 0,02 1': 1.7
Choice Tests _
Table XXXIX 0.8 T 0,02 1 0.9
Per cent dry weight of Ratio by weight
: needles .
Neish's analysis of
year-0ld Colorado
spruce needles,
. collected June 11, -
1.8 3.3 1:1.8
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same., It would appear that the deterrent effect of pungenin is not deter-
mined simply by its concentrétion relative to that of sucrose but also

by the absolute quantity of pungenin present., As the moisture content of
mature spruce needles is quite low it can be deduced from Neish's data
that the concentration of pungenin in the fresh year-old spruce needles
would be of the order of that causing a deterrent effect in these tests,

Tests with the aglucone. In view of the results obtained with

pungenin it was of interest to investigate the influence of the aglucone
on feeding'response. The products of hydrolysis of pungenin are 3, L--
dihydroxyacetophenone and D-glucose and the aglucone constitutes
slightly less than half the weight of the intact molecule, To compare
its effectivensess on the résponse of spruce budworm lafvae to 0,05 M,
suerose wtﬁh that of 1 per cént pungenin it was tested at a ooncent:atibﬁ
of 0,5 per cent (Table XLI), At‘this_concentration there was some -
evidence of a deterrent effect but the difference was not significant at'
the 5 per cent level., This is in decided contrast to the results ob-
tained with 1 per cent pungenin and indicates that the intact glncoéide
molecule was a more effactive deterrent than its aglucone. The effects
of the aglucone at a concentration of 1 per cent wefe investiééted and
the resulbs are presented in Table XLII, Atvthis concentration the
compound had a very marked deterrent influence.

Tests with compounds structurally related to the aglucone. To

investigate the specificity of the effect of 3, h-dihydroxyacetophenone
some related compounds were tested in the same manner at a concentration

~of 1 per cent, The structural relationships of these compounds are in-
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TABLE XLI
ALTERNATE-CHOICE TESTS - SPRUCE RUDWORM
0,05 M, SUCROSE (A)
0,05 M., SUCROSE + 0.5% 3, h:mrrnnomcmommrom (B) :
Replicate Per cent disc area Difference Transformed
eaten difference
A B A - B Vasd - Bk
1 19 3 16 é.ShS
2 L 8 =L 0,794
3 17 T 10 10kl
"“ 9 ' 10 -1 . =0 0158
5 10 1 9 2,015
6 3 3 0 0,000
7 2 0 2 0,874
8 1 18 -l w093
9 19 N 15 ' 24295
10 13 8 5 0.759
12 3 1 2 0.6116 . .
$x 113 65 L8 8.259
X 9417 5417 - 1000 0.688
§ =2 o 21,309

-t = 2,012

013,106 %05-2,201
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TABLE XLIY
ALTERNATE-CHOICE TESTS - SPRICE BUDWORM

0,05 M. SUCROSE (A) VS. 0,05 M, SUCROSE + 1% 3, h-DIHYDROXYACETOPHENONE (B)

Replicate Per cent disc area Difference Transformed
eaten difference
A B A - B Vask - Bk

1 2 0 2 0.87
o2 1 0 1 0,518
3 12 0 12 2,828
5 23 1 22 3,623
6 L6 0 46 6.112
7 2 0 2 : 0.874
8 i 0 1 3,101
9 17 1 16 ~ 2,958
10 32 0 32 Looh
11 33 1 32 4,563
12 5 0 5 1.638
13 25 1 2L . 3.82L
1 10 0 10 2,533
15 23 0 23 lio2hd
16 17 1 16 2,958
17 9 2 7 , 1,501
18 5 0 5 - 1,638
19 1 0 1 0.518
20 15 0 15 3,230
21 15 0 15 3,230
22 6 0 6 C 1842
$x 316 7 ' 309 58,662
X 136k 0,318 1,046 2 .666
$ 20l 8141

t = §,228%%

- Y01a2,831 b0522,080
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dicated in Fig. 11,
1. 2, h-Dihydroxyacetophenone (Table XIITT). Structurally this

compound differs from the aglucone-Only in the relative positions of the
hjdroxyl groups, A deterrent effect was apparent with this compound
and the difference in response was significant at the S per cent level,
The compound was considerably less effective than the aglucone.

2, 2, 6-Dihydroxyacetophenone (Table XLIV). ‘This compound also

differs from the aglucone only in the position of the hydroxyl groups,
It hed a greatef deterrent effedt than the preceding compound. The

. difference in réaponse to the discs containing th;s compound and those
containing sucrose alone wag significantlat the 1 per cent level,

The relative deterrency of these twb cbmpounds and the'aglnnone
indicates that the location of the hydroxyl groups in the benzene ring
1nf1uences the effectiveness of the molecule. Other aromatic_oompounds
ppssessing the-prtho-dihwdroxy grouping but 1acking the carbonyl growp
were also tested to determine their effects on feeding response.

3. 3, h-Dihydroxybenzoic acld (=_Protocatechuic acid) (Table XBV).

This compound differs from the aglucone in that the carbonyl group is
‘replaced by a carboxyl group, It had a significant §eterrent effect but
wasféomewhat less effective than 3, h-dihydroxyaéetophenoneb

Protocatechuic acid is commonly found in plants (Bonner, 1950)
in both the free and combined states, No'referénces to 1ts occurrence
.in the foliage of conifers ﬁere found, |

h. Catechol (= Pyrocatechol) (Table XLVI)., This orthodihydroxy

derivative of benzene had no significant effect on the response to
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COCH3 - COGH,
‘ ¢¢4L\x_on
OH ' l
KJ
OH OH
3, lL-Dihydroxyacetophenone ‘ 2, L4-Dihydroxyacetophenone

COOH
|
7

N ~OH
H

3, L-Dihydroxybenzoic acid
(protocatechuic acid)

CH=CH~-COOH

Pyrocatechol 3, Li-Dihydroxycimamic acid
(Caffeic acid)

FIGURE 11

STRUCTURAL FORMULAE FOR THE AGLUCONE OF PUNGENIN
AND SOME RELATED COMPOUMNDS
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TABLE XLIII
ALTFRNATE-CHOICE TESTS - SPRUCE BUDWORM
0.05 M, SUCROSE (A)

vs.
0.05 M. SUCROSE + 1% 2, L-DIHYDROXYACETOPHENONE (B)

Replicate -'Per cent disc area Difference " Transformed
eaten difference

A | B A - B \/A-o% - \/B+%,
1 20 16 L oMb
2 11 3. 8 - 1,520
3 20 8 12 1,613
i 3 1l 2 - 0,616
5 3 ) -3 0,678
6 1 3 -2 ~006h6
8 9 0 9 . 2,375
9 6 l 2 0.1428
11 5 0 5 1,638

12 6 - 7 -1 ~0,190
13 13 20 -7 -0,854
1 20 7 13 ' 1,789
15 10 9 1l 0,158
$x 165 93 72 11,67k
‘X | 11,000 6.200 | ~ h.8o00 0.778
$x2 | 30,543

t o= 2.0439%

Y01=2.977  boge2,148




TABLE XLIV
ALTERNATE-CHOICE TESTS = SPRUCE BUDWORM
0,05 M, SUCROSE (A)

| VS [}
.0,05 M, SUCROSE + 1% 2, 6-DIHYDROXYACETOPHENONE (B)

Replloate " Per cent disc area Difference Transformed
eaten L difference
A B A -8 Vet - g
1 8 0. 8 2,208
2 37 1 36 144899 .
3 21 0 21 ' 3,930
ki 2 0 2 0.874h
5 25 -3 22 3,178
6 61 2 59 6,261
7 1k 1 13 2,583 .
8 1] 9 5 04726
9 1 2 12 ; 2,227
10 13 1 12 L 2.uh9
11 16 0 6 3,355 -
12 8- 1 7T 11,690 -
¢x 233 © 20 223 3.3/
H 9007 LE6T .75 2,868
&2 | . 16.652
b= 6,215

%01=3.306 = Yose2,201
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TABIE XLV
ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM
0,05 M, SUCROSE (A)
0,05 M, SUCROSE + 1% 3, X§ﬁIHIDROXYBENZOIC ACID (B)

Replicate Per cent disc area - Difference Transformed
eaten » difference

|
o
>
]
Lo

2,015
.-0.;571: S
1,691
0,000 - -

~I O\ETW N

OHMHO @WK
'

WO ~JwWww oov

AN
. I

o

12,266

R

t = 2,817%

Powesaror Yose2hr
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TABLE XIVI
ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM
0,05 M, SUCROSE + 1% CATECHOL (A) VS. 0,05 M. SUCROSE (B)
Replicate . Per éent disc area Difference Transformed
eaten difference
A B A - B ‘/A-t-% - ‘/nﬂg
1 0 1 a1 <0.518
2 26 32 -6 , :=04553
3 15 23 - 8 «0,911
k W 0 1 3.101
5 O 3 -3 L. ’ 61016’4 .
6 29 . 0 29 o o2
7 0 19 ~19 o =3.709
9 3 2 1 10,290
10 é 3 3 04678
1 22 2 20 - 3,162
$x 118 91 2 3288
x 10455 8,273 2,182 » '0.29"6_' |
$ 2 . | 62,383
b - .00396 '

- b013,160 - $05.2,228
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gsucrose., Thus, while the positioning of the hydroxyl groups had an
influence on the relative effectiveness of the acetophenone derivatives,
the deterrent effect is not specifically due to the ortho-dihydroxy

group.
5, 3, L-Dihydroxycinnamic acid (e Caffeic acid) (Table XLVII).

Thie aromatic acid was found to have a stimuléting effect on response at
the concentfation used in these tests, The difference In response dve
to this compound was significant at the 1 per cent level.

Neish (1959), in a study of the biosynthesis of pungenin in
Colorado spruce, foﬁnd that caffelc acld was one of the best precursors
of pungenin of the various. compounds investigated, As pungenin is formed
during the course of growth and lignification of the needles it is . S
possible that caffeic acid may be present in appreciable quantitieé in '
the new vegetative ghoots, ‘If this is the case it would be expeoted'to
contribute to the stimulating effectiveness of the extracts prepared from
this material, -

IV, A FURTHER EXPERIMENT ON THE ROLE OF PUNGENIN -

In the tests with host-plant extracts described earlief!it‘was :
demonstrated that an extract of partially expandéd vegetative white |
spruce buds evoked a greater feeding response than an extract of year-old
needles, This was true even when the bud extract was diluted to reduce
its sugar content to slightly less than that of the needle extract. 'A
significant difference in the chemistry of the bﬁds and the needles;

which has been previously noted, is the relatively high concentration of
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TABLE XLVII
ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM

0,05 M. SUCROSE + 1% CAFFEIC ACID (&)
VS, ,
0,05 M. SUCROSE (B)

Replicate © Per cent disc area Difference Transformed
' eaten - difference
A B A -8  |md - B
1 18 1, I 093
2 13 2 11 2,093
h 50 11 39 3,715
5 16 7 9 . 1,323
6 3 h -1 "’00250
7 6 .0 6 : 1,842
8 32 1 31 ' L 76
9 8 1 b - =0,893
10 29 16 13 1,369
1 2l 9 15 1,867
$x 00 78 126 17.673
x 18,545 7.091 11.h5h 1,606
R 52,506
t = 3032

%01=3.169 bo5=2,228
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pungenin in the latter, In view of the demonstrated deterrent effect of
pungenin on the response to sucrose it was of intefest to investigate the
relation of this compound to the efféctiveness of the extracts of the two
tissues.

Extracts of partially expanded vhite spruce shoots and year-old
needles weré preparéd from the same desiccated plant material and in the
same manner as described on page 56, The sugar concentrations of the bud
and needle extracts were 2,8 and 1,9 grams glucose equivalents per litre
respectively, ‘

The bud extract was diluted 1:1 with 80 per cent ethanol and 30
mge of pungenin were’ added ‘bo 3 mi. of“this dilu'ﬁed extract. The response
to discs treated with this supplemented extract was then compared to the
response to discs treated with the needle extract in a series of alternate
choice tests, In a parallel get of tests the needle extract was tested .
- against the diluted bud extract to which no pungenin had been added. -The‘
results of these two series of tests are given in Tables XLVIII and
XLVIX reSpectively. _

Comparison of the results reveals that the addiﬁion of‘“‘p;inge_hin t’o‘
the tud extract considerably réducéd its acceptance by the lar-vae‘.‘ Hdw-'
ever the ammlmt of pungenin added to the bud extract to produce this
deterrent effect was over ten times that calculated to be presen_t} in the
needle extract on the basis of published data (Neish, 1958). Therefore
a greater difference in the response to the two eirtracts than that noted
in Table XLVIIT would be expected if pungenin content was the only factor

influencing the relative acceptability of the two exﬁracts. It is
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TABLE XLVIII
ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM
DILUTED ETHANOL EXTRACT OF WHITE SPRUCE. BUDS + 1% PUNGENIN (A)
VS. .
ETHANOL EXTRACT OF YEAR-OID WHTITE SPRUCE NEEDIES (B)
Replicate .Per cent disc area Difference Transformed
eaten difference
A B A - B Vﬁ*% - ‘hy%.

1 0 9 -9 «2,375
2 9 25 =16 ~1,967
3 6 6 - 0 0,000
L 11 10 1 0,151
5 20 "8 12 1,612
6 I 20 S =0,720
7 2 2 0 0,000
.9 56 Lo ' 16 1,153

10 29 20 9 0,903 -
11 21 36 «15 . «l.s0h
12 7 L 3 0,618
13 9 18 -9 =1 219
1 38 12 26 2,670
15 17 8 9 1,268
16 w7 - 3 3.703.

$x 263 23, o 3282
X - 17.688 1,625 3,063 0,199
$ 22 12,59

.t = 00h76

Y01=2,947 t05a2,131
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TARLE XLIX
ALTERNATE-CHOICE TESTS - SPRUCE BUDWORM
80 PER CENT ETHANOL EXTRACT OF WHITE SPRUCE BUDS (DILULED) (A)

. VS.
80 PER CENT ETHANOL EXTRACT OF YEAR-OID WHITE SPRUCE NEEDIES (B)

Replicate Per cent disc area Difference Transformed
: eaten : difference
A B A - B Yok - |/B+%-
1 L8 W 3l 3,156
2 17 0 17 3.476
3 18 '3 15 2,430
L 11 5 6 1,046
$x ol 22 72 10.108
X 23,500 54500 18.000 2,527
$x2 ' - 29,0k2
t = 14,688"

t01=5.811 Y053,182
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possible that there is more than one deterrent factor in the old needles,
Also the buds may contain stimulating constituents that are absent from
or present in lower concentration in the old meedles. It was suggested

earlier that caffeic acid may be a factor that fits in the latter category.
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APPENDIX A

A LIST OF THE COMMON NAMES OF NATIVE TREES USKD, |
WITH THEIR SCIENTIFIC EQUIVALENTSy

Balsam fir
‘Tamarack

) White spruce
Black spruce
Red spruce
Jack pine
Douglas fir

-~ Abies balsamea (L,) Mill,

« Larix laricina (Du Roi) K. Koch

~ Plcea glauca (Moench.) Voss

Picea mariana (Mi1l.) BSP.

- Picea rubens Sarg.

Pinus Banksliana Lamb,

- Pseudotsuga menziesii (Mirb,).

1 e given in "Native Trees of Canada" 6th Edition,
Bulletin #61, Canada Department of Forestry,

Ottawa, 1961,




APPENDIX B
TIME-LAPSE PHOTOGRAPHY STUDIES OF TARVAL FEEDING BFHAVIOR

As has been described in Chapter IV, the larval feeding tests were

of U8 hours duration. Although the larvae usually appeared normal and
~active at the end of this time, it was desirable to determine whether

there was any progressive or abrupt change in the frequency or amount of

feeding during the tests, The technique of time-lapse photography was

made use of to determine this,

The equipment consisted of a Kodak Cine~Special Mark II, 16 mm,
camera with which was associatéd a Stevens Timerl to control the lights
and shutter. The camera wﬁs fitted with a Cine Ektar 25 mm, £/l lens
with an extension ring and spaﬁer_added to reduce the field size. The
£11lm used was Kodachrome t&po A. Tllumination was brpvided by two 100

watt photoflood lamps, Single-frame exﬁosures were made at six-minute
intervals., The timer écﬁivated.the light ecircuit before tripping the
single-frame button, |

Each test was of L5 hours duration making it possible ﬁo record

eight such tests on each 100 foot roll of film,

The test chamber was of the same type used in the single~dise
tests except that the light masks were omitted and the pith disc was

mounted on a light blue paper which provided a suitable degree of color

ﬁ contrast, The experimental set-up (Fig, 1) was enclosed in a frame

1 stevens Engineering Co., 2421 Military Ave., Los Angeles 6li, California,
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APPENDIX FIGURE 1

ARRANGEMENT OF PHOTOGRAPHIC APPARATUS AMD FEEDING
CHAMBER AS USED IN TIME-LAPSE RECORDING
OF FEEDING ACTIVITY




covered with heavy black cotton and the room wasg kept darkened throughout
the test, Temperature was maintained at approximétely 23° c.

Ten feeding tests were made with dis?s treated with 0,1 M,
suerose and ten with discs treated with 0,5 M, sucrose. The larvas used
were fifth-instar spruce budworm larvae which had been reared on
tamarack, |

Frame~by-frame analysis of the films was carried out using a
Kodak analysls projector, The image of the disc was projected on an
outline form and a tracing was made of each picture which showed a feed-
ing increment, Fach tracing was then measured with a planimeter.

The data thus obtained from six representative tests, three with |
0.1 M. sucrose and three with 0,5 M, eucrose,~are presented graphically
in Figures 2 Yo 7, These graphs depict the feeding increments expressed
ag cumulative percsntages of the dise area consumed. The upright solidi‘
bars represent the feeding increments and the horizontél dotted lines
depict the intervals between feeding periods, Departure of'ﬁhe upright
bars from the vertical, which occurs only once in these graphs,
indicates that the'feediﬁg period extended over a longer interval than
the six minutes between successive frames.

From these graphs it can be seen that the inception of feeding
usvally occurred shortly after the commencement of the tesf but was some-
times delayed. Tn all cases a somewhat greater amount Qf feeding took
place during the first half of the test period than thé last half, How=
ever, there was no marked drop-off or significant change in frequency of

feeding in the latter part of the test period,




These results indicated that during a test period of L8 hours the

feading responses of the larvae could he expacted to remain relatively

uniform.




APPENDTX FIGURE 2

GRA_PH OF TIME-LAPSE PHOTOGRAPHY RECORD OF FEEDING OF A FIFTH-INSTAR SPRUCE
BUDWORM IARVA ON A PITH DISC TREATED WITH 0,1 M. SUCROSE
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APPENDIX FIGURE 3

GRAPH OF TIME-LAPSE PHOTOGRAPHY RECORD OF FEEDING OF A FIFTH-INSTAR SPRUCE
BUDWORM LARVA ON A PITH DISC TREATED WITH 0,1 M. SUCROSE
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APPENDIX FIGURE L

GRAPH OF TIME-LAPSE PHOTOGRAPHY RECORD OF FEEDING OF A FIFTH-INSTAR SPRUCE
BUDWOEM LARVA ON A PITH DISC TREATED WITH 0.1 M. STUCROSE
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APPENDIX FIGURE S

GRAPH OF TIME-LAPSE PHOTOGRAPHY RECORD OF FEEDING OF A FIFTH-INSTAR SPRUCE
BUDWORM LARVA ON A PITH DISC TREATED WITH 0.5 M, SUCROSE
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APPENDIX FIGURE 6

GRAPH OF TIME-LAPSE PHOTOGRAPHY RECORD OF FEEDING OF A FIFTH-INSTAR SPRUCE
BUDWORM LARVA ON A PITH DISC.TREATED WITH 0,5 M. SUCROSE
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APPENDIX FIGURE 7

GRAPH OF TIME-LAPSE PHOTOGRAPHY RECORD OF FEEDING OF A FIFTH-INSTAR SPRUCE
BUDWORM LARVA ON A PITH DISC TREATED WITH 0.5 M. SUCROSE
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