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ABSTRACT - :

Prelfminary Studies on’ Olfaction in Second Instar
"Eastern Spruce Budworm, Choristoneura.fumiferana:
Behaviour, Morphology, and Electrophysiology.

Ann . Ascoli
A two choice, wind tunnel olfactometer was designed and
constructed to determine whether .second instar eastern

1

spruce budworm larvae, Choristoneura fumiferana (Clem.),

could detect and didcriminate between host plnn;,Volatilés.

Volatiles of current year's growth of Picda glauca were

preferred over P. rubens, P. mariana, .,or air. ° Abies

3

J ’
balsamea volatiles were preferred over P. mariana, or air.’

THose of P. rubens and P. mariana were preferred over air, -
TQ;:year old growth of P. glauca, A. balsamea, P.

rubens, and P. mariana were 'all preferred over air.

Current .year's-growth of these host evergreen species was

usuall§ preferred over .former yearfs growth of the same

species.

r

The olfactory sense orgams were found to be on the

antennae of this insect, -as determined by ablation studies.

' / ! t . ‘ - 0 ’ -

The .innervation of this appendage was tentatively mapped.
w 0 o .

Chemoreceptor cells appeared as larger groups of cells,
o bt , . .

iocatgq further away from the base of the sensilla to which

they extend dendrites, than did mechanoreceptor cells. The.
. »

pores -allowing for the passage of volatiles from the air

into the sensilla basiconica wére revealed by light and

scanping electron microscopy. Electrophysiologiéal

recordings’ were obtained from the .antenna of the larvae; in

response to hostiblant,Qolatiles and to some pure terpenes.

’

y
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_ INTRODUCTION '
6 <

The eastern spruce budworm, . Choristoneura fumiferana

a

(Clem.) (Lepidoptera: Tortricidae), 1is a serious pest of
4 ‘ ‘

spruce and fir forests of Eastern Canada and of the United

States. * Second instar larvae emerge in early May, and feed

on developing buds of newly opened shoots of coni ferous

host tfees. Balsam fir (Abies balsamea) is usually the most

damaged species, followed by white spruce-(Picea glauca),

red .sprhce Eg; rubens), .and black spruce (P. mgriana)

(Bl;is, 1957; 1964; 1981.) "This order may be related to

host tree phenology:- thg emergence qf larvae from théiru

hibernacula coincides with the budburst of balsam fir, four

days prior to that df white spruce, and abouglthirt;en days-

prior to that of red and :biack spruces (Swaine and
¢ .

Craighead, w, 1924). Though the adhlt females select ‘trees

 which should be suitable for larval development on which to

deposit their egg masses (Stadler, 1974), the second instar
larvae may disperse (Shaw & Little, 1973.)

L

Reésponses to odour by spruce budworm adul£s have -
Been studigd (Thorsteinson, 1§60), .and the antennae were
identified as the sitelof Phé:omone receptors (Alb;nt et
al.. 1970). How;ver, no studies of this species have been
done on larval olfaction, a component of host sglection.
Oliagfumﬁférs‘ have been used to investigate qualititiye and

- t
quantitative aspects of insect responses to odours. Most

' < i . * 3 I3 .- L] ‘l i3 -
olfactometers consist of wind tunnels in which the insect is

é [
) < . 2 . ,
. 7 &
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exposed to odour-treated air streams, while other systeﬂ%

(static olfactometers) rely on diffusion gradients ‘of

.

yarticular odours in still air. Both systems have been used
p y

with -Coleoptera (Anderson and Fiéher, 1960; Wood and

Bushipg, 1963; Mustaparta, 1975; Rust”and Rierson, 1977;
. % . L}

Khono et al., 1983; Mikolajqzak et al., 1984; Kao et al.,

\198&;), Diptera {Nettles, 1980; JKétsqyahos et al., 1980;

THE
Hof fmann, 1983; Ishikawa et al., 1983;),. Hymenoptera

(Ferriera et al., 1979; Brewer, 1983; Vet et al., 1983;
Stafford et al., 1984;), Lepidoptera adults (Guerra, 1968;
Katsoyanos et al., 1980; Lecomte and Thibout, 1981;); and

Lepidoﬁtera lasvae (Sutherland, 1972; Khattar and Saxena,

, 1978; Saxéna and Rembold,‘1986.)»

. 'To determine the location of sensory struciures, a
technique. known as-ablatiop.is Lsgd.', Ubon.the removal of
the olfactory organs, an Jlnsect will»né longeg ;espond to
volatiles. ‘This'techni:ié'has obvious pitfalls. Abi;xidn

. . .

)

causes trauma - in the form of blood loss, carbon dioxide

- L]

poisoning, electrical’ shock, and physical‘press&re on the ’

parts of the body which ;re restrained., For this reason,
"sham"-operated insects: that “is insects which have
undergone all wof the éperation 'procédyres} without being
subjected to the actual amputation, should be tested under
"the, same bioassay lconéitions'aé are the insects with
ablated appendages.: Following these control experiments,

one can safely conclude that thHe sensilla in, question were
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N =~ < ¥ .
on the amputated part. Naturally,  the smaller the ablated
| ) ' .

area, the more precise one gan e about the location. of the
. - ¥ , -

-

olfactory sensilla. Such studies have been performed on

\ . .
&several insects: (Stadler, 1974; Yamada et al., 1981;

ngitt, 1983.) o
Once the sensilla have been approximately, located, it
is advisable to look at the area using. micro;copy to

determine whether any structures which may'ﬁouse olfactory

| » a

neurons are present. Such skructures are characterized by a

»
cuticular covering pierced by numerous pores. ,These

sensilla often display an intricate pore tubule system which

. passes odourous molecules through the cuticle into the
sensillum's interior. ~ Once inside, the odouroqus molecules

dissolve in the  sensillum liéuor; a liquid vof wunknown’

composition, which bathes the‘sensory dendrites and through

which the , molecules diffuse to impinge on the dendritic

membrane. - These dendrites are distal extensions of bipol#

4

prihary‘ sensory cells which iq turn are conneﬁéed,‘ without
synapses, to the centrai nervous systea. A moré detailed
gescribtion of olfactory sensil}ar ultrastructure ,éan be
found in a review by Steinbrecht (1969Xi

A number of staining meLhodSvhave been devedoped to
eluci%ate ;ertaiﬁ aspects of sensillar structure. The
Qéthylene blue -stain (Zacharuk, 1962) is éd)method\ that
selectively stains live insect neurons. As a rule, several
whole prebafétions are studied, alloﬁing a composite drawing
of'thé innervation of the animal to be made. -

@ o | .

e ‘:ﬁ'r" “
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Sections of sensory organs. can be stainmed to emphasize

e ’ . the - structure of the neurons withiﬁf'them. Mallory~

1962) stains colour most tissues aifferentially ahd thus

facilitate the identification of neurons.

’

g ’ A - In order to determine whether particular sensilla are
=l P *
olfactofy in nature, -whole insects may. be ‘immersed in

- 3

- - water-soluble - dyes such as crystal. violet, nigrésin, or

acid fuchsin. (Slifer, 1960). If the sensilla are olfactory,

- "~ surface making _the sensillar interior appear lightly-
- + a

stained. These can~ then be differentiated- from contact

Pal

Il

chemoreceptors whichxhave a single large “pore or a Fow large,
pores and, as a result, stain deeply. Méchaporecepforé,

bearing no pores, do not allow the pdssage of stain in an

aqueous medium.

12
»

insect in glycerol (Slifer, 1969), a refractive medium which:

' (9nhances the contrast of transparent tissues. ™

< & -

_ . Scanning -electron microscopy is useful for revealing
8 » ,

v ¢ the shape and number of pores on the sensilla." The

L

preparatiog technique is simple for most insects: fixation,

budworm  is' :a particulagly '"dirty'" animal because it
g ' y ' \
, ‘ regurgitates when stressed, spins silk, and ¢produces

. exudates from the pores of its basiconic sensilla. These
. . [ L
’ . . N '

’

Heidenhain (Casson, 1950) and Hubschman's azan (Hubschmen,

Olfactory :bores mﬁy'alﬁo be detected by placing, the '

clearing,. drying, and gold coating. However, _the spruce .

the sﬁa%n will passAthrough the many small pbres “in  their.’

3
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three features often combine to oblitérate the view of the
T - ~

.

Ve

9 ' oo - )
olfactory pores, or even of grosser structures on: the
- . [ 4

4 . )
antenna. A protease 3 treatment has -been designed

| 4

gpecifically to remove the coating on the 5ensilla'(Dyer et

al-’ w82). * - ' 9

'

Studies of the morphology of sensory structures often

simply the/ function of these organs. Jt is essential
- 5 -
e

however, that both behaviourel and electrophyéiologicel
studies 'support the suggested funpttion. If the ‘eeurogs
within the structures proposEd to be of sensofy nature do
indeed reepond to - host volaéilﬂs gqr to other aif-boyne
chemicals,ione cen definitively conclede‘ that the organ is
dlfactd;y. qrhe ~electioan;enqogram (EAG) which measures:the
total ;eséanSe to odours of the ;ells within the antenna
(Schnéider, 1955), and the 81ng1e cell ‘recording (Hodgson &
Roeder, 1952)3 a technique wh1ch shows the actlon potentials
emanatlng from 1nd1v3dual neuroﬁz, ‘were developed,for this
puepose.' Far both oE}{heSe techniques, two electrodes ere
in contadt’ with -tHe insect's internall‘ fluids. The

A
"recording" ‘electrode communicates w1th the haemolymph or

-

>

with the sepsillum llquortibzroundxng the sense cell, and

the "reference" electrode pi ces the body surfacé and acts
A AW L]

as a grounding device. The/po ntial differences caused by

ion -conc£:::ation fldxes from the stimulated sensory cells
(receptor potentlals and action potentials) are picked up by
the recordlng electrode, ampllfledy by a high }mpedance
amplifier.. gnd ‘displayed on an oscilloscope or some other
\ ’

J
! R
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recording device.

.

[

In this study, the 6rientaﬁi?n of the seqond"instar ' 1 :

eastern spruce budworm to its host's odours was assésseq in = -
. . - ) ) ) N N
order to determine whether the insect could ' detect these.

Vet .- ’ .

“odours and whether it could discriminate between volatiles *
(Ascoli & Albert,'}985); ablation studies were performed to
location of

! .

Structure and innervation of the antenna's sensilla were

w ,
determine the .the olfactory organs; the.

, o

studied; "and recordings from the antennal neurons in
. - o ’
response to host plant volatiles and to pure tefpenes were

.-
. '3 N » .' ’ ~ ’ ' - \
obtained, allowing confirmation of the olfactory function o& —
. ) . (91 f M .
. . ' * :
some receptors within the antennae.. . ' Y.
.- ' . . '
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.- MATERIALS AND METHODS ,¢f

.

Behaviour:

”
. a

Experimental animals:
f . -

? .
.

Post-diapause second jnstar larvae of (Choristoneura

fumiferana - (Clem.) were .obtained from the Forest Pest

ﬁaqagement, Institute, Great “Lakes Forest Research Qenteﬁ,
Sadit-Ste-Harie, Ont.. . Before being tested in the
olfactometer, animals were ma}ntained_on gauze for 0-3 days
at 4 C withdut food or water, and were then fed for 24

hours at 28 °C on an grtlficial diet (McMorran, 1965). Only

healthy animals were chosen for the tests. Larvae with a

éhafépteristjc pale colour,. that were feeding and moving
normally were considered healthy. Animals were used  only

once in tests. ;\\;\ o _ .
Lo

Odour source:

_

Y . _ .
Foligge samples of white spruce (Picea glauca- (Moench.)

*‘Vgés), balsam fir (Abies balsamea (L.) Mill), 'red spruce

(Picea rubens Sarg.3,,and black spruce (fiﬁea mariana-(Mill,i
B.S.P.)) were collected from the Maritimes For?st Research’
Centef; N.B. on Juge 23,: ig%l, and on June 15, 1982 at a
time when larvae were in their fifth and sixth instars in

the field. Foliage was also collected on June. 6, 1983

- > T - 3 : . . '
when larvae in the field were in their third and fourth

»



instars. All samples were obtained from the mid-crown level

T L)

of each tree. The ‘current year's growth and the previous

‘ year's growth were piaced in separate'séaled plasti bags

over dry ice (fgr transport), then stored at(-18°C iié the
laboratory). Four needles were used as a sample in  the
biocassay chamber; thesé were left at room temperature for 5
minutes prior ‘to the commencement of the assay.' Needles

were replaced each hour.

Bioassay: ‘ ’

A diagram of the olfactometer used is shown in' Figure
w oo . : :

1. Air .‘flow was controlled with a tap for coarse

adJusiment, ~and uiih a veqk(clémp for fiﬁe adjustment. Tge
aif was purified by passing tgrough a charcoal filter (A), a
‘Arierlte f;fter "(B), a gas purifier inciuding. a second-
’drYgr{Eekgilter ZC); aﬁd a molecular sieve (D), fallowed by
a gas washer (E) cortaining deionized glass distilled water:
This - provided..a;r A wi£h a coﬁstanéf purity, relatixe

Al

humidity, ‘ard :an ambient temperature between 20 and 25 ‘C.
. - .

This ~ air stream ‘Qas divided into two equa} parts by .a
polypropylene Y-type coﬁnchor, and its flow was Tonitored
’by' Roger Gilm?nt ® flowmeters (F). Flow rates were
controlled By ‘me;ai“ glamps'bn plasiic tubing of 0,3 cm
diametefL ~As a control, the positien of the Y-tube Iﬁas‘
randomly (Sokal & Rohlf, ;lggQ)’switghed (right or left
ne“side); The the air flow was deferminéd‘by the position of .
the Y-tube. | The Y-tybe was‘eﬁcaosed in a black plywood box |

0
J




N

and 1illuminated ‘through a light diffusor by . a fluorescent
light source (G). Air descended into the two brahcﬁag of

the tube at a flow rate of 175'ml/min wiéhzg Qelocity of 614

¥ ) . N € . i
cm/min  (the diameter of the Y-tube was 0,6 cm), ., after
' N . ¢

passing through polypropylene joints (H) glued to the tube

with epoxy resin. These joints held 'a layer of gauze (H)

which was’  changed after:every hour of ‘use. The gauze

supported the foliage saméle (1). 1In this manner, the larva

‘could not contact the foliage directly. The élass Y-tube

(K) held within it a Y-shaped copper wire (L), on which the -

insects were allowed to crawl. Eight such -tubes were
. o

con;tructed and each was EesEed‘ for bias. (Bias wéé

assessed by observing whether 20 larvae, when individualiy

prgsente& with an air/air choice, displayed prefeiencg for

one brancly of the tube over éhe'other.) Tubes in - which

randomness ‘of direction was observed, were used in

experiments. All odourous air was carried away in a 0,7 cm

]

.Tygon tube to a fume hood in order not to expose future

experimental’ animals to test odours.

To speed up the bioassay, this olfactometer \Eystem
L - 5

takes advantage of the fact that the larvae are positively

- phototropic and negatively geotropic. Since the Y-tube is

in an upright position, and the apparatus is lit from above,
the larva's progress is hastened. ' L
Insects were transfered using a paintbrush (to awoid

idjury to their delicate cuticles) onto .a straight wire from

.

10
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Flgure 1. . Schematic diagram of olfactometer. A,
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" filter, B, drierite filster, C'& D, gas purifier,
_E, gas washer, F, flowmeters, G, light source, H, .°
" joint, I, follage, J, gauze, K, Y-tube, L, copper .
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which' they crawled onto the 0,1 cm diameter wire withiﬁ the

olfactometer. The ‘test ‘began when the insect was one

L]

centimeter from the bottom of the latter wire, and ended
/

/Qhen the insect had crawled one centimeter past the junction
/' of the "Y". The Y-tuhe was then inverted, and the insect

was allowed to crawl out. The time to complete the test

4

was noted, as was the larva's behaviour during the test.

v

Contingency tests were applied to data from different

sessions.” If the Chi-square value was non-significant, data
sefs were pooled. Values obtained from foliage collected at
"different times of the year were alsé treated: this way . The
data were interpreted using a-éh§< square test with thg null
hypotﬁésis that the air stream choice was random. ?%us,

odour preferences were esqablishéd. 'For all chi-square

¢

used

!

tests, Bate's correction for spall sample sizes- was

(Sokal & RohITS 1969).

ngubés \ were ' cleaned after éééh test,: a;d cé;e was
taken to reﬁéve all silk produced by the larva.
‘.Ablation:- ' ' | o . ‘,.
.. Insects were individually anqesthetized\Eith‘carbon
‘diox;de at room temperature and m;unted with their &orsal‘
side downwards on a copper gtqdnd wite!, 1 mm in diameééf;

L embedded‘.iﬁ a block of plasticine. Three fine tungstgn}‘

:

"elips", 0,1 mm in diameter, held the ‘insect's head, thorax.. .

and épdomen in place without any, épparent damage to thwfe
’ . . ;o

S P
- .




structures. The  cauterizing electrode, held by a

micromanipulator, was a tungsten wire, electrolytically. \§a*
. he S

sharpened in a potassium nitrite solution to a diameter of %

-

1-2' pm. - Using a foot switch, a potqe:ial bf 9 V was appligd

across the insect's antenna or mouthpart thus ~completely 4
obliterating the structure. The hole created was rapidly, \\\
plugged Q}th coaguiat{ng heqolymph. The 1insects were
allowed a recovery period Pf 24 ﬁours with artificial ‘diet
(Mc&ép;aﬂ;_ 1565) at 28°C. The performaécé‘of t%ese insects ' ‘ﬂ
was then gbserved in- the olfactometer where their preference

for new white spruce needles over air was assessed. ' Right

or }ef%%antennae, both antennae, or both maxiltary palgs

were raf®ved from 230 insects. (%E9’data were interpreted in

the same manner as for the bioassay described above.

Morphology:

‘ [/-
. ’

Ll : o

Light mitroscopy: \ . s

R

The innervation of the antenna was studied using a
. Fé -

modification oﬁ the methylene blue yitall stain method
(Zacharuk, 1962). Second star larvae were held on a glass’
microscope slide with a thin ribbon of Scotdb braﬁd Magic
Transparent tape (TM) placed over the abdomen. Glass . .
mitropipettes, cut witﬁ a diamond knife to a diameter of 20

pm, were used to double inject 1 pl of 2:1 2,0% methylene

blue in 0,75% NacCl. To preveht excessive bleeding, ‘ '
injections were made through the intersegmental membranes |

14 ] 0
T — -



ve .
< . - - : )
. \ %
:

- . " |
into the region of the dorsal aorta. Insects were kept at

4 *C for 30 min between fnjections and then placed errnight"
¢ ’ ) oh ‘

in a saturated aqueous solution of ammonium ~molybdate at

4 «°C, dehydrated to 100%Z ethanol, cleared in xylene, and:
R ¢
mounted ih‘Permount (Fisher Scientific Co.). Wholemounts

. , , .
were observed under'oil immersion with a Leitz microscope at

" 1000 X.

.

To rapidly detect any porous sensilla on "the body

Bouin's for ,at leasffza hours, wkre immersed gnygézrﬁff{ﬁe

<@ .

surface of thé budworm, live material and insects fixed in

following aqueous stain solutions: (Slifer, 1960) saturated
. X N

acid fuchsin, 0,5% crystal violet, or saturated nigrosin
) < .
solution for 10 to 60 minutes. Stained material was then

cleared in distilled water, heat dried‘at about 80°C for 2

]

. min, and mounted in Permount. - The heating step caused

the separation of underlying tissues from the endocugicle,
but this phenomenon didﬁnot hinder the viewing of the stain
which had entered the sensillé.. Phoiom}crographs weré\taken
immediately, ‘as.these stains, especially acid fuchsin, fade
Qith time. ! ' .

Insects fixed in £OZ formalin (Fisher Scientific Co.)
were pérfused'with glycggol‘ dvernight, then mounted in
glycerine jelly.” This is a technique ghapted from Slifer
(1968) * and it ephapces the contrast of the surface texture

of the antennal sensilla when viewed at 400 or iOOO X.




~

Electron microscopy:
. The following technique was used to provide good
—specimeﬂs for scanning electron microscopy.

Live insects were placed in Rinéep's physiological
saliné for 15 minu;es, then dehydrated in 'an' ethanol series

in Ringer's solution (30%, 50%, 70%) for 30 minutes each.

" . This step killed the insects and ' prevented further

regurgi}ation or silk production. The insects were then

rehydrated back to Ringer's solution and placed in a warm
10% acetic aéiddgﬂution in Ringer's solution at 40°C for 5
minutes. This process, has been shown to remove extraneous

material from pollen (Kapoor,. personal communication) and

appeared to do the same to the larval body surface. After

~three five-minute washes in Ringer's solution, the insects

. .

were placed in a warm, 1,0 %, potassium hydroxide solution in
Riﬁger's solution for 5 minutes at 40 °C. This bleaching

step presumably removed the material left behind by the

acetic acid.  Following three more. washes in Ringer's -

solﬁtion, the 1insects were transﬂsrred to a'concentrated
protease solution (40 pg/ml) (Dyer et al.,' 1982) for 20 min
‘at 25 C. This step removed the pfo;einacequs coating
secreted through the pores onto the sensillar' cuticle.
Following three washes .in Ringer's solution to terminate the
enzymatic reaction, thg insects were once again placed 1in
warm acetic acid to remove undigestéd' protein from the

sensilla. .Care was taken in the above steps not to allow

16
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the ’in§écts to float.  Those which did so| were discardeqd . g

since they may~not have been 1mpregnated wlth the bathing’
. ' - .
solution. In all solutlons, the specxnens wére shaken very .

gently, as the cuticle of the antennal sensilla is.extremely °
$ \ ) ’

delicate. Sonication should- be avoided a5 it always caused
the breakagé of theﬁﬁﬁticle;‘ o Co

.,.‘J‘. - B
“~ . o

JE= e

e

After three more washes in Rlnge; s solution, and a

H

1

slow‘dehydration, A&n an ethanol series in Ringer's solution, \\f
(30%, 50%Z, 70%, 90%) the Speciméngiwerg pla;ed"ove:glgp; in

a 1 32 2-d1methoxypropane : 100% ethanol mixture at .4 ‘c, )
acidlfled with a 51ng1e drop of 25% ﬁ&l. This was the

. fixation step "and was preferab}g to thé_ moré\ graditignai
gluteraldehyde/osmiun . tetroxide fixation due to its speed:
gostv , and Telative safety.’. It is also the only “kno
fixative to readily penetrate insect cuticle (Bjerke, 1979). ) '
Iqsects were then placed in three 1062'acetqne washes for 15
minutes. This stép was optional since both “facetone and
~ethanol, 'the products of the fixation reaction, are readily
miscible with liquid carbon dioxide, thé exchange agent in

the critical poi;t drying step. 'For this purpose, a Polaron
Equipment Ltd., England model # E 300-11 ‘critical- ﬁoint T
drying unit was used. This step waé occasionagly replaced J
by simple ‘air drying of specxmens from pr%? lene oxlde. s
Both methods for desiccating the antennal sénsilla. yielded
satlsfacory results, though critical peint dry:ng maintained

the * complete body shape and prevented the shrinkage which

©



pedicel.

. . T 4

.
o A

occurred in a small percentage .of sensilla on air dryed

—

specimens. Specimens were mounted on a stub winh/ sticky
tabs, coated with a 10 nm layer of gold using a @putter

system E-5100 by Polaron Equip.

gf@., England, and viewed
with a Hitachi S$-520 scanning elettron microscope. Polaroid

electron.micrographs of significant preparations were taken.

P P 8

Electrophysiology: . '; . ﬂ:L«

Unfed larvae were sephred to a glass microscope slide
with three ribbons of Scptéh brand Magic tape. Such
individuals femained alive for over 48 hours agd‘could later
be removed and reared to ‘matyrity. IElectrodes were tungsten
wires, electrolytically sharpéned in a p;ta§siym n%:rite
squtign td a tip diameter of 0,5 to 1,0 um. The grouﬁd
électrode was placed anterior to the intersection of the
frons and the twq %ertiées. The recording éiectrode')was

inserted in the medial portion of the base of the ‘antennal

3

-

W Pure humidified air was passed over the preparation at

a flow rate of 250 ml/min. Stimulation was achieved by

injecting 10 ml of air into the system from a syringe

. containing™ 10 needles from a host plant or 1 X\ of pure

monoterpene on filter paper. Stimulation lasted
approximately, 3,0 seconds. A light vacuum close to the
preparation carried resid?ai odourant molecules fo a £ ume
hogd. ’ S . . - “an

LS ‘ N T

iy
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»

\

The a.c. signal produced in respopse to the stimuli was

3 > . . .
recorded , on magnetic tape and filmed for permaient storage. ’

Action potentials were separatéd according to amplitude into

8 classes. The frequency of each class wds'angijged.°,
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' / RESULTS | SR
.. ¢ Behaviqur: T ' -
# . , ' , ’
"\ The most common behaviour exhibited .in the olfactometer
. by the.errJee (1) .was a persistent crawl with moderate
’ { . spiralling around the wire on the way up. Thie was followed

’ N -
' by a rapid choice of direction at thHe junction of the -Y.

The 1nsecg'crawled up the chosen ‘branch more rapldly than it

-

did the stem. In addition, ‘'several combinations of

exceptional.émhaviours were displayed: (2) larvae exhibited
s

- ' ‘ \kllnotaxls* at the Junctlon of the Y (3) 1larvae exhlblted
o kllnotaxls '0,5 to 2,0 em below the junction of the Y; (4)

' larvae crawled down the stem of the wire and. then back up f

F / )

w1th1n 0, %5 to 2,0 ¢m from the Junctlon of the Y; (5) larvae

crawled, up the wire in a tightsspiral; '(6) larvae crawled

up one brangh of the Y for a few mm, then came down and

went up the ogbef/;ide (this behaviour was interpreted as a
- ' ’
revealed that larvae which exhlblted this behaviour usually
chose the same ‘odour stream as the majority ofsinsects
e« ‘tested); (7) larvae began to crawl up the wire for a short

while,y but then crawled back down, thus not completing the

™ ‘ 0
. ¢ test; (8) larvae crawled all"the way up on one side of the
- : . ,
'+ % Klinotaxis is a reaction to a stimulus in which regular
ymmetrical deviations. from a stfaight line’ are a
necessar¥ part of the orlentatlon mechanlsm (Fraenkel &
Gunn,1961.)
- v
~— @’ : . " ?
\ .
' 0 20
o ;o N
v
K - . e S e woea o Wraas  cant s e
: /

Y'correction" of the first choice: analysis of these results:



wire and were thus never presented with a’ choice}; (9)

latvae crawled very slowly, with many pauses'on'the way up;

(10) larvae eghibited klinotaxis after passing the junction

s

of the Y; (11) lngae"exhibiteq circus movement, where they

moved in a circle for at least 15 minutes.

The percentages. of the total number of larvae tested

VoS

which exhibited each of these behavioural sequences is -

presented in Table 1.
Preferences: ) ’

Table 2 outlines the choices made.by the second instar

larvae in the olfactometer. Foliage collected in early June
, N :
yielded the same results as foliage collected in later June.

.

A significant preference was demonstrateq for the host tree

volatiles over air alone (Lq. # 5, 8, 9, 11, 12,‘15, 14, 15,.

~

16). New white spruce was preferred over new red or black

spruces (Ln. # 3, 4); new balsam fir was preferred over new

. ’\ -

v
v

‘ . , A »
black 'spruce (Ln. # 7). New foliage was usually preferrgg

over the old foliage from the same host (Ln. # 17,.18, 20).

i

Table 3 is a compilation of the mean times taken for, at -

ledst 40 insects to complete the test and the' length of time

taken for each choice to be made. There was no significant

»

.7 ' -
difference between the times taken to complete the test in

the presence or absence of an ddour source, as,determined by

. 4
confidence limits set using the Student's t-test and by ' a

.
L3

one-way analysis of variance. =~ 7 -

-

>
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. Table 1. Behaviour exhibited by s@tond instar larvae of Choristoneura
' .fumiferana, expressed as a perdentige of the total number
. of insects tested. . Refer to results section for detailed

0’ description of .behavidur.

a '

. , .
‘} of Total Insects Treated

o

Behaviour* . intact 2 ant ~left ant right ant 2 max palps
. Co . . off . . off _ off , off
.7 (om681) (n=53) . (n=22) = (n=29) (n=60)
. ] " N " ' ' . 'i. \.' . N ' |0
', 1 56 15 0 7 s 3
D . v - ’ , ‘ . ted
2 18 .23 32, ., ... .14 e 112.
'3, 21 . 40 W1 el .22 .
* , . ' i} : . t ..’° . T ) " ’ " q'
t ] 4 - 16 8“‘ . 9 . 7, . 20 _
5 ¥ 7 9.. ., 4 3
/ . " -: [
3 6 12 7 .36 20 8 .
T 2. 7 9 - 31 67 : :
A
. .8 2 0 0 4 0
H 9 2 11 5 4 10 \
: 10 1 4 5 0 3!,
. ' 1t - -0 ) 0 0 R I
- . . . i ' ' ‘
Lo ' \
] (1) Most commou behaviouf (2) klinotaxis at :he Y; (3)
) xlinotaxis below the Y; (4) crawling down then up; (5)
, - ‘ piraling, (6)'up one branch of the Y for a few mm, then up the
other branch; (7) unfinished test; (8) crawling all the way up.
‘on one side of .the wire; (9) slow crawl with pauses; (10) )
klinotaxis above the Y; (11) eircus movement. . ’
__73.;,'— f . M .
N.B, Some insects demonstrated more than one .type 6§ behaviour .during
,‘ a test. ‘ L . . . : .
' [ ‘ y - { ' ‘K \' . l . ’ . o ' .\"?/ ‘n/:;
) - 22 ., - ’ :
.- - ) V T . i i ‘
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Table 2. Results of olfactometer tests with 'secom_i instar larvae of
Choristoneura fumiferana. .
& L ' - ' “ ’ z
R | . ¢ Chi-square ,
Chotce, £ for P2 Preference
Il II III . . I II IIT ', ~ I and II
' 9 1 . ‘ ' : . ‘ L
‘A B . X 53, 48 6 - -:.0,26 e " none
- WSn BFm" " 21 19 2. 0,12 e none i
"WSm  RSn " 28 12 2 “ 6,42 c’ I
WSn® BSm " 28, 12 7 6,42 ¢ I 8
-WSm  air 7 30 10 - 1 10,02, a I .
BFn RSn "~ - *2 1& 5 1,62 e. none
BFn BSa - " . 30 10 2 10,02 a T
* BFn air 32 ' 8 4 14,42 a 1
" BFa* air 17 3 4 9,85 a 1
RSn BSn - 18 22 2 B 02,50~ e none
 RSH air " 31 9 3 12,12 2 I
oy o L . . .
BSn alr ™ 3" 9 2 12,12 ©a 1
WSo air " 15 5 2 5,05 ¢ I
BFe air,6 " 177 3 1 9,85 a I,
RSo -air . .17 3 4 9,85 -— a |~ I
BSo "air R ¥ 5 2 5,05 c_ I -
. . ‘.
§Sn Wsa * 16 4 5 +7,25 bo . -1
BFn* BFo* " 16. 4 6 7,25 b I-
RSm RSq " - 14 6 3. 3,25 e . none
BSn BSo v 15 S, 28 5,05 ¢ I
. . &' ‘ﬁ'\*"_“ . 3 ) b
R L - 272 308, 65.° 2,23 e none
BF= balsam fir;'BS= black spruce; RS= red spruce; WS= white spruce.
R= right; L=. left, Co. ‘
n= current year's grovch, o= two-year—old growth.
*= foldage collected June, 1982, all others from 1981 and 1983
collgction. -
1~ larvae did oot coumplete the test.
2- probability values: #4<0,005); b(<0, 0l); c(<0, 025) d(go 05);
o~ e(0,05). ) ,
_ Chi-square statistics: d.f.= l..°
1 :#" -
23 4
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“i"able 3, ‘Mean times*(min) tak‘eﬂnw for completion of olfactometer tests by
. second instar Choristoneura fumiferana in the presence of
odours or in a pure air stream. Confidence limits were set
using Student's t-distribution. - ' '

» ' :

’ ‘ ) L ) ‘
a' ; . . Choice ‘ . I .
- ' I II ©n mean time 95% C.L. 0 mean time: 957 G.L.
° : : > (min) | - (min)f
o air air 53 . 2,12 1,60-2,64 | 48 1,85 1,d5-2.25
wsn air' | 30 1,67 1,38-2,66 | 10 - 1,45 - .1,07-1,82
, .BFa air 37 1,79  1,43-2,14 | 8 2,20 1,37-3.02
RSa alr |31 . 2,02 1,62-2,41 | 9 . 2,36  1,41-3,31
. BSan air | 31 ° 2,00 1,75-2,45 |'9 . 2,16  1,23-3,08 °.
f ) "n’
-
WSn = 1987 new white spruce D ..
BFe = 1983 new balsam fir . N T
RSn = 1983 new red.'spruce . * o e ‘ -
BSn .= 1983 new black spruce . S T T
95%2 C.L. = 95% confidence limits. A A .
'ANOVIR statistics: F'(A-. 257)= 0.9; :(not significént); o )
, o L
o . " .
N N - ¢¢" 1
* - e
f; [ ' .
R
1] .’
7 “" / s
24
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» )



* 1

Table 4 summarizes the choices made by insects whose

'

antehnae or maxillary palps were ablated. . Insects with both

‘antennae ablated no longer discriminated between host
> '

«vaiatiles and air. “Those with unilateral ablations of
antennae or those with.their ﬁaxillafy éalps removed
still oriented toward their host odours, with the exception
of the first ablafionfgxperiment' pn' the left 'aniéﬁqa.
Insect; ith unilaterd]l ablations did not orient ‘their héads
in a consistent patlern. They wvere capabké of finaing their
‘hosts whether their intactrantenné was positioned towards or,
away from the odour ‘source. |

-

The data from the first ablation experiment 6n the left

’

dnteqra may have been due more‘fo.faﬁlty ablatiqn,technfque

than to a true lack of preference.. Early ablation attempts

were often done repeatedly to burn off the entire antenna,

and the electrode was often inserted .too deeply. This may

2

havé resulted in damage to the central nervous system and
accompanying behavioural abnormalities. ' A repeét of this
experiment indicated that the larvae could indeed

9

discriminate.

Table 5 presents a comparison between the mean time .

for intact insects to cHﬁ@ie between new white spruce and a

0 ’ Iy N
plain air stream, and for insects with ablated sensory

organs to complete 'the same test. Insects  which had,

undergone an operation were slightly slower 'in making

Y

decisions than were intact insects, as determined by

confidence limits set using the -Student's t-test and by a
At o
25 | 3



Table*k Resulcs of olfactometer tests with second instat larvae of
Choristoneura tumiferana with ablated antennae and
maxillary palps. .

2

L

. treatment frequeﬁé& of © Chi-square for * preference
: choice " WS.and air ’
WS air X .
2 anc. 22 18 13 . 0,50 . & . none
ablated = . o
left ant. 8 12 18 0,85° - e gone
ablated - ‘ . -t
.. right aat. 15 s 9 . 5,05 b s
. . ablated . e ’
2 max.palps 7 3 40 - M9;85 “a ws
ablated . : .
left ant.” 15 5 2. . . 505 b WS
ablated = | A . l T,
(tepeat) ! Ty ‘
- <
8

~
1

' WS= white spruce foliage.
X = in¢tomplete test.
* = probability values: a (<0,005); b (<ﬂ'01), ¢ (£0,025); d (€0, 05),
' ‘ . e (>0,05).
., Chi-square gtatistics: d.f.= 1. -
, N

- v

. v '
. . . - . 5
. . L " B

26
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Table 5. Mean times taken for the completion Qf olfactometer tests by
second instar Choristoneura fumiferana when presented with new

white spruce or air following ablation experiments. Confidence °

limits were set ‘usihg Student's t-distribution.

v

‘, WS - ' air .
 treatment n  mean time 95% C.L. n meantime 95ZC.L.
(min) , (min)

intact 30 1,67  1,28-2,06 10 1,45 1,07-1,82
2 ant. |, 22 4,80  4,19-5,41 . 18 3,55 2,92-4,18
ablated -
left ant. 8 3,46 2,90-4,02 12 2,58 ' 2,06-3,10
ablated . ) o7 .
right anc. 15 . 3,63 3,07-4,18 S 2,21  0,09-4,33
ablated : '
2.max.palps 17~ 4,15  3,83-4,46 . 3 6,37 3,70-9,04 .
ablated ‘ o |
left: ant. 15 2,71, 2,48-2,94 5 2,50 1,72~3,28
ablaced . e
(repeat)

WS = new white spruce .
95% C.L.= 95X confidence limits’

! ,lv +

/ N .
ANOVA statistics: F (4, 135)= 6,27; p ¢ 0,005.
AN

27 ¥
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one-way analysis "af variance. There was no significant ~

difference between the times for one group of insects to

choose either air or white spruce (Téblg 5}.
Morphology of the ‘antenna:

Direct microscopical observations:

~

Larval antennde 1in this species are located on the-

vertices of the head, just medial to ‘the five 72e11i. In
the second instar, these retractable appendages are
approximately 125 um longi . The antenna is composed of the
foilowing segmenﬁs (Sée.Figurg 2.) . The scapg;is ‘a  very
flexible and mobile structure 17 pm long) and 35 pm at its
proximal and yidest eéd and apéears to bedr no ‘cﬁéyosensofy
structures. The pedicel, a segment which is 30 pm long and
18 pym wide bears a great number of sensilla. —The mogt

prominent 6f these is a hair, 80 Mum 1ong: Medial and dorsal

to this hair is a large thin-walled sensillum basiconicum,

w12 um long. Medial to the large hair is a smaller sensillum

basiconicum 7. um ‘in length. A few campaniform organs and a

variable number of hairs are present on the pedicel. The

medial portion of the pedicel supports the flagellum, which.
+is 26 pum long and 6 um wide and, bears ' a sensilum

styloconicum 5 um long and 2 ym wide, ™ihich has an 11 Jm

long peg. Lateral to the styloconicum is an elongated

- ‘ . -
sensillum ° basiconicum 8 um long. This is sometimes

accompanied by a second stout sensillum, the length of which

28
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Figure 2. Proposed inpervation of the antenna of a second

instar larva of Choristoneura fumiferana as
defined by methylene blue staining: (a) the cell
innervating the small mechanoreceptive hair (mp)
on the pedicel (p); (b) the cell progeeding to
the .large tactile hair (lh) on the pedicel; (c)
the. group of cells leading to the large
sensillum basiconicum (1lb) on the pedicel ; (d)

the group of cells innervating the small -
sensillum basiconicum (sb) on the

pedicel; (e) the group of cells proceeding " to
the <ensillum basiconicum (sf) on the flagellum
(f£1); (f) the group of cells leading to the
sensillum styloconicum *(ss) on the
flagellum; (g)° the <cell 4innervating the
mechannoreceptive hair (mf) on the flagellum;
(s) the scape. '
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‘Water-soluble staining of sensilla:

?

i ~

¥

is wvariable. A sensillum-trichodeum rests medial to the

styloconicum.

Apparent sizes of most of ‘the antennal structures. are-

4
0

subject to wariations due to changes in hydrostatic pressurvé

and muscular actiwity within the anteﬂna.&hich causes the

"telescoping”" of the antennal segments.

.,

Methylene géue stain: -~ | \
L The ‘antennae were 'aiwéys the last of the head
appeédages,tb stain. For‘tﬁis reason, no one prepgfatiqn
offered a view: of the complete inngrvation of this
structure. A composite diagram (Figure 2) was made from
informatiqn gathgzed from 100 wholemounts, some of which
are 'illustrated in Figure 3. The cell body clusters were

clear, but the representation of the cell processes (axons

and dendrites) is only tentative. J

- I3

N

-

© ) & )
Water soluble stains entered any broken .structures

freelx&Jand care had to be tgken not to intérpret these as
natural openings 'sn a semnsillum. Tﬁe best = gulté were
obtained with crystal violet and with acid . fuchsin. ese
faintly stained the three sensilla b;siconica on the
antennae, suggesﬁing that these structures have multiporous
surfaces as opposed to - the intensely staininge. contact

‘"chemoreceptors which have a single largq apical pore. Such

results support the conclusions made by studies of

-
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3-30

3-4;

3-5 & 3-6. The dendrites (d) proceeding to the
» sensillum styloconicum. (X 1000)

Figﬁ%e 4,
‘0"'1 .
4-2.

4"3-

2 .

Light micrbgraphs of spruce budworm aniennae,
methylene blue staining. ‘ e
A group of-cells (arrowhead) innervating the
large basiconic sensillum (1b) on the pedicel.
The dendrites (d) -are faintly stained. (X 400)

The 'cell body (arroﬁhead) of ‘a neuron sé&uds a.

process . to a hair (mp) on the pedicel. The
dendrites (d) in the large basiconic sensillum
(1b) may also be seen. (X 1000)

s

~The arrowhead marks the cell projecting to the

hait on the flagellum. (X 400) ‘

A éroup of cells (arrowhead) innervates’ the
sensillum styloconicum (ss). (X 400}
N

€ .
1\5 N
: ’,

’

' o . A, . N

Light micrograph of the sensilla basiconica on
the antenna of the spruce budworm, wholemounts
in glycerol. - l ~

kN

The texture of the large basiconic sensillum.

(1b) ‘on the pedicel can be seen. (X 400) -

The texture of the small basiconic . sensillum

.(sb) on the pedicel is enhanced in this
prepaiationﬁ (X 400) -~ .

‘The basiconic sensillum (sf) on the flagéllum
also has a texture suggestive of numerous small
&ore;. (X 400) -

-~

'..'O-s
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" Glycerol mounts;,

: ‘/
u ,. |

4

offhcxory appendages in other insects (Slifer, 1968).

\

B

;

Specimens mounted in glycerine jellyk confirmed the

fingings made with those perfused with water-soluble stains.

The sensilla basiconica appeared to have several poreé.
i

.

@
Careful focussing was needed to see the pores of the peg

g

<

surface (Figure 4)

¢ /j
. ‘ / : ‘
Electron microscopy:

indicate- that' “the sensilla basiconjca of this insect are
%overed'Qith/a<groteiﬂaceou5‘or possibly lipoidal secretionm.
With this layer removed, a pattern of slit-shaped pores

piercing the wall in the distal half of the sensilla was

b

disclosed. F&gure 5 is -a plate' of . scannimg electron
.o ‘

micrographs illwgfrating the cuticle of the three basiconic '

sensilla, the natural appearance of the smallér basicotiic

. . - .« C e
sensillum on'‘the pedicel, and a view of the entire antenna.

»

Electropﬁ&siologiéal studies:

The responses of a whole antenna to host plant
volatiles and to some pure terpenes found in these hosts are.
presented in Figure 6, . The sense cells in ng,antennai

. ‘ . .
respond Erequengly to most odourous stimuli which weére,

presented in this study. The largest action potentials have

a potential difference of 0,5 mV. Pure air elicits a-slight

response both in amplitude and in frequency. These results.

' . - 34

S
.

¢ The results obtained-from protease-treated ‘specimens’
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Figure 5.

Y

5-14

S>-2.

5"30

5"'5.s

5~6.

*

Scanning electron micrographs of the antenna of*

the, second 1nstar Choristoneura fumiferana.
Shows the entire. left antenna: - the scape (s)
suppotts the pedicel (p), the next segment is

the flagellum (f). Thre®e basiconic sensilld (1- -

3) aré found on the antenna.‘
r~ : Ve :

The large’sensillum basiconicum on the ped}cel
has been treated with protease to~ reveal its
surface  texture. Arrovheads - point +o the
moulting scars? - g
The sensillum basiconicum on.the flagellum,’when
treated with protea reveals slit-like pores

on the distal,half of its surface.

“The same sens;é;um is_ 1nﬁrequent1y accompanjed

by a stoiit nsijlum (s)  in early 1instars.
Pores are indicated by arrowheads, the moulting

‘scar by an ‘arrov. . .-

-

"The short sen51llum b351con1cum on the scape,

when, treated with protease, reveals nilmerous
pores .(arrowheads) on its surface. ’

1%  same short ‘sensillum basiconicum ‘on the
scape, without protedse treatment to remove its
natural coatlng, pores are concealed. Only a

moulting $cdt (arrow) is apparent. o
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the begining of these traces.

/ ) - - ' ‘
- o ’ ’ -
Represeniative single cell recordings from the -
antenna.of Choristoneura fumiferana., a; white .

spruce foliage, b: balsam tir foliage, c: red--

. 7 N
spruce foliage, d: black spruce foliage, e: +=--. \\*_‘——~
«pinene, f: - «pinene, g: + « pinene, h:. +- ”
bornyl acetate, i: + limonene, j: - limonene, k: -

+-. camphor, 1: air. Onset of stimulation is at -

‘

-
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were difficult to duplicate since we could not know which

lumen of 'the antenna had been penetrated:and tﬁgg from which

cells recordings had been obtained. "Neither ‘could -we tell.

" s ' SRR , .
how close the recbrding electrode was to a given cell; this
L . ’ ) 1
is, a, factor determining the size of the action potentials

recorded £r9m that neuron. For this reason, _Ehewfrequency
of total action potentials, ra;her than those of individual
action potential classes, was calculated and graphed fqrv
comparison (Figbre 7). * This data .was normalized with

respect to air. As a rule, action botentials were produced"

(S,

‘more frequently from the firs; insect than' from the other.
' @ v

two. In. all three prepdarations however, ' response was

N L3 . \ - 3
greatest to white spruce, balsam fir, and the racemic

-

mixture of «pinene.

.
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‘Figure 7..
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Frequency of total antennal nerve impulses versus

time (sec) for three insects when stimulated with

a: white spruce foliage, b: balsam fir foliage,
c: red spruce foliage, d: black spruce foliage,

et +-«pinene, f: -xpinene, g: +«pinene, h: +=:

bornyl acetate, i: - limonene, j: + limonene, - k:
+- camphor, '1: air. ‘
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DISCUSSION
A problem with this olfactometer system is that it
requires a considerable amount of time to perform the test,
-to remove the insect from_thé Y-tube, and then to clean the

tube. All of this however was‘requi:ed to ensure that

insects were fiot following each other's trails, and that

behaviour was not being influenced by the distrfbutjoh of

other previous insects within the olfactometer.
Within the olfactometer systém developed for this
study, the second instar eastern spruce budworm larvae were

able to detect odours sinte they consistently moved in the

¥ Sl .
direction of a given odour stf%;m. They also chose the same

hierarchy of volatiles as follows: new or,old'foliage > Sir;'

‘new .foliage > old foliage; new white spruce foliége = new

balsam fir foliage; new white spruce foliage > new red or

black spruce foliage; new balsam. fir foliége = new red

spruce foliage; new balsam fir foliage > new black spruce

foliage; new red spruce foliage‘-.ngw black spruce foiiage.

Che%ical differences have been found to exist between
the wvolatiles of spring buds aﬁd those of older foliage
(Qon Rudloff, :1972; Von Rudloff, 1975.) However, in this
study, behavioural data obtained from wusing foliage

o’ 3 . . . .
ts were in their fifth and sixth

collected when ~“thel

\

“instars -in the fiel® did’not differ significantly from the

data obtained 'using foliage coLlectéd when the insects were

42 ' ' "
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Y ~
in their third and fourth instars. R

i
-

it h?s been postulated, (Thorsteinson, 1960) that host
plant volatiles serve : as locomotor arrestants in
lepidopteroﬁs insects. The dataA from: the - olfactometer
experiments demonstrate that, 1in the case of the second

. * ’ .
instar eastern spruce budworm, host plant odours induce

’
1

positive chemotaxis. It is worth noﬁing in this context
jthat there was no‘éignificant'aifference in the timé taken
to complete the test in the presence or absencesof odours.
It was also observed that, afier the junction of the Y, the
insec¥ crawled more rapidly. This phenomenon may have been
due to the reéultant decrease in air flow or to the fact

that the insect was exposed to an air stream from a’' single

sample. Olfaction thus appears to hélp orient the insect

towards its host. .At higher concentrations, the host odour

may act as aprarfestant. The inseq} would then siop to
feed, having reached its goal.' Experimen;g using high
volatile concentrations in time;releaSed plastic caps could
be performed ;n ;his olfactometer to test this hypothesis,
though it 1is ﬁLikely that the léaf-related tactile and
gustatory séimuli ‘are  also necessary to fully inhibit
locomotion. -

. In 'the'field, a.second instar larva fiﬁding itself‘on

an 1inadequate host, can disperse by '"ballooning" (Shaw &

Liﬁtle,‘ 1973), that 1is, by suspending itself on a silk

thread and being carried on the wind. Olfaction may play a

. 43



I _
# o N

" .role in the orientation of the larvae during this period.

’

It was. observed, during the course of this study, that the
larvae can shorten their silk thread, by ingesting it. The
odourous environment may influence the insect's behaviour in

lengthening and shortening the silk during ballooning.

Y

During this dispersal périod, wlarvae.of the spruce budworm
are subjected to a high mqrtalify rate‘ (Miller, 1958).
Since olfaction may play a significant role’in the dispersal
of the second instar iargae, an understanding of this

sensory system could contE;Bute to the control of .this

)
4

pest's population. k

{

Once the  ablation ‘technique was perfected,

£
' cauterization of the whole antennae or ‘maxillary palps did

a

not affect the vigour of the larvae. These still actively

searched for food K and when fed on artificiél mediuml

developed at a rate comparable to intact inSects. Insects

from early ablation trials taok longer to complete the
biocassay than intact insects.: Later studies, such as the

*

"left antenna repeat', showed no significant increase in the

time taken by operated insects to complete the test. The"

series of experiments using ablated maxillary palp insects
show an increase in the time taken go complete the test.
This ' phenomenon 1is not surprising as the palp ablation
operation required more handling.

The data from the ablation bioaésay were as follows: no

odour discriminaton by 1insects without antennae, odour

discrimination with unilaterally ablated antennae, and no

44
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effect on odour discrimination with amputatibn of ‘the
maxillary palps. These results indicate that the olfactory

receptors responsible for a directed response to an odour

u

source are all located on the antenna.
Although no sham~-operated insects were used in ablation
trials, the fact that insects with both maxillary palps

removed and those with unilateral ablations_  performed as

well as intact insects indicates’that the operation jitself
has no effect on the ability of the larvae to discriminate

between host-plant volatiles and pure air,

The  behaviour exhibited by operated larvae  was

essentially the same as that of intact animals with ‘the

following exceptions. Idsects with either ome or both-

antennae. removed showed significantly more  klinotaxis on

their way up the wire.. This behaviour <could have been

} - N 3 - - - - ' ‘
predicted, since it is associated with 'a loss or a decrease

in the concehtration of the'stimulus (Eraenkel  &. Gunn,
1961). In these bioassays however, no actual concentration
changes were occurring. Insectslwhich undérwent removal of
olfactory chemorecéptors merely perceived Aconcentration
decéeases. - Insects Qithout. antennae . we}e constantly
"ééarching" for some olfactoryhdue and insects with qﬂe
antenna ;ere subject to a greatér number of perceived
concentrqﬁion fluxes, since they did not have their other
antenna which contributes to the determination of their

-

position in the air stream. Also, insects with no antennae

»
’
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o

‘exhibited less of behaviour # 6 in which insects crawled up

one branch of the Y for a few mm, ana'tﬁeﬁ came back to the
\ N ‘ . ! . . \ . ‘,I
junction to go up the other side, Insects with qne antenna

displayéd quite- a bit more of this behaviour perhaps

owing to a loss of directionality. ,These results support

‘

the thesis that budworms "smell" with their antennae. The .

pausing: behaviour (W9) was observed sllghtly more often ‘in
insects without antennae. Thi; is in complete agreement
with the proposal thet~host plant volatiles:induce gositive
chemotaxis. Bhe. antennae of second inetar

Chorlstonepra fumiferana closely resemble’ those of the later

k4

,instars (Albert & Zacha;uk,. personal communieation)athough

€

the dimensional proportions of the segments and of the

_sensilia differ. The pedicel and flitgellum” are more

-

elongated in the sixth instar than ;?/zhe second and the

three prominent sen51lla ba31con1ca (figures 5-F, 1-3) are

Pl

prqportionately larger in the second ‘instar. This suggests

4,
that these structures which develop early must be functional

at this stage of the insect's llfe'cycle, a pbenomenon which

is cdnflrmed by electrophysmologlcal results 1ncluded in
. e , . ’ %

this study. These sensilla are presumably utilized in the

.location of host plants, as suggested by the ablation

bioassays. ° The stubby- thin-walled , sensilla, ‘sometimes

v

absent in early ihstars, must have greater physiological

3
o

7’
are more promlnent and consistently’ present.

" The main problem with the utlilzatlon of the methylene

1]
o

I

impbrtance in those hore mature tndividuals in which they'
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., diffusion to transport the dye 'to.the antennal

Ll k! ".‘ -
& ,
T ' P Sl A
. .

»°°blue,injecti6n~technique on the second instar eastern spruce
3 ° ’ .

budworm, was’' the size of the insect and the resulting
difficulty iqv’}ocatihg the dorsal aortic region. As a
fesult,~pundreds”of unsuccessfully stained preparations were
discarded. If the stain did not rapidly peﬁeérate the

circulatory system, it simply diffused to all body tissues.

\(;_}1

pnly'llive nervous tissue oxidized the sta¥h differenpially,°

(See ' for eg. Zacharuk, 1962.) . The time §?quired for

‘erves is too

long for these cells to survive. For this reason, mounting

[

’ . €
the 1live heads on stain-filled pipettes failed to stain

these "neurons. 4

>
r

Though- .a ‘major artery supplies the antenna,k this area

seemed to be the last to stain. The reason
" >

phenomenon is unknown.

Refrigeraﬁion of the specimen at 4 °C between injections

appeared to prolong the %ife span of the stained . insect.

'

‘4 -

for  this

'

This, together w1th the double injection of the specimen’

yielded acceptable results. , '

The groups of pell bodies appear larger when these
proceed ffom dendrltes arising in chemoreceptlve sensilla.
Cell/Bodles which process 1nform§blon from what appear to be
mechanoreceptive - halrs' (that is halrs whose . artlculatlng
membranes are innerigted‘by dendrites, ,and whose surfaces
are not. apparently pierced bxypores) are smaliér and are

found closer to the Bése‘of these structures.’

47 ¢
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The observati&n of large groupings of cell bodies

proceeding to chemoreceptive serisilla is consistent witihry

work done on the sixth instar larvae by Albert &- Zacharuk

t 4 * ' ' 3
(personal . communicatien). In this instar, the large

sensillum basiconicum was shown in transmission electron

‘micrographs, to house 22 dendrites, the smaller sensilla to

»
-

posess 11, and the sensilla on the flagellum have &. Threa
. -~ d
cells innervate the styloconicum; this is consistent with

the results obtained in this study; the group of cells in

’

"the latter area is smaller than the groups leading to the

sénsilla basiconica. Due 'to the morphology of the

-

‘'styloconicum, 1its apparent. lack of pores, and its small

number of sensory cells, .this organ is not presumed to have

an olfactory function. The cell groups innefvatigg' ;hei

2

mechénoreceptiye'hairs/are the smallest., This information

-

‘coincides with the fagt that only one cell innervates ' each

¢ «

: . % ¢ . v -
of these hairs-on the sixth instar.. A

The choice of stains was inappropriate for thi} phasé'

"of the works Mallory-Heidenhain stains nefvdus tissue red,

but- it - also ‘'stains other structures, such as fibrin-
containing muscle, this same colour making differentiation
k ‘ )

. difficult -at times. .Hubsghman's Azan gives the safe type of

confusing picture, Neurons are stained pale lavender, a
colour not easily differentiated from the pale blues of the
cuticle, muscles and certain glands.

’
There exist more appropriate stains for insect nervous

:

tissdie such as the silver stains which stain the,soma and

[

48



. sensilla basiconica, when treated with crystal - violet or

<

'

\
< )
J

cell processes black, or the differential stains with nickel

. . \
and cobalt, the resultant colours bf which are ‘dependent or®

the concentrations of these salts (Sakai & Yamaguchi, 1983).

Though these techniques could yield information coq;erning.

P . - ' -
the position of the nerve processes within the antenna,

transmission electron microstopy (TEM) would further -

elucidate the .anatomy of this fstructu;e. lQltra-thin
sections ;ould ‘be:used to resolve the ultrastrﬁcture,/éf
elements such as pore tubules. »;A“TEM sfudy dould also
facilitate the localization and the counting of the cells
and their pgécgsses.u ‘

The appearance of .the pale purple or.pink cqléur in the

o
a

&

: A | .
acid fuchsin respectiVeL<, promoted the SEM search for

numgrous - small pores on the surface of .these ' sfructures.

Such an arrangemeht of pores is,highly suggesiiva of ' an

olfactory sensillum. ' ' ) Y

-

The. ~ sensillum styloconicum ‘did not stdin, ‘This

.phenomenon - suggests that this structure is not a contact

chemoreceptor. Albert & Zachafuk'(persoﬁalw‘éommuniﬁation)

have suggested that this sensillum is a thermo/hygro-

"

recédptor. . ' ,

The+ lack of stain in the long hairs indigates,'an
. e

. absenc®e of pores in these structures which suggests ‘that

they' éfé -solely mecganoreceptiye. They are probably

involved in the reception of tactile stimuli.’

A~ »
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" response to pure air was always negligible.

1972,

The glycerocl mounts show that the pores are distributed
on the distal half or two thlgds of tne sensilla ba51con1ca.
The slit-like appearance of the pores on these-sensilla as

in . the

seen light microscope was <confirmed by scanning
electron microscopy. L v
The electrophysiological work.is preliminary. It's

main value is that it provides definitive evidence that some

of the antennal sensory cells respond to odours. The

as opposed to mecnanoreceptor$ or thermoreceptors, are‘'most

likely to

t

represent the majority of cells, firing during

stimulation. Interestingly, among the,four host planot

odours tested, white spruce and' balsam fir, the  two

[ 4

preferred treés from the olfactometer experiments, yielded

tne zreatest response from tne chemoreceptors. The action

potenﬁials “in''the response to red spruce and black spruce

were fewer than those in the respcnsé to. the

hosts. it is possiffle tnerefore that tnese signals elicit

a

positive chemotaxig’benaviour‘ Qf course, one

ignore ' the possibility of iﬁhibitogy potentials, synergism
_sensory

T

or a very complex interaction among the signals
wnicn elicit olfac:b!@-meaiatec benaviour. {
It should also be noted tanat

¥a

+-«x pinene, the

constituent of the four nost ‘plant volatiles (Von 'Rudloff,

1975), elicited the greatest.response from all animals
. z ' .
Further stidies should be performed to

testec. assess,

both

Denav10urailj and
o :

phyéldlogically, if

Chemofeceptors,'

former two.

must not

major

~mixtures of



.

[

1
.

. )
monotérpenes cause interactions at the sensory leyel. Such

studies . could prompt a search for repellent cheﬁicals, or
'ﬁér a mixture useful in baiting éraps. ‘

’ | Twﬁ out of thﬂée {nsects gavé similarﬁrespoﬁse.bétterns'
t6 each given volatile, though the responée frequency was
consistently greater in one insect compaFed.to 'thel other
two. f%e action potentials obtained from the third inseqt
gave a totaily differenf frequency distribhtion than. the
other‘ two‘tEStéd, suggesting that ﬁhe generaiist cells in
’the d}ffefent sensilla respond in varying wafs‘to the §§me

-odour." \ . S

s

D

Since ' the cells innervating the three sensilla

Pasiconica are not all in the Same lumen (Albert & Zacharuk,

' e

personal communication), it wag difficult to obtain a

. consistent total aﬁfennal-fgsponse to a given odour.  The

L'y o . .
solution to'this problem would be to record from the base of

,each sensillum, but their small size in the second 1instar

would make this very difficult. ’

51



CONCLUSION * °

Y L

The multimodal nature of this study has contributed to
a greater understanding of the second instar eastern ., spruce

budworm's olfactory system. The behavioural tests first

i .
[]

prove that the larvée can detect and - discriminate between

the odours of their host plants. The'ablation studies show
LV .

that the, sensory organs respon51ble for the reception of
"these volatlles are located on tthantennae. The miqroscﬁp&
studies’ suggest that the sensilla ;esponsibleﬂ fbr this.
reception are .probably fhe\s%nsillaAbasiconica which bear'
* nurérous -small pores and'a{f innervated by several cells.

This would suggest, a. generalist nature of the odour

.téceptars. . Finally, electropnysiological studies

demonstrate that the cells within the antennae do respond to”®

host plant volatiles and to some pure' terpenes found in

. . N , ‘ 1
these hosts. .. . o .
3 n

» . ¥
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