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incr ea sed . hu t t h e tol e r a nce va ri ed to t h e low e r

le vel s du ri ru; 20 J,( c nc ra t io ns o f se lec t io n.

:l) T he F .. J,(cnc ra ti on se lec tcd w ith IW ;\IC

s ho w ed a 5,5- fold re s istan cc to Il l' 1\IC , bu t t h e

r es istance d id n ot inc re a se to (u rt hcr s e lcc t io u

u nt il 20 J,(cncra tio ns,

,I) l 0 c ha nu c in t h e L DJ • va lues to N AC wa s

Found d uring f ir s t Iive g enc ra t io us o f se lect ion

w ith NAC, Thcreaft e r t h e t ole ran ce to N AC

was s lig h t ly increas ed hy s uccess ive s e lec t ions ,

5) T h c LD ,;. va lu es to DN , DB a nd NB did

n ot c h a ng e s ig n ific a n t ly during se lec t ion for 15

ucncr.u io ns w it h DN , for 18 on es w it h DB and

for 2 1 one s w ith N il , re spcc t iv e ly . Wh en se lec te d

for 10 J,(c nc ra t ions wit h DB , t h e t olera n ce t o

d ia z in on a nd I3PM C ca used a bo u t 2- a nd 4- fo ld

increse res pcct ive ly . T he LD J O va lues to NA C

d id n ut ch a nge s ig n if ica n t ly d uring se lec t ion for

2 1 g c ne ra t ions w it h N B, Wh ile s m a lle r increa s e

II I t h e t olera nce to BPMC w a s found , but d eg r ee

o f t h c inc r ea se of tolera nce t o BPMC was low e r

111 th e se le c t io n wi th NB than t hat in t h e case

o f s uccess ive se le c t ion w it h BPMC,
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T h e currcc t t r e nd toward m inim iz in g th e use

o f iuscct ic idc s has led to an in cr ea s ed int c r cs t

in t h e us e o f in s ec t a ttra ct a nt s and ru pel le n ts for

pes t co nt r ol. C on t r ibut ious tow a rd t h e e luc id a tio n

o f t h c olfac to r y m ech an is m of insect s arc need ed

t o fa c il it a t e t h e find ing a nd ef fe c t i v c usc of

t h ese bc h a vi or -rnanipu la t ing od or ous c he m lca ls .

Rece n t ly , t h e trai l· fo llowi ng a c ti vi t y o f ext rac ts

fr om furur us-iufcct cd w ood a nd fun gus m y cc liu m

w as e x a m ined! ' . Res u lt s of t h ese s t ud ies s h ow ed

t h a t some ex t ra cts were a t t rac t iv c to t h e t e r m ite

Copiotermes [orniosanu s (S h ir a k i) , a nd th e o t h e r

ex t ra ct s w ere r e pc lle n : to t h e term ite .

Accord ing ly , t h c w or k to be r e port ed h ere is

a n a t te m p t to com pa re t h e e ffe ct o f ex t rac t

fr act ions on a n te nna ! r espons iv eness w ith w h ole

o rga n is m (be h a v iora l) r es pons iv eness .

Materia l a n d Method s

T h c w orker t crm i t es Coptotermcs for niosanus ,

bred in t h e la bor a tory , were used .

* Plcasc adrcss co rr es pond e nce t u H. M at s u o

Elect rophys i01og icaI PYl'IJtJ rat i0 11:

Th e an te n na ( F il(. I ) o f t h e l i v ing ins ec t was

fixed mcch an ica llv w ith wa x s o th at r ecord ing

w a s possi bl e w ith c ir cu la t or y a nd rc spi ra t o ry

sys t c m s as int a c t a s poss ible. Th c EAG recor d 

ing's w ere essentially th e sa me as in earl ie r

F il(. I. T h e nru e nna of t h e w o r ke r te r m it e.

Copt otermes [or mosanus , obs erv ed b y

sca nn ing e lec t r on m ic r os cop e ( x 100) .
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investigations by Schneiderv", The antenna was

stimulated by the direct injection of the saturated

odor vapor into a stream of purified air.

Behavioral (whole organism) preparation:

The behavioral test was the same as those

described earlier!'. A worker termite was placed

at the center of a circle (lOcm diameter) drawn

on a glass plate with a glass capillary tube

containing a test extract solution. After reaching

the circumference of the circle, the aggregate

time (in seconds) Cor which the termite followed

the circumference within 60 seconds was recorded.

This test was repeated three times, and each

time a termite which had not yet been subjected

to the test was used. The evaluation and

judgement standards on the trail-following activ

ity are shown in the following description.

Mark Judgement standards

We judged the extract had a trail-following
activity in the following cases: i), ii) or iii).
i) One or more of 3 termites walked on

the circumference Cor a long time (30
60 sec.),

o ii) Two or more of 3 termites walked on
the circumference (15-30 sec.),

iii) Only one of 3 termites walked on the
circumference (15-30 sec.), and more
over the total time of the other two
was 15sec. or more.

X We judged the extract had no trail-follow
ing activity in cases other than the above.

We judged the extract had a repellent
activity especially in the case that all 3
termites turned back in a flurry as soon

XX as they reached the circumference of the
circle and repeated this action several
times, finally went quickly across the
circumference,

Chemical preparation:

The extracts of the 30 days-decayed pine woods

(AS, BS, CS, DS, ES, FS and GS) were prepared

in the same way as described by Matsuo and

Nishimoto", Seven species of brown rot fungi

used were Tyromyces palustris Murr, (AS),

Daedalea dickinsii Yasuda (BS), Lenzites trabea
Pers, ex Fr. (CS), Gloeophyllumsaepiarium Karst.

(DS), Coniophora puteana Karst. (ES), Serpula

lacrymans S. F. Gray (FS) and Leniinus lepideus
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Fr. (GS). The extracts of the fungi themselves

(Let, Sel, Leb, Gal, Cov, Pyc and Pop) were also

prepared as described by Matsuo and Nishimoto".

Seven species of the fungi were Lenzites trabea

Pers. ex Fr. (Let), Serpula lacrymans S. F. Gray

(Sel), Lenzites betu/ina Fr. (Leb) , Ganoderma
lucidum Karst. (Gal), Coriolus versicolor Que\.

(Cov), Pycnoporus coccineus Bond. et Sing. (Pyc)

and Porodaedalea pirni (Pop). The latter Cive

are white rot Iung i, Letn is the neutral fraction

of the extract (Let).

Results and Discussion

Table 1 shows the behavioral responses to the

extracts. The extracts of the pine wood blocks

(AS, BS, CS, FS) and the extract of the fungi

themselves (Let, ScI, Letn) had a trail-following

activity (attractant) at a relatively high con

centration. On the other hand, the wood extracts

(DS, ES, GS) and the Cungi extracts (Leb, Gal,

Cov, Pyc, Pop) showed repellent activity at a

high concentration. Formic acid which is con

tained in Dufour's gland of the ant Acanihomyops

claoiger'? and propionic acid showed a repellent

activity only at the highest concentration (10-3g).

There were no compounds which showed a

repellent activity at a low concentration. It is of

interest that some extracts (Letn, Let, CS, AS)

and clnnarnyl alcohol had a trail-following activity

only at some limited range of concentration.

For example, Letn had a trail-following activity

at the concentrations 10-7 and lO-Bg, but the

activity disappeared at concentrations above

lO-6g. However, no repellent extracts showed

such a tendency as seen in attractant extracts,

e. g., Letn,

Fig.2. shows recordings made with one antenna

during the series of one experiment without

change of the electrode position.

All extracts and the control air current (which

is compressed from a empty polyethylen syringe)

elicited a slow negative deflection in the antenna.

This negative deflection (so-called electroanten

nogram=EAG) means here that the periphery

of the antenna becomes negative in relation to its

base, and could be interpreted as a simultaneous

expression of receptor potentials in the sensory

cells located near the different electrode'.".
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T ;lh k I. Responses of th e term it e to till' extra ct s and till' c hemical co m po u nds.
T h is w as mad e on th e ba s is of " ] udJ.(eme nl s uuule rs .. J.(iven in th e text.

T he m ass of the so lu te (o rd e r) J.( a ined w it h a ca p illa ry

T,~st ed
t ube fro m the cxt rac ts (o ri u ina ! sn l u t i ous) a nd their

co m pound d ilut ions (J.() and th e r csuli s of th e re sp onses.

10-3 10-' 10-' 10-" lO -1 10- 8

AS X 0 X X X X

BS 0 0 0 X X X

CS X 0 0 l) X X
OS XX XX X X X X

ES XX XX XX X X X

F S 0 X X X X X

GS XX XX X X X X

Lctn X 0 0 X X X

Let X X X X 0 0

s-: o () X X X X
Leh X X X X X X X X

Ga l X X XX X X X X X

Cov X X XX X X X X
P yc X X X X X X X X
Pop XX XX X X X X

F orm ic aci d XX X X X X X

Prop ionic ac id XX X X X X X

Cinnamyl alc oh ol X X X X l) 0

Eth e r (cont rol) X X X X X X

10

-~___________ ~Ill'
1.",.: (.

(30mV) , and t he DS ( No., I) pr od uce d th e hi ghest

a mpl itu d e of EAG (2:1m V) am on g the ex tra c ts.

Ma ny ex trac ts of the fung i th em s e lves el ici te d

t he sma ll EAG s which we re not d iff erent from

t h e co n l ro l- EA G ( :~m V) .

On th e o t her h an d, it is of int e res t t o not e

th at the s ha pe s of th e EAGs d id not d ep e nd

u pon th e subs tances tes ted : th e a nte nna of t h e

term it e gav e ve ry s im ila r EAG sha pe s to th e

re pe llent (such a s t h e DS or t h e ES ) a nd t he

a t t rac ta nt (s ubs ta nce w ith th e t rai l-followi ng

a c t iv ity suc h a s th e AS or the CS ) of thi s s peci es .

Th is ohse rv a t ion aJ.( rees well w it h the resu lts

obtai ned fram th e (ru it- pie rci nz m oth, Ora esia

exc auala'" , T he J.(reates t probl em a r ising fr om

th is obser va t ion lies in th e fa ct that the termit e

resp ond s beh a viora lly in pe rfec t ly oppos ite ways

to th e rep ell en t a nd th e a tt ra ct ant. There cou ld

be severa l alt ernati ves by w hi ch th is s ome w hat

con fus ing pi c tu re co uld be ex p lai ne d . Th e bc h a v

iora l resp onses are the conseq uence of co m

pl ica te d in teg ra tio ns in th e brain wh ich rece ives

"

191817

- --------------IJ

10

--.-- ----

F iJ.( . 2. Compa r iso n of th e s ha pe a nd ampl i t ud e

of EA Gs d ue t o d iff e rences in th e

sti m ulus extract s . Black ha l'S bel ow the
a nt ennog ra ms ind ica te th e du ra t ion of

t he sti m ul us ai r cur re nt. Th e s t im ulus

co nc ent rat ions w ere th e origi nal so lu tio n
(l 0-3g ) of T'ab le 1 for th e BS , OS and

FS and 1/10 di lut ion (l O- ' g ) for t he

o th ers .

T he a mp lit udes of t hc EAGs va ry co nsi de ra bly

w ith th e com pounds te st ed . For ex a m ple , For mic

a cid No, IS in F ig . 2) e lici te d a ve ry larg " EAG
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the odor messages Irorn all antennal receptors.

While the EAG is composed of the receptor

potentials elicited simultaneously in many func

tionary different types of receptors around the

electrode. As with taste receptors of insects",

when an olfactory receptor of the insect is

stimulated excitatot lly, it produces an "excitatory"

receptor potential (a slow negative potential

which is recorded extracellular i1y fr orn a single

sensillum on the antenna). When it is stimulated

inhibitorily, a slow positive potential (an "in

hibitory" receptor potential) could be recorded

from the same receptorv".

Therefore, for instance, if the repellent-specific

receptors which were specialized for the detection

of the repellent were excited with the repellent,

the antenna would produce a slow negative

deflection-EAG; on the other hand, if the

attractant-specific receptors were excited with

the attractant, the antenna would also produce

a slow negative deflection-EAG. Consequently,

the repellent-EAG and the attractant-EAG could

not be distinguished by appearance. However, so

far there have been no neurophysiological results

to show such specific receptors in the antenna

of the worker termite of this species, although

many kinds of insects, if not all, are thought

to have the specialized receptors to biologically

important odorants, such as food odor or phero

mone 5,S, lO,1IJ . Even if there were no specific

receptors for the repellent and the attractant in

the antenna, the so-called "generallst"!' could

also produce visually a similar shape of EAG,

for the "generalists" could respond excitatorily

or inhibitorily both to the repellent and the

attractant. For example, if the repellent had an

inhibitory effect on some olfactory receptors

and at the same time had an excitatory effect

on many other olfactory receptors around the

region of the different electrode, the shape of

EAG thus recorded could be a slow negative

deflection, for the excitatory receptor potentials

could be more dominant than the inhibitory

receptor potentials around the different electrode.

A similar assumption could also hold true for the

slow negative deflection-EAG to the attractant.

For explanations of these complicated pheno

mena we must wait for the detailed investigation
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of olfactory receptors on the antenna as been

done by many investigators5,S) , and also of the

olfactory center which receives odor messages

from the olfactory receptors of the antenna!".

In Table 2 EAG-amplitudes can only be com

pared with one another if they are $!'iven in the

same column. It is therefore possible to state

that the response to the AS in the column (I)

is larger than those to the BS and the CS in

the column (I); but it cannot be said that the

response to the AS in the column (III) is smaller

than those to the BS and the CS in the column

(I). As can be seen from Table 2 the amplitude

of EAGs to one extract (for example, the AS)

varies considerably from antenna to antenna,

whereas the relative amplitudes of the AS-EAG

to other various extracts in each column does

not change so remarkably. Such variations in the

EAG-amplitude may derive from the following

reasons: (I) the physiological conditions of the

antenna (the periphery of the different electrode

on the antenna could be damaged at the time

when the antenna is fixed mechanically with

wax); (2) the recording conditions of the EAG

(resistance between the recording electrode and

the olfactory sensory receptors with which the

electrode is in electrical contact).

At any rate, from the point of view of the

amplitudes of the EAG-responses, the following

becomes clear: (1) Formic acid and propionic

acid elicited a very high amplitude of EAG,

sometimes, over 100mV and gOmV respectively;

(2) The OS-EAG showed always the highest

amplitude among the extracts-EAGs, although

we need to discount it because the concentrations

used at EAG were 1O-3g for the BS, OS and FS

and lO-'g for the others. The AS-EAG followed

the OS-EAG; (3) The EAGs of the extracts of

the decayed wood were larger than those of the

extract of fungi themselves.

When comparing the behavioral data (Table 1)

with the electrophyslolog ical (EAG) data (Table .

2), it is difficult to find a definit relationship

between them. For example, (1) in behavioral

responses (Table 1) some extracts (such as the

AS or the BS) act on the termite as the

attractant and the other extracts (the OS or the

Gal) serve as the repellent. While, in the EAG



Table 2. A summary of the EAGs of five individuals. Each value of the
EAGs in vertical series (column) represents the amplitude (mV)
of slow negative deflection recorded from one antenna without
change of the electrode position. The stimulus concentratlons
were the original solution (l0-3g) of the Table 1 for the BS,
OS and FS and 1/10 dilution (l0-4g) for the others. ~ is the
mean value of five or four measurements.

VIII IV

Testcd antenna

II
Tested compound 1---.,-----.----.-----.----.,,---

AS 55 66 13 6 13 29
BS 20 15 5 2 5 9
CS 25 25 13 4 6 15
OS 55 65 35 14 18 37
ES 25 25 6 2 5 13
FS 15 15
GS 25 25 8 3 7 14
Letn 25 17 8 2 6 12
Let 20 25 6 2 5 12
Sel 20 15 6 2 5 10
Leb 10 13 3 1 7
Gal 10 13 3 2 7

Cov 10 13 3 2 7
Pyc 10 13 3 2 7

Pop 10 13 5 2 8
Formic acid >100 >100 29 29

Propionic acid 90 93 16 20 55
Cinnamyl alcohol 60 57 8 5 33

Ether 10 3 2 5 5
Control 10 10 3 2 4 6

responses, all extracts produced the same shape

of the EAG as shown in Fig.2, that is, the slow

negative deflections: (2) the EAG-amplitudes of

the AS are always much larger than those of

the BS, while behaviorally the BS extract acts

as the attractant at a higher concentration than

1O-5g and the AS at the concentration of 1O-4g

(Table 1).

Fig. 3 shows the EAG-amplitudes at different

concentrations of the AS, CS and OS. In the

lower concentration range (between 1O-e and

1O- IOg), the EAG of these three extracts are

small and seem to be about equal to each other.

Above the concentration of 1O-5g, however, the

OS-EAG rises steeply, while the CS-EAG remains

constant for the whole concentration range. The

AS-EAG falls between the OS-EAG and the

CS-EAG.

Table 3 shows each response of ten termites

at each condition of the AS, CS and OS. No

termites showed any response at less than a

concentration of 1O-eg of the AS, 1O-7g of the

CS or 1O-5g of the OS respectively. However,

some termites showed a little trail-following

response at the concentration of 1O-5g of the AS

and 1O-3g of the CS, and showed a clear trail

following response at the cocentration of 1O-4g

of the AS and 10-4 to 1O-eg of the CS. On the

other hand, some termites showed a repellent

response at the concentration of 1O-3g of the

AS, and 10-3 and 1O-4g of the OS.

Fig.4 shows the number of the termites which

showed a trail-following response at different

concentrations of the AS, CS and OS on the basis

of Table 3.

Fig.5 shows the number of the termites which
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30

20

10

Fig. 3.

DS

-4
10 (g)

The electrophysiological (EAG) stimulus·
response curve.
Ordinate: EAG-amplitude (mV).
Abscissa: The concentration (g) of the

extract and its dilutions.
Illustrated is a typical experiment per
formed with one animal and one electrode
position. Amplitude values are averages
of two mesurements of one the individual.

showed the repellent response at different con'

centrations of the AS, CS and DS on the basis

of Table 3. In the lower concentration range

(between 10-6 and 1O-8g) , the number of the

termites responding to these three extracts is

O. However, above lO-~g concentration the

number of those responding to the DS rises

steeply, while the number of those responding

to the CS remains 0 for the whole concentration

range. The number of those responding to the

AS falls between the number of those responding

to the CS and the OS. When comparing the

EAG-stimulus response curve (Fig.3) with the

stimulus-response curve of behavior (Fig.4 and 5),

it is apparent that there is no correlation between

the EAG-amplitude in Fig.3 and the trail·

following responses in Fig.4. However, Fig.5

seems to show a positive correlation between

the magnitude of the EAGs and the repellent

responses of behavior.

Table 3. Results of the bioassay of the AS, CS and OS. 10 termites were
tested in each condition. The aggregate time (in second) during
which the termite followed the circumference within 60 seconds
after reaching the circumference of the circle was recorded.

R: Repellent activity
*: Trail-Iollowing activity (walked more than 15 sec).
The others were no activity (walked only 1-14 sec).

The mass of the solute (order) gained with a capillary

Tested tube from the extracts (original solutions) and their
compound dilutions (g) and the results of the responses.

10-3 1O-~ 10- 6 10-6 10-7 10-8

I, 1 1. 10 9, 1 I, 1 1. 1 1, 1

1. 2 21*,3 1. 3 I, 2 1, 1 I, 1
AS I, 1 I, 1 1, 1 1, 1 1, 1 I, 1

I, 1 2, 1 I, 1 I, 1 I, 1 I, 1

R. 1 1, 2 I, 2 I, 1 1, 1 I, 1

1, 1 10, 3 2, 15* 47*, 1 1. 1 I, 1
6, 2 1. 26* 21*,25* I, 40* 1, 1 I, 1

CS 2, 5 15*,10 22*,45* 35*,30* I, 1 1. 1

R, R I, 1 1. 1 I, 1

R. 1 R, 1 I, 1 I, 1
OS R, R 1, 2 I, 1 1. 1

R, 1 1. R 1. 1 I, 1
1, R R, 1 1, 1 1. 1
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I, 3

1, 2

18*,41*

10, 25*

3, 18*

20*,21*

1, 1

12, 7

I, 1 1,

1. 1 I,

1, 1 I, 1
1, 1 1. 1
1, 1 1. 1
I, 1 I, 1
I, 1 1. 1
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From the results described above the following

general conclusions could be derived: (1) EAG

technique has limitations for relating the EAG

responses to the behavior responses of the termite,

especially to the trail-following response. There

fore, it seems essential that a more intricate

technique, such as the single cell recordings

of the olfactory nervous system, be employed to

get information as to how attractant or repellent

is accepted at an individual olfactory receptor

and integrated in the central nervous system and

eventually ends in a given behavioral response:

(2) Figs.3 and 5, together with the responses

to formic acid and propionic acid in Tables 1

and 2, indicate the possibility of some correlation

between the EAG-amplitude and the repellent

activity of behavior, although unfortunately

sufficient quantitative data arc not yet available

to allow us to draw a clear conclusion.
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The green larvae of Cerura vinula (Lep.

Notodontidae) turn to dark red prior to cocoon

formation. Buckmanri'? showed that decapitation

is capable of evoking to accelerate reddening

of the epidermis in Cerura larvae. Probably

reddening of the epidermis in Cerura larvae may

be prevented by juvenile hormone OH) secreted

from corpora allata, The larvae of Cephonodes
hylas exhibit chromatic change similar to that

of Cerura larvae. Author demonstrated that JH

and its analogue ZR 512 suppress the dark

reddening which occurs at the end of the last

instar of Cephonodes larvae",

In this report, it was shown that extirpation

of corpora allata accelerate the dark reddening

in Cephonodes larvae. Furthermore, the effect

of A-11, a derivative of abietic acid and kojic

acid which have been known as anti JH agent

on the dark reddening in Cephonodes larvae was

reported.

Materials and Methods

Animals

The last instar larvae of Cephonodes hylas were

used. The larvae were reared as described

previously" .

Oral administration of two chemicals

Kojic acid was obtained from Wako pure

chemical Ind. Ltd., Osaka and A-11 (Methyl-S, 7-
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dioxo-Sa, 10a-podocarpa-S, 11, 13-trien-15-oate)Gl

was supplied by the courtesy of the Laboratory

of Applied Zoology, Tokyo University of Educa

tion. A-11 had been donated to the laboratory
from Mr. S. Murakoshi, Kanagawa Sericultural

Experiment Center.

The appropriate amount of kojic acid and A-11

was dissolved in distilled water and acetone

(Wako, special grade), respectively. And the

leaves of Cape jusmine were dipped in these

solutions for a few minutes. After dipping, the

excess water containing kojic acid was shaked

out from leaves and leaves dipped in A-11

acetone solution were dried in air to remove

acetone, then these leaves were fed to Cephonodes
larvae throughout the last instar in order to

examine whether two test chemicals, kojic acid

and A-11, accerelate the dark reddening which

occurs at the end of the last instar or not. As

control, the leaves dipped with distilled water

and acetone, respectively, were fed to the larvae.

Results

Extirpation of corpora allata

Corpora allata were removed from the larvae

2 or 3 days after the last larval ecdysis. Sham

operated larvae were not fed on the food grass,

because allatectomized larvae did not take the

food grass, being different from silkworm, Bombyx


