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Abstract—Field studies of male Oriental fruit moth, Grapholitha
molesta (Busck), behavior indicated that a mixture of cis-8-dodecenyl
" acetate (c8-12:Ac) and ca. 7% trans-8-dodecenyl acetate (t8-12:Ac)
was requisite for upwind anemotaxis. The simultaneous emission of
dodecyl alcohol (12:0H) and the attractant blend of c8-12:Ac con-
taining ca. 7% t8-12:Ac elicited a behavioral repertoire including
close-range orientation, landing near the chemical source, wing fanning, |
and extrusion of the males’ abdominal hairpencils in precopulatory ‘
display. The effect of 12:OH in increasing trap catches was, therefore,
not due to its effect on upwind anemotaxis, but rather to its importance ‘
in eliciting landing and other closé-range precopulatory behavior. ‘
Interestingly, cis-8-dodecen-1-o0l in extremely low ratios to the attrac-
tants (1:333) appeared to- duplicate the activity of 12:0H used in {
ratios of 3:1 to the attractants, Laboratory observations of mating - ‘
sequences revealed that male hairpencil eversion always preceded
copulation. The evidence supports a male response sequence based on
specific component combinations and concentrations eliciting succes-
sive behavioral steps rather than a response hierarchy dependent on-
increases in concentration of a single chemical or blend. Additionally,
g the closeness of the males’ approach to ¢8-12:Ac containing ca. 7%,
t8~12: Ac was optimal at a discrete emission rate, and male responses
were diminished within 30-60 sec after the males’ arrival at the attrac-
tant source. )

Key Words—Tortricidae, Grapholitha molesta, Oriental fruit moth, sex
pheromone, attractant, synergist, hairpencil, aphrodisiac, cis-8-dode--
cenyl acetate, trans-8-dodecenyl acetate, dodecyl alcohol, cis-8-dodecen-
1-ol. ’ '
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INTRODUCTION

Although the majority of Lepidoptera appear to employ female sex phero-
mone blends (Roelofs and Cardé, 1974b), behavioral investigations have been
limited to the description of blend attractiveness in nature and excitation in
the laboratory. The exact communicative role of the individual pheromone
components has remained undefined. The sex pheromone of the Oriental
fruit moth, Grapholitha molesta (Busck) (Tortricidae: Oleuthrutinae), was
identified as cis-8-dodecenyl acetate (Roelofs et al., 1969). Recéntly the
requirement for attractancy of ca. 7%, trans-8-dodecenyl acetate was demon-
strated (Beroza et al., 1973a,b; Roelofs and Cardé, 1974q) although this
component has not yet been characterized from the female. Male trap catches
also were increased approximately twofold by the addition of two intrinsically
nonattractive chemicals: dodecyl alcohol (Roelofs et al., 1973; Roelofs and
Cardé, 1974a) and 8-propoxyoctan-1-ol (Roelofs et al., 1973) in ratios of 4:1
or 3:1 and 10:1, respectively, to 200  ug of attractant pheromone. Neither
dodecyl alcohol or 8-propoxyoctan-1-ol are known to be part of the natural
pheromone bouquet of G. molesta: The present paper details the communica-
tive role of cis- and frans-8-dodecenyl acetates and two chemicals which
increase trap catches. Some prehmlnary aspects of thls study Were reported
elsewhere (Cardé et al., l975a) ' 1

METHODS AND MATERIALS L

Mixtures of cis-8- dodecenyl (c8-12:Ac) and trans-8- dodecenyl acetates
(t8-12: Ac) and of cis-8-dodecen-1-0l (08—12 OH) and #rans-8-dodecen-1-ol
(t8-12: OH) were analyzed - quantltatlvely with a 3% phenyldiethanolamine
succinate (HI-EFF 10BP, Applied Science Laboratories, State College,
Pennsylvania) on 100-120 mesh Chromosorb-W-AW-DMCS gas chromato-
graphic column. Pure c8-12:Ac was obtamed by TLC pure c8—12 Ac was
sapomﬁed to the alcohol. All test chemicals were placed on 5 x 7-mm rubber
septa (Arthur H. Thomas Co., Philadelphia, Pennsylvania) dispensed in
10-u1 Skellysolve B solvent. Whlte sticky traps employed were either Sectar®
I with a restricted eéntrance (Roelofs et al., 1973) or Pherotrap® IC (both
supplied by Zoecon Corp., Palo Alto, Cahforma)

All experiments were conducted in non-msectlclde-sprayed apple
orchards in Geneva, New York. Relative attractiveness of various chemical
blends in stlcky traps was evaluated in 4 randomized complete-block design
with 10 replicates positioned 1 trap/tree at a height of 1.5 m on a 10-m tree
spacing. Traps were cleaned of males and rerandomized at Jeast every second
day. Data were transformed to v/x+0.5 and submitted to an analysis of




SEX ATTRACTANT SYSTEMS OF ORIENTAL FRUIT MOTH MALES 477

variance, with differences among means being determined’ accordmg to
Duncan’s new multiple-range test.

Wild male behavior in the vicinity of a pheromone—balted sticky trap
was quantified by 1 or 2 observers situated 2 or 3. m from the attractant
source who described individual male behavior -onto a tape recorder. Male
responses over a 4-min interval near various attractant sources were recorded
by allowing individual wild males to enter clear plastic cages 20 x 14 x 10.cm,
open to-air currents at each of the 4 sides with 2.5 x 5-cm wire screens. The
attractant dispenser was positioned on the center of the floor of these cages.
Male behavioral patterns were described for 4 min on tape. These behavioral
observations were conducted in May, 1974, between. 14:00 and 19:00
(Eastern Standard Time), in accordance with the males’ diel response interval
as shown by an automated trap (Comeaun, 1971) indicating time of attraction
to synthetic pheromone. Data from the tape rec’ordi'ng§ were analyzed subse-
quently with theaid of a stop watch: ;

-Additional studies of male behavior close to an attractant dlspenser were
conducted using a flat, circular, table-top arena of galvanized sheet metal
with a 60-cm radius. The chemical dispenser was located on the table center.
Concentric circles marked on the table surface delineated 10-cm intervals -
from the center. These arenas were set out at a height of ca. 0.7 m.approxi—,
mately 2-3 m from apple trees.

Recordings of visual observations and subsequent analyses of male
behavior were undertaken as described previously over observational periods
of 10-15 min. Two arenas were employed simultaneously by single observers.
To minimize the possibilities of contamination the lowest dispenser dosages
of the components were presented first: subsequent treatments ttilized
increased charge levels. The arenas were moved to new trees 24 m or more
crosswind prior to the start of the next observational period. Both experiments
were conducted on several days in September, 1974, between 17:00 and 19:30
(EST) with all treatments being accorded.equal observational time on each
day. Dispenser septa were stored between tests in individual stoppered vials,
and the arenas were rinsed with acetone prior to each test series. .

Our brief reports of laboratory mating sequences were undertaken with
laboratory reared moths in about the 12th hr of photophase under a'16:8
light/dark regime at 22°C

o RESULTS
Attractancy of Males to ¢8-12: Ac and to c8-12: Ac with ca. 7% 18-12: Ac

The attractancy (trap catch) of a multicompound blend such as 180 ug
c8-12: Ac+20 pug t8~12:Ac or these compounds plus either 600 ug 12:OH
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or 0.6 ug c8-12:0H, could result from individual components acting in a
medley in which each component affects all phases of behavior or by some
combinations of components eliciting positive anemotaxis and others
mediating close-range searching behavior. We investigated the comparative
attractiveness of 200 pg of c8-12: Ac (containing <0.59 t8-12: Ac, undetect-
able by GLC) and 200 ugc8-12:Acwith 6.89 t8-12:Ac. Inseveral tests, traps
baited with the pure c8-12: Ac caught no males, whereas traps baited with the
appropriate cis~trans mixture captured several hundred males (>200) in
10 hr of observations. By situating 2 observers downwind of the pheromone
source, it was possible to follow individual males flying upwind to the traps
baited with c8-12:Ac containing 6.8% t8-12:Ac. Males routinely were
followed 10 m or more to the trap. No instances of G. molesta male orienta-
tion or positive upwind anemotaxis toward the pure ¢8-12:Ac were noted,
although equal observational time was accorded both dispensers. A related
apple-feeding oleuthrutine, G. prunivora (Walsh), would be lured to pure
¢8-12: Ac (Roelofs and Cardé, 1974a), and in flight could be confused with
G. molesta. Although the temporal distributions of these 2 species overlap
broadly, adult G. prunivora were not present during the period of these
observations, as determined by separate monitoring traps. These findings
indicate that male attraction or upwind anemotaxisunder natural conditions
is elicited by the combination c8-12:Ac and t8-12:Ac and that c8-12:Ac
alone is intrinsically unattractive to G. molesta.

Effect of ¢8-12: OH on Male Trap Catches

The roughly twofold increase in male trap catch effected by the addition
of dodecyl alcohol (12: OH) (Roelofs et al., 1973; Roelofs and Cardé, 1974q)
and 8-propoxyoctan-1-ol (PrO-8:0H) (Roelofs et al., 1973) to c8-12:Ac
(3-7% t8-12:Ac) suggested the potential of c8-12:OH and 12:0H for
affecting male behavior, since these 4 compounds likely could interact with
the same hydroxyl and terminal C;; active sites on a male antennal phero-
mone acceptor (Roelofs et al., 1973). Preliminary studies in Australia (G.
Rothschild, private communication) indicated that low percentages of
c8-12:OH did increase G. molesta attractancy.

Numerous field trials were conducted in 1973 and 1974 using 200 ug
of ¢8-12:Ac with 4-8% t8-12: Ac (attractant) and various added quantities
of ¢8-12:OH. One trial (Table 1, Test 1) showed that c8-12:0H reduced
male trap catch at attractant/secondary compound ratios of 1:3 to 33:1,
with the use of 7.8%; t8-12:OH in the c8~12:OH giving a lower catch than
the use of 3.5%; t8-12:Ac. Tests (Table 1, Tests 2 and 3) of c8-12:OH at
ratios greater than 33:1 showed some increases in trap catches, with a dis-
penser load of ca. 333:1 giving roughly a twofold increase in male catch.
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TABLE 1. COMPARISONS OF ATTRACTIVENESS OF c8-12:Ac WITH 6.6%,
t8~12:Ac (ATTR.) WITH VARIOUS ADDED AMOUNTS OF c8-12:0H
USING SECTAR I TrRAPS :

Treatment Males/trap (X)*
Test 1 (August 13-20, 1973)
200 ug Attr. 40.6 a
200 pg Attr.+6 ug c8-12:0H (3.5%; t8-12:OH) 43.0a
200 ug Attr.+ 60 ug c8-12:0H (3.5 t8-12: OH) 174 ¢
200 pg Attr.+ 600 ug c8-12:0H (3.5%; t8-12:OH) 82d
200 pg Attr.+6 ug c8--12:0H (7.8 t8-12:OH) 292 b
200 pg Attr.+ 60 ug c8-12:OH (7.8% t8-12: OH) 182 ¢
200 ug Attr.+ 600 ug c8-12:0H (7.8%; t8-12:OH) 46d
Unbaited 00e
Test 2 (August 27-31, 1973)
200 pg Attr. ; 20.6 cd
1200 pg Attr.40.6 ug c8-12:0H (<0.1%4 t8-12: OH) 333a
200 ug Attr.+2 ug c8-12:OH (<0.19; t8-12:OH) 23.8 be
200 ug Attr.+6 ug c8-12:OH (<0.19; t8-12: OH) 16.3d
200 ug Attr.+20 ug c8-12:OH (<0.1%; t8-12:OH) 99e
Unbaited 0.0f
Test 3 (May 17-22, 1974)
200 ug Attr. 8001
200 ug Attr.+0.06 ug c8-12:OH (6.6% t8-12:OH) 11.2 ab
200 ug Attr.+0.2 ug c8-12:0H (6.6%; t8--12: OH) 11.3 ab
200 ug Attr.+0.6 ug c8-12:OH (6.6%; t8-12:OH) 174.a
200 pg Attr.+2 ug c8-12:0H (6.6%; t8-12:OH) 14.5 ab
Unbaited 0.0c

% Within each test, treatment means followed by the same lettér are not sig-
nificantly different at the 5% level. i

Together these data show that at certain low ratios relative to the attractant,
c8-12:OH will elicit an increase in male trap catch, similar to the effects of
12:OH and PrO-8:0OH at much higher ratios. ' :

The Role of 12: OH in Close-Range Searching Behavior

The increase in male trap catch effected by the addition of discrete
quantities of PrO-8:0H, 12:0H, and c8-12:0H to ¢8-12:Ac (6.8%
t8-12: Ac) could be related to an increase in the frequency of elicitation of
male anemotaxis downwind of the attractant source or in a modification of

F
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close-range searching behavior. Comparative observations of male behavior
within 1 m of Pherotraps IC baited with either 200 ug c8-12:Ac (6.8%
t8-12: Ac) or 200 ug c8-12: Ac (6.8% t8-12: Ac) and 600 ug 12: OH revealed
distinctly disparate patterns of close-range searching behavior. Individual
males were followed continuously from the time upwind orientations brought
them within approximately 3 m of the trap until they were ensnared on the
trap sticky surface or until they ceased apparent searching behavior by leaving
the trap vicinity. The direction of departure was almost always directly
downwind. Males terminating close-range searching behavior were observed
until they flew at least 5 m from the trap, although searching behavior was
scored as terminated once males flew more than 3 m from the trap. None of
our observations indicated that males which had terminated searching
behavior later reoriented to the attractant source. Nonetheless, the possibility of
multiple observations of a single moth was minimized by repositioning traps
20 m crosswind within the orchard at 15 min intervals. No more than 13 males
were observed prior to trap repositioning.

Male flight within 1 m of a trap was characterized by a decreased preci-
sion of orientation and an undulating flight, during which the distance of the
males to the attractant source remained relatively constant, while males
generally flew up, down, and from side to side in “casting” movements of
roughly 5-20 cm and 1-2 sec in duration. Such close-range searching behavior
(before capture or flight away from the trap) occurred for a mean of 19.8 sec
(range of 5-69 sec, n = 39) with a trap baited with 200 ug c8-12:Ac (6.8%
t8-12: Ac), whereas the mean time of searching flight with a trap baited with
c8-12:Ac (6.8%; t8-12:Ac) plus 600 ug 12:0H was 12.5 sec (range 3-50,
n = 40). These means are significantly different at P<0.05 according to the
t test.

The frequency of males landing on the trap’s lower sticky surface (and
thereby approaching within at least 10 cm of the attractant) differed markedly
with the addition of 12: OH to the attractant dispenser. The attractant alone
produced a trap capture rate of 56.49;, where the confidence interval (c.i.)
at ¢ = 0.95 extends from 40.8 to 72.09{, whereas the attractant plus 12:OH
resulted in 92.5%; of the males being captured, where the c.i. at ¢ = 0.95
extends from 80.1 to 98.4%/. The communicative function of 12:OH added
to the c8-12:Ac (6.89; t8-12: Ac) attractant did not seem to be effecting an
increase in the number of males attracted to within 3 m of the attractant
source. On the contrary, in this behavioral context, 12: OH appears either to
modify the males’ close-range searching behavior, or to cause the males to
land, or both. Since the ensnarement of males on the sticky trap surface
terminates the behavioral response, analyses were conducted utlhzmg assays
which allowed continued observations of male responses.
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Behavioral Effects of 4 Minutes’ Exposure to Multicomponent Systems

Males were allowed to orient toward and enter a baited 20 x 14 x 10-cm
clear plastic cage hand held at a height of 1.5 m. Immediately after a male had
flown into the assay device, the top of the box was replaced and recording of
behavior commenced. Four distinct categories of behavior were evident:
(1) flying and hovering; (2) wing fanning on the cage surface (concurrent with
rapid walking or while stationary); (3) rapid walking; and (4) quiescence.

Analyses of these behavioral modalities for the 4-min observational
- period revealed distinct changes in their relative frequencies dependent on
the nature of the stimulus and the time elapsed (Figure 1). During the first
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FiG. 1. Comparisons of the behavioral responses of males to blends during the first
4 min confinement after upwind attraction. Bars enclose the standard errors of the
means for 30-sec intervals. :
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TABLE 2. TEMPORAL ANALYSES OF BEHAVIOR DURING THE FIRST 30 SEC ELAPSED
AFTER UPWIND ORIENTATION

During first 30 sec Initial behavior

Time
Time Time Ist
Time fanning/ 1st fanning/
Stimulus flying (X) walking (X¥) flying (X) walking (X)

100 pg c8-12:Ac (6.8%, t8-12:Ac) 18.10 7.32 15.00 3.71
100 ug c8-12:Ac (6.8%; t8-12:Ac) +

300 ug 12:OH 10.79%*%a 12 86**4 5.07**%2 693
100 ug c8-12:Ac (6.8%; t8-12:Ac) +

0.3 ug c8-12:0H (6.8%; t8-12: Ac) 11.32%%%a 13 4Q**%a 10.67 8.90%*¢a

axx xxx differ from X of c8-12: Ac(6.8%; t8-12: Ac) at P< 0.01 and P< 0.001, respectively,
according to the ¢ test.

30 sec of observations (Table 2) c8-12:Ac (6.8%; t8-12: Ac) alone elicited
flying or hovering behavior for a significantly longer time than these com-
pounds plus 12:OH or ¢8-12:OH (6.8%; t:-12:OH). During the first 30 sec
the mean time of males fanning or fanning concurrent with walking was
enhanced by the presence of 12:OH or ¢8-12:OH (6.8%; t8-12: OH). These
same trends are evident if one contrasts the mean times of the first occurrence
(initial behavior, columns 3 and 4 of Table 2) of these behavioral responses
during the initial 30 sec of observations.

For the three chemical mixtures presented, several trends are evident
during the remaining 3.5 min of observations. The relative time males
engaged in flying, fanning, or fanning while walking decreases concurrent
with increases in time spent walking or not moving. There are no significant
(P < 0.05) differences among any of the treatment means for the last 3.5-min
observation period when behavioral modalities are compared at the same
elapsed times. Such time-dependent changes may indicate a degree of habitua-
tion (alteration of the pheromone response threshold) within 30-60 sec from
"the time of attraction.

Effect of Dispenser Charges of 1 to 3000 pg c8-12: Ac (6.8%; t8-12: Ac)

Observations of male behavior within 1 m of the 60-cm-radius table top
baited with various charges of c8-12:Ac (6.8% t8-12:Ac) showed varying
responses in several behavioral catagories (Table 3). Intermediate dosages
effected quantitatively significant increases in frequencies of male landing and




TABLE 3. MALE BEHAVIOR NEAR 60-cM-RADIUS METAL ARENAS BAITED WITH 1 TO 3,000 4G OF cis-8-DODECENYL
ACETATE (c8-12:Ac) wiTH 6.8% t8-12:Ac ISOMER

% Landing %, Fanning ¢{ Displaying  Orientation Fanning Closest
pg c8-12:Ac  No. males on table on table on table time, sec time, sec approach,
(6.8% trans)  observed top*® top* top (X+SE)* (X4 SE) cm(X +SE)?

14 36 cde 0d
25 24 de 0d
10 36 53 be 22b
30 43 65 ab 16 be
100 54 69 ab 17 be
300 67 37 cd 1d
1,000 55 40 cd 5cd
3,000 53 17¢ 4cd
1004-300 46 80 a 48 a
ng 12:0H

2 Percentages in the same column followed by the same letter do not differ at the 59 level when compared accordingtoa 2x2
test of independence using the G statistic with Yates’ correction.

b Means in the same column followed by the same letter do not differ at the 5% level according to the # test. Orientation time in-
cludes all categories within 0.5 m of the table top. In tabulating closest approach to the dispenser, males flying within 0.5 m

of the table top but not landing were scored as approaching within 60 cm. The remaining approaches were by males walking
on the table top.

3.2d£0.5 0 554a+1.9
6.6 c+0.9 0 57.5a+10
149a+32 8.0+1.0 432b+3.9
17.6 a+2.3 8.7£05 44.7b+2.9
141a+17 29+0.2 451b+2.5
99b+1.1 0 559a+0.9
7.5b+0.6 3.7+03 56.0a+1.0
51c¢+04 1.5+0.1 58.7a+0.6
16.5a+2.4 65+1.1 369 ¢+3.2
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TABLE 4. MALE BEHAVIOR NEAR 60-CM ARENAS BArieD WITH 10 4G cis-8-DODECENYL ACETATE (6.8% t8-12:Ac) PLus
: DopecyL ArconoL (12:0H)

% Landing = %; Fanning = 9, Displaying  Orientation Fanning Closest
No. males on table on table on table time, sec time, sec approach, cm
rg 12:0H observed top*® top*® top*® (X+SE)® (X+SE)* (X+SE)*
y — 37 68 27 3 150 + 1.8 73 07 47.5 + 25
1 40 88* T3** 8 20.7 + 3.1 93 + 1.6  33.6%** 4 32
3 39 77 36 23% 23.7%* + 2.6  16.5%*% + 2.0  367% 4 3.9
10 33 94¥%* 83** 42%% 23.6% + 3.1 159% +1.9 19.9%%% 4 39
30 40 80 45 15 18.6 4+ 2.7 114 + 14 35.3*%*% + 3.6
100 30 83 43 30* 254 +5.1 18.3%*% 4- 2.5  28.5%%* 1 43

“ Percentages in the same column compared to the treatment lacking 12: OH according to a 2x 2 test of independence using the G
statistic with Yates’ correction: * indicates P< 0.05, ** P< 0.01.

® Means in the same column compared to the treatment lacking 12:0H according to a ¢ test: * indicates P< 0.05, **P< 0.01,
*#%P< 0.001. Orientation time includes all categories of behavior within 0.5 m of the table top. In tabulating closest approach to dis-

penser, males flying within 0.5 m of the table top but not landing were scored as approaching within 60 cm. The remaining approaches
were by males walking on the table top.
Y .
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F1G. 2. (A) Male abdominal tip with hairpencils forcibly extruded. (B) Laboratory

male everting his hairpencils on a rubber septum charged with 10 ug cis-8-dodecenyl

acetate (6.8% trans) and 10 ug dodecyl alcohol. Electronic flash duration was
1/1000 sec.

(Facing p. 485)
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walking concurrent with wing fanning, in mean times of orientation (flight
or walking on the table top) and wing fanning, and in the closest approach to
the chemical dispenser while walking on the table top. Since the lowest
dispenser dosages (1 ug) would emit relatively reduced amounts of attractant,
the lowered mean orientation time and close approach to this dispenser is
probably related to the visual cues presented by the experimental observation
table. Otherwise, continued upwind anemotaxis toward the chemical dispenser
would be expected.

Effect of 12: OH with 10 pg c8-12: Ac (6.8%; t8—12: Ac)

Addition of 300 ug of 12:OH to 100 ug of ¢8-12:Ac (6.8%; t8-12:Ac)
produced responses generally similar to those evoked by 100 ug c8-12:Ac
(6.8%; t8-12:Ac) alone, although the simultaneous emission of 12:0H
elevated the frequency of landing and produced a closer approach to the
chemical dispenser. Since 10 ug of attractant on the dispenser was the lowest
charge level that elicited increased responses in the tabulated behavioral
parameters, male responses to a combination of this charge plus 1-100 ug
of 12:0H were examined in another experiment (Table 4). The response
values for 10 ug of attractant alone in this test correlate very closely with those
found in the previous test (Table 3). Concurrent release of 12:OH produced
significant increases in the frequencies of landing on the observation table
and wing fanning while walking, in mean times of orientation and fanning,
and in closest approach to the chemical dispenser. Hairpencil display behavior
(Figure 2)—found in a low percent of males in the previous observations—
was noted in 429/ of the males (519} of those landing) observed in the 10 ug
attractant: 10 ug 12:OH treatment.

Hairpencil display in general involved wing fanning while walking to
within 1 to 2 cm of the rubber septum dispenser. Continuing to fan their wings
males then turned away from the septum and everted their hairpencils 1-8
times, followed by a turning to face the septum, repeating this sequence until
the male would abruptly fly away. Males would often crawl onto the septum,
curl their abdominal tips toward the septum, or push the septum with their
heads before departing. The temporal patterns of hairpencil eversions and
turns are listed in Table 5. All dispenser dosages of 12:OH tested appeared
to evoke similar patterns of precopulatory display.

Mating Behavior: The Role of Hairpencilling

Mating behavior was observed in the laboratory in a 0.15 x 1.5-m clear
plastic wind tunnel with a wind speed of ca. 12 m/min. Males were released
1.2 m downwind of a calling female. Responsive males walked upwind while
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TABLE 5. BEHAVIOR OF MALES ENGAGED IN HAIRPENCIL DisPLAY (CONCURRENT
wITH WING FANNING)®

No.
10 ug Time No. eversions
c8-12:Ac No. display, pencil prior No.
(6.8% )+ ug males sec eversions to turn turns

12:0H displaying (X + SE) (X + SB) (X + SBE) (X + SE)

0 1 2.0 4.0 2 2 N
1 3 7.7 8.0 3.2 2.5 -
3 9 149+14 114+1.8 3.7£0.7 3.0x£0.6
10 14 12.6+£1.8 9.6+1.2 3.1+0.8 4.1£0.6
30 6 155+1.1 15.0£0.7 3.8+0.8 52%0.6 N
100 9 10.9+1.9 79+1.2 32+0.8 3.3+05

% These are the males of Table 4, column 5.

fanning their wings. In all (n = 18) successful copulations, male hairpencil
eversion preceded the males’ attempts to couple. Males walked to within
1-2 cm of the female, turned 180° away, and everted the hairpencils toward
the females’ anterior or sides while continuing to fan their wings. During 14
of 18 sequences of hairpencil extrusion displays, the female either turned
toward the males’ posterior, or walked rapidly toward the male, or both. In
some instances the females’ run toward the male brought their antennae into
apparent contact with the males’ abdominal tip, whereas in others no tactile
stimulus preceded the males’ 180° whirl and subsequent curling of the posterior
of his abdomen preceding a copulatory attempt. Initial experiments indicate
that an olfactory cue is involved in eliciting female orientation, since methylene -
chloride extracts of a single male’s hairpencils when presented on filter paper
within 1-2 cm of a calling female generally elicit walking toward the stimulus.
It is probable that the hairpencils also act as an aphrodisiac, producing female
acquiescence to copulatory attempts (Birch, 1974).

DISCUSSION

In the Lepidoptera the ubiquitous nature of communication systems in- R
volving two or more chemicals has been elucidated only recently, and so it is
hardly surprising that little is known of the behavioral function of individual
chemical components. Apparent attractancy of isolated natural or synthetic
compounds has been considered by most investigators as the prime behavioral
response evoked by so-called attractant pheromones, when indeed phero-
mone-mediated upwind anemotaxis has been demonstrated (Kennedy and
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Marsh, 1974) in but a few species. Single compounds or combinations thereof
which produce a trap catch have been regarded as being intrinsically attractive
when, as Kennedy (1972) has pointed out, the behavioral effect could be of
quite a different nature, such as eliciting landing when in the vicinity of a
trap. Similarly, nonattractive chemicals that increase trap catch (so-called
synergists) and those that decrease trap catch (so-called inhibitors or anti-
attractants) when released simultaneously with attractants could mediate
close-range behavior rather than upwind anemotaxis.

In G. molesta the present data indicate that the combination of ¢8-12: Ac
and t8-12:Ac elicits upwind orientation. In concert these two compounds
are attractants in the sense of evoking apparent upwind anemotaxis. Three
related chemicals, PrO-8:0H, 12:0H and ¢8-12:OH, increase male trap
catches although they do not appear to possess intrinsic attractiveness. In the
case of 12: OH the effects appear unrelated to long-range searching behavior.
In the presence of c8-12:Ac and t8-12:Ac, 12:0H apparently evokes a
repertoire of precopulatory behavior: close approach to the chemical emitter,
landing, and wing vibration, either while stationary or concurrent with
walking, and hairpencil extrusion in precopulatory display. Similar responses
in landing and wing vibration and increases in trap catches were evoked by
c8-12:0H at certain low ratios, whereas at high ratios trap catch was
decreased. Such dual effects of ¢8-12:OH on trap catch are quite similar to
those reported by Baker et al. (1975) for the alcohols corresponding to the
Playtnota stultana (Walsingham) attractant pheromone, cis- and trans-11-
tetradecenyl acetates (17:83). When the alcohols were present as 0.2-2% of
the attractant pheromone mixture, the trap catch was elevated; at >20% the
catch was suppressed. In P. stultana it is not known if the mechanism respon-
sible involves modification of close-range behavior. In G. molesta the modi-
fication of close-range orientation is apparently related to increases in the
catch on sticky traps baited with ¢8-12:Ac, t8-12:Ac plus 12:OH. Hence,
in G. molesta the term attractant “‘synergist™ is clearly inappropriate to the
behavior evoked by 12: OH.

‘When ¢8-12: Ac with ca. 7 t8-12: Ac was presented at 1-3000 ug per
rubber septum dispenser, charges of 10, 30, and 100 ug elicited the closest
mean approaches to the dispensers and the longest mean searching times
(Table 3). Such a concentration-dependent response pattern appears analo-
gous to the behavior of two noctuid moth species in which the male catches
were reported to be optimal at certain discrete emission rates of cis-7-dode-
cenyl acetate (Kaae et al., 1973).

Males approaching the arena’s edge frequently engaged in “casting”
flight for 10 or more seconds within 1-20 cm of the arena’s edge. The flight
pattern undulated both laterally and vertically as much as 30 cm, and the
precision of orientation would appear to be altered from the more direct
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CHEMICAL STIMULUS-RESPONSE REACTION CHAIN

Stimulus Response
MALE RESTING
OR FLYING
PRESENCE OF
c8-12:Ac
{6.8% trans)
UPWIND
CRITICAL ORIENTATION
CONCENTRATION
c8-|2:AC
{6.8% trans) CASTING
CRITICAL FLIGHT
CONCENTRATION
¢8-12: Ac
(6.8% trans)
+12:0H CLOSE RANGE
' ORIENTATION
b 4
LANDING
¥

FANNING WHILE
IWALKING TOWARD
STIMULUS SOURCE

v

HAIRPENCIL
DISPLAY

Fic. 3. Stimulus-response reaction chain. The behavior is indicated on the-
right and the chemical stimulus mediating the response is presented on the
left.
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flight path taken in upwind orientation. While the role of vision was not
assessed directly, the presence of the arena surface is probably related to the
mean closest approach to the chemical dispensers: males often flew for
extended periods within several centimeters of the arena’s edge.

The mean time spent within 20 cm of the arena, frequency of landing on
the arena’s surface, the mean time of wing fluttering concurrent with walking,
and mean closest approach to the chemical dispenser were all elevated in
response to the simultaneous emission of 12:OH in the presence of critical
concentration of ¢8—12: Ac and t8-12: Ac over the emission of ¢8-12:Ac and
t8-12: Ac alone. Extrusion of male hairpencils in precopulatory display ritual
was evoked by 12: OH. Interestingly, such mediation of hairpencil display by
a particular chemical component has not been reported previously, although
George (1965) observed hairpencil extrusion in natural pheromone-stimulated
G. molesta males. Indeed, the very existence of male brush organs within the
Tortricoidea is not well documented.

The accumulated observations suggest that in G. molesta upwind
anemotaxis is governed by a two-chemical blend, whereas close-range
orientation and precopulatory display is effected by the addition of a third
component. This mechanism contrasts with the hierarchy of behavior concept
in which successive steps of the pheromone response sequence are elicited by
increasing pheromone concentrations (Schwinck, 1955). This latter sort of
pheromone-regulated behavior would be most likely in those species utilizing
a communication system based on one chemical. The sequence of events in
G. molesta as presently envisaged is summarized in the chemical stimulus—
response reaction chain presented in Figure 3.

As yet only c8-12: Acis known to be present in the pheromone-producing
female abdominal tip of G. molesta (Roelofs et al., 1969), although it is
reasonable to suppose on these results that additional components are
involved in the natural mating communication system of this species. Not-
withstanding, the finding that a specific chemical component can modify
close-range orientation and precopulatory behavior has importance to the
mating disruption technique, in which the pheromone or pheromone-related
chemicals are dispersed throughout the air to prevent mating. Obviation of
long-distance mate finding may not prevent mating (Cardé et al., 1975b) since
attraction and mating behavior each may be modulated by a precise blend
and concentration of components.

The complexity of manipulating pheromonal communication has been
pointed out by Rothschild (1974) in disruption trials with G. molesta in
Australia. Dodecyl acetate (12: Ac) emitted simultaneously with an attractant
blend of c8-12:Ac containing ca. 3-7% t8-12:Ac from a single dispenser
locus depressed male trap catch relative to the attractant blend alone (Roelofs
et al., 1973; Roelofs and Cardé, 1974a; Rothschild, 1974). However, atmos-
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pheric permeation with 12:Ac released from spaced evaporator stations
elevated the catches of nearby traps baited with the attractant blend alone
(Rothschild, 1974). When permeating the atmosphere, 12: Ac may habituate
or modify the close-range behavioral repertoire normally elicited by additional
components such as 12: OH. This habituating effect on close-range behavior
could result in increased trap catches with traps baited only with the
attractant blend.
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