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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 : OH) 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 close-range precopulatory behavior. 
Interestingly, cis-8-dodecen-1-01 in extremely low ratios to the attrac- 
tants (1:333) appeared to duplicate the activity of 12:OH 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, 
the closeness of the males' approach to c8-12: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. 
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variance, with differences among means being determined according to 
Duncan's new multiple-range test. 

Wild male behavior in the vicinity of a pheromone-baited 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' die1 response interval 
as shown by an automated trap (Comeau, 1971) indicating time of attraction 
to synthetic pheromone. Data from the tape recordings were analyzed subse- 
quently with the aid of a stop watch. 

Additional studies of male behavior close to an attractant dispenser 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 10-1 5 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 utilized 
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 accordedequal 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 
lightldark regime at 22OC. 

RESULTS 

Attractancy of Males to c8-12: Ac and to c8-12: Ac with ca. 7% t8-12: Ac 

The attractancy (trap catch) of a multicompound blend such as 180 pg 
c8-12: Ac + 20 pg t8-12: Ac or these compounds plus either 600 pg 12: OH 
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or 0.6 pg c8-12:OH, 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 <0.5% t8-12: Ac, undetect- 
able by GLC) and 200 pgc8-12:Ac with 6.8% t8-12:Ac. In several 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 c8-12:Ac were noted, 
although equal observational time was accorded both dispensers. A related 
apple-feeding oleuthrutine, G. prunivora (Walsh), would be lured to pure 
c8-12:Ac (Roelofs and Card&, 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 anemotaxis under 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 c8-12: OH on Male Trap Catches 

The roughly twofold increase in male trap catch effected by the addition 
of dodecyi alcohol (12 : OH) (Roelofs et al., 1973 ; Roelofs and Card&, 1974a) 
and 8-propoxyoctan-1-01 (PrO-8 : OH) (Roelofs et al., 1973) to c8-12 : Ac 
(3-7% t8-12:Ac) suggested the potential of c8-12:OH and 12:OH for 
affecting male behavior, since these 4 compounds likely could interact with 
the same hydroxyl and terminal Cii active sites on a male antenna1 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 pg 
of c8- 12: Ac with 4-8% t8-12: Ac (attractant) and various added quantities 
of c8-12: OH. One trial (Table 1, Test 1) showed that c8-12: OH 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:l 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 : OH 

USING SECTAR I TRAPS -- 
Treatment Malesltrap (X)" 

Test 1 (August 13-20, 1973) 
200 fig Attr. 40.6 a 
200 ,ug Attr.+6 pg c8-12:OH (3.5% t8-12:OH) 43.0 a 
200 fig Attr.+60 fig c8-12:OH (3.5% t8-12:OH) 17.4 c 
200 fig Attr.+600 fig c8-12:OH (3.5% t8-12:OH) 8.2 d 
200 pg Attr.+6 fig c8--12:OH (7.8% t8-12:OH) 29.2 b 
200 pg Attr. + 60 pg c8-12: OH (7.8% t8-12:OH) 18.2 c 
200 fig Attr. + 600 fig c8-12 : OH (7.8% t8-12 : OH) 4.6 d 
Unbaited 0.0 e 

Test 2 (August 27-31,1973) 
200 fig Attr. 20.6 cd 
200 fig Attr.+0.6 pg c8-12:OH (< 0.1% t8-12:OH) 33.3 a 
200 jg Attr.+2 fig c8-12:OH (< 0.1% t8-12:OH) 23.8 bc 
200 fig Attr.+6 fig c8-12:OH ( ~ 0 . 1 %  t8-12:OH) . 16.3 d 
200 pg Attr.+20 pg c8-12: OH (< 0.1% t8-12: OH) 9.9 e 
Unbaited 0.0 f 

Test 3 (May 17-22, 1974) 
200 fig Attr. 8.0 b 
200 fig Attr. 4-0.06 fig c8-12:OH (6.6% t8-12:OH) 11.2 ab 
200 ,ug Attr.+0.2 pg c8-12:OH (6.6% t8--12:OH) 11.3 ab 
200 us Attr. +0.6 pg c8-12: OH (6.6% t8-12: OH) 17.4 a 
200 pg Attr. +2 pg c8-12: OH (6.6% t8-12: OH) 14.5 ab 
Unbaited 0.0 c 

a Within each test, treatment means followed by th; same letter are not sig- 
nificantly different at the 5% level. 

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: OH 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:OH, 12:OH, and c8-12:OH to c8-12: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 



close-range searching behavior. Comparative observations of male behavior 
within 1 m of Pherotraps 1C baited with either 200 pg c8-12:Ac (6.8% 
t8-12: Ac) or 200 pg c8-12: Ac (6.8% t8-12: Ac) and 600 pg 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 pg 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 pg 12: OH 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 56.4%, where the confidence interval (c.i.) 
at t = 0.95 extends from 40.8 to 72.0%, whereas the attractant plus 12:OH 
resulted in 92.5% of the males being captured, where the c.i. at t = 0.95 
extends from 80.1 to 98.4%. The communicative function of 12: OH added 
to the c8-12:Ac (6.8% 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 utilizing assays 
which allowed continued observations of male responses. 
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Behavioral Effects of 4 Minutes9 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 I). During the first 

Bspsu Trwhnmts - l00.i~ c8 12 Ac (6 87. tl $ 
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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. 



During first 30 sec 

Time 
Time fanning/ 

Stimulus flying ( X )  walking ( X )  

Initial behavior 
,-- 

Time 
Time 1st 
1 st fanning/ 

flying (X) walking (X) 

a **, *** differ from Xof c8-12:Ac (6.8% t8-12: Ac) at P-= 0.01 and P< 0.001, respectively, 
according to the t 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 c8-12: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 c8-12: 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. 

Eflect of Dispenser Charges of 1 to 3000 pg c8-12:Ac (6.8% 18-12: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 4. MALE BEHAVIOR NEAR 60-CM ARENAS BAITED WITH 10 p~ C~S-~-DODECENYL ACETATE (6.8% t8-12:Ac) PLUS 
DODECYL ALCOHOL (12 : OH) 

% Landing % .Fanning 
No. males on table on table 

pg 12: OH observed topa topa 

% Displaying 
on table 

topa 

Orientation 
time, sec 
(xk SEIb 

Fanning 
time, sec 
(xk SE)b 

Closest 
approach, cm 

(xk SEIb 

a Percentages in the same column compared to the treatment lacking 12: OH according to a 2 x 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:OH according to a f test: * indicates P< 0.05, **P< 0.01, 
***P< 0.001. Orientation time includes a11 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. 



FIG. 2. (A) Male abdominal tip with hairpencils forcibly extruded, (B) Laboratory 
male everting his hairpencils on a rubber septum charged with 10 pg cis-8-dodecenyl 
acetate (6.8% trans) and 10 pg dodecyl alcohol. Electronic flash duration was 

1 /lo00 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 fanningy and in the closest approach to 
the chemical dispenser while walking on the table top. Since the lowest 
dispenser dosages (1 pg) 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. Otherwisey continued upwind anemotaxis toward the chemical dispenser 
would be expected. 

Efect of 12: O H  with 10 pg c8-12: Ac (6.8% t8-12: Ac) 

Addition of 300 pg of 12: OH to 100 pg of c8-12: Ac (6.8% t8-12:Ac) 
produced responses generally similar to those evoked by 100 pg c8-12 : Ac 
(6.8% t8-12:Ac) aloney although the simultaneous emission of 12:OH 
elevated the frequency of landing and produced a closer approach to the 
chemical dispenser. Since 10 pg of attractant on the dispenser was the lowest 
charge level that elicited increased responses in the tabulated behavioral 
parametersy male responses to a combination of this charge plus 1-100 pg 
of 12:OH were examined in another experiment (Table 4). The response 
values for 10pg 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 42% of the males (51% of those landing) observed in the 10 pg 
attractant : 10 pg 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 
timesy followed by a turning to face the septumy repeating this sequence until 
the male would abruptly fly away. Males would often crawl onto the septumy 
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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No. 
10 fig Time No. eversions 

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

12: OH displaying (;? Â SE) (x k SE) (X k SE) (-? k SE) 

a 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- 
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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CHEMICAL STIMULUS- RESPONSE REACTION CHAIN 

Stimulus Response 
1 MALE RESTING 1 

OR FLYING 
PRESENCE OF 

c8-12:Ac 
(6.8% trans) 

UPWIND 

CONCENTRATION 1 c8-12:Ac 

0 I 

(6.8% trans) 1 \I CASTING 

ORIENTATION 

1 LANDING 1 

FANNING WHILE 
WALKING TOWARD 
STIMULUS SOURCE 

DISPLAY 

FIG. 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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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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