
Reiinestigation of Oak Leaf Roller Sex Pheromone Components 

and (he Hypothesis That T 3 - q  Vary with Diet 

he sex phei omone s] stems of closely 
related toitric td moth species (1 have 
pioved to be vciv inteiestiiig since 
subtle changes in pheromone component 

1 . i<ttio-- 01 composition can effect specifici 
t i  among s \  nipatiic spei-ies We have 
studied the pheiomone systems of man) 
tortricid species including a niir~iber m 
the genus At<11ip\ and have found them 
'ill so t'Ã̂ to consist of two to toil1 
pheromone cornponeiits Kcpoi t s (?A)  
on the sex pheiomone of the a t 4  leat 
iollei 41 i. hips \emifeiani~\  howcvei 
wggested that sexual communication in 
this tortiicid diffeis decidedlv from that 
in the others 19 involving at least ?I 
components Mor eo\  ei the results ot 
the pievious /l ',rtnifi'i(inn\ studies h;i\e 
led io a propos;il of st.utling new con- 
cepts in insect chemical commiinictitioii 
and evolutionar\ biology that ijei~i~ind 
evaluation In  essence Ã‡ lei-en1 iepoit 
(? )  indictited tti.11 slight changes in host 
plant constituents would be ieflected in 
i.o~respondina changes in the sex pheio- 
nione coniposition MOI e specif i~alh it 
was suggested that oak leat iollei moth 
females relied on one spei-ies of oak 
would emit a \ e \  pheiomone difterent 
from those produced by female'. ieaicd 
on othei species ot oak Diffeiences in 

A Pinto bean medium 

r A 14Ac 

8 t i 1  14:Ac 

C c l l  14:Ac 
68% 
B 

!he dietaiv factois weie then hvpothe 
s i x d  to piovide the evolutiona~ y mecha- 
nism foi diversifiation ot some insect 
species I his hypothesis and mdny ie- 
m o d  nje'is weie developed fiom obseiv- 
ing th'it ( I )  oak leaf iollei moth females 
levied on semisynthetic diet without oak 
ietives did not pioduce detectable quan- 
tities of pheiomone' (11)  the reported at- 
tractant pheionione en- !0  te t~~idecenyl  
acet'ite (7). was a bettei attiactant than 
othci tctiadecenvl acetate isomeis toi 
onl) p i r t  of the 2 week ridult flight pen- 
od: (in) pe.tk atlrdctancv of the various 
14-ciiihon x e t a t e  isonleis occuiied at 
distinctl\ diffeient times duiiiig the flight 
peiiod (this led to  the intcrpieiinion that 
A \~>ni f (>~ann' i  was evolving suhgioups 
on the diftereiit species of <-\>k): (iv) male 
oak leaf i ollei s h'iii pencilled and attempt- 
cd to copulate will1 dain'iged oiih leaves- 
'ind ( \ )  ' i t  I ~ J M  2 1 isoniet ie te t rdeceny I 
,iceitire compounds weie found in oak 
letit iollei moth pheromone glands and 
sonic ot the components ol this c o n i p l e ~  
were found in .ill life stages of both male 
m d  ternale moths, as  well as  in varying 
composition in leaves of se\eial oak spe- 
cies 

W e  have investigated ,I population of 
oak leaf I ollei s in the same geogi aphical 

area used by the other investigators and 
oui findings directly contradict the new 
hypothesis and most of the evidence on 
which it was ba-~ed We find that the sex 
pheiomone is a 67 : 3 5  mixture of inirfi- 

11-tetiadecenvl aceiate (111-14 Ac) and 
( i s  - 1  1-tetitidecenyl acetate (~11-14  . Ac) 

At <.hip\ m i f ( ~ t a i ; ~ t s  larvae (6) were 
ieaieti successtull~ on a pinto bean- 
based ai tificial medium (7) without addi- 
tion of oak leaves 01 oak extract The 
abdominal tips of ? to  3-day-old virgin 
females 4 hours into scotophase (16 
houis light 8 houis darkness) were ex- 
tiacted by soaking in methvlene chio- 
iide Flectioantennogram (EAG) (8)  as -  
say of P-minute collections of c r~ ide  ex- 
tidct effluent from a nonpolar (OF7-1) 

! 
gas-liquid chron~atography (GLC) col- 
umn (9) revealed only one aiea of activi- 
ty. which coincided with {he retention 
times of standard monouftsaturat d 14- 
carbon acetates Material from the ctive 
fractions was collected from a pol, ! (XF 
1 5 0 )  G L  C column (10) and EA, 2 acu'vi- 
t y  was again found onlv at the retention 
times of standard monounsaturated 14- 
caiboii acetates In the 14-carbon acetate 
legion Xi,-  1 1  5 0  GLC tracings of crude 
female tip extract and the active region 
co l lc~ ted  horn OV-1 were identical 
Both ievealed three very prominent 
peaks in the same ratios two of which 
cleailv coincided with the E AG active 
region (Fig 1 )  Upon pu~ification b y  
G1.C. components B and C were both 
highly BAG active but component A was  
not The three major components were 
identified as  letiadec]l acetate (14 : Ac)  
t l l -14  . Ac, and cil-14 : Ac. respective- 
ly, as follows Components A B, and C 
weie shown to be acetates by saponifica- 
tion and reacelylation Samples of these 

5 Tetradecenyl acetate evidenced by: 

I ' 1  ( 

Corresponding aldehyde 14:A 

[I Corresponding I 

aldehyde acetate 

Minutes Minutes 

Fig 1 (4 )  rip extract fiomA ~emtferanu\ females reared on pinto bean medium fractionated on an XF-1150 column at 154'C Hie GLC tracing of 
crude exuact and the BAG response (\hading) to the 14-carbon acetates from crude tip extract collected from OV-1 are shown (B) GLC tracing 
(OV-1) of microozonolysis products of the 14-carbon acetates from ciude tip extiact collected from OV-1 
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i i ~ ~ i i ~ t l  \\ith \ ~ i . i i . ~ i l i  KOli 111 1 1 ~ i . l l l . i ~ d I  

\ i ~ I l l i t l ~ !  pioillii. 1'- 11 I \  i l ? ~  I 1  l ~ l l ! i < ) i l  tn'iirs 
( \ [  - 1  lT0) ~kntn- . i l  lo ' i l u ~ c  ol iittidei-,i 
no1 m i \ -  l I- timi i ; \ - I  I- tctidccen-I-ol 
( / I )  I ieiitnicn! ot the hvdiolvsis pio- 
diii-t\ with .icct\ l ~ h l o i i d c  i;<i\c p io l iu~is  
possessing the oupiiiiil ictcntion times 
on XF-I 150 

The ~ornponcnt  inixt~ne \v.is then sepa 
' i t ed  b) sill ci nttitttc thir~-ki\ei chio- 
matogtaphi ( 1 I ( ) ( l ? )  C ochiomiitogiri 
phy of the ~i iide pheion~one extiact from 
W female tips with 12.caibon acetate 
standards vielded thiee T I  C bands 1 0 1 -  

iesponding to s ~ t u i ~ i t c d  in in \ .  and en 
compound diei\'- I-'ti-h of the thiee 
bands yielded <I -iinyle niajoi peak (1 Â¥? 

when analwed l->\ G I  ( (XF-l l50)  Pie- 
cise ictention times ietatike to an jnter- 
nal standaid ( 1 5 -  I 1 Â¥pentadecen I ai-e- 
trite, showed that ( I )  the component in 
the top 1 1  C  aiea ( ~ t u i a t e d  compounds) 
had exactl\ the siiiiic ieteiition value as  
14 : Ac (n3ctin ^ stiiniJ<iid deviation 
() 567 -i. 0 002): (11) the component in the 
second band (tt(111'i compounds) had a 
value matching th,U of t l  1-14 4c (0  641 
t 0 001 compared to 0 640 Â 0 002 tot 
t l l - 1 4  : Acand0 6% 0 002foi 110-14 : 
Ac), and ( i n )  the component in the thud 
I I C band (( Ã compounds) had a value 
matching that of c l  1-14 At  (0 702 5 

0 004 compiiied to 0 704 + 0 0 0 2  foi c l l -  
14 : At and 0 684 + 0 003 foi c l 0  14 . 
Ac) The idat ive retention times foi all 
othei i i ' i  and l t i i i r \  14-c.iibon acetate 
isomers were significantly different tiom 
those for the isolated compounds 

Microozonclfiis of nidteiial (?000 10 
3000 ng) collected fioni the 1 &carbon 
acetate reaion from OV-1 \ielded 1 1 -  
oxoundee\l iicetate (14) Aside t i  on1 
component 1 whii h w'is unaiteied b\ 
ozoriolysis (Fig 1 )  no evidence was 
found tor the pie-ience at  other isomeric 

14-carbon acctdtes (the level of detection 
was 1 peicent of the 1 1 -cat bon aldehyde- 
acetate pioduct) Theiefoie. the only 
monounsatui:ited 14-cat bon acetates de- 
tected in the pheromone glands weie A 
11-14 . At's 

Similai chemicdl ' tnal~ses of phcio- 
mone gland extiacts were peifoimed on 
A wmifennui's thai had fed on chestnut 
oak (QIM'I c I ( \  pnnu \ ). black oak (Q i dii-  
tinu) and white oak ( Q  (11ba) in the field 
( 15 )  The XP-1150 GI C piofiles of tip 
extracts fiom females ieaied on the thiee 
oak species were virtually identical The 
GLC piofiies of extracts from females 
ieaied on oak differed significantly tiom 
those of exti acts fiorn females teared on 
aitificial medium (Fig 1 )  in onl) one 
respect In the toimer profiles a peak 
representing about 8 to I ?  peicent of 
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ih('\<~ in tht 14-~.t!hi.)r1 ,icetitti; :egi<):? 

i.onipom'nt~ in the 1 4-c;ii hon acetate ic- 
gion ot all e\ti;icts shiiicil these sini- 
iliiiities: ( i )  iilenticiil G1.C retention 

I he component-i in the 14-c;irlxon ace- 
due iegion of the pheiomone extiacts of 
teniale'- tioni each t )  pe 01' oak were pm i- 
fied b\ G I C  am1 identified ;is 14 : A c .  
111-14: Ac a n d c l l - 1 4 :  Achy (;LC iel- 
ativ e I etentioii times itnd niicroozono1)- 
sis in each case As in extiiicts of moths 
reaied on artificial medium, mino-  
ozonolb sis ievealed no detectable quail- 
titics of othei isomeiic tetiadecenyl ace- 
tates when conducted on nioic than IOOO 
ng of collected pheionione 

Flectioantennogian~ piofiles weie i e -  

fable 1 Field atiiactiince of synthetic coni- 
pounds and v i i g i n  females for male Auhip\ 
\ennfuel111\ let! 1 was conducted on 2 to 6 
bilk with Sect* 1 imps sp;tced 15 to 20 111 

apait: tiaps within the foul replicates weie 
iciandomized daily 1-est ? was coniiucted on 
4 to 6 Ju ly  with Pheiocon 1C tiaps spaced 35 
to 70 In apai t:  naps within the tour leplicates 
v.eie ~eiandomized daily test 1 was con- 
ilucteil on 5 and 6 hily with Pheiocon 1C traps 
spaced 2 5  to 'U) ni apart; naps within the six 
replicates weie ierandomized daily Means in 
the same test followed by the same letter aie 
not significantly diffeient ;it the 5 peicent l ev -  
el Chemicals were loaded on rubber septa 

 ales per nap 
I ieritmeni (mean) 

- --. - . ---- - -- -- - 
I (  $ 1  I Hh'< 1 01 dl \/)c/T'cI do$tige 

7 0  Peicent t I  l in cll-14 Ac 
10 pg 4 5 d  

100 pg 17 Oc 
S rng 55 0 a  

10 nig* 0 Od 
lOpg + 2 5  peiceni 14 Ac 5 , s  d 

10Opg T 2 5  peicent 14 Ac 18 Oc 
1 nig i 2 5  peicent 14 . Ac 3? 0 b 

10mgt25pe icen t14 .Ai*  O S d  
Dnbaited 0 5d 

lcsi ? Â£ff<'f uj I4 A( 
70 Percent I l l -  in e l l  14 . Ac 

I mg 91 8ab 
n i g i  5peicent14 Ac 101 1 a 
1 mg + 25peicenf 14 Ac 57 Ob 
I mg ' 500 pei cent 14 Ac 57 O b 

L1nbtiited 0Oc 
IP\I  3 ^vnthel/( (:oniptiuiui~ (.ompoied t o  

\ 11 f in fennilt 5 

cll-14 AL ( 1  me) 0 Oh 
111 14 Ac(lnig) 0 O h  
cl0-14 Acll nig) OOb 
L +  1 4  Ac(lnig) 0 Oh 
70Peicent t l l -  incll-14 124 ? a  

Ac ( 1  me) 
Iwo (3-dti) old) vngin female5 81 0 a 
Unbaited 0 Oh 

* I  his was di5pensed in  polyethylene caps (OS-6 
Natural !'ol)elh\ lene Closiitcs Scientific Products) 

# c ~ ! n n \  m;ile-> from rirtificial medium as 
well a s  tiom the v;iiious oaks In the 
sencs of 10- to 16-caibon acetates alco- 
hols and aldehydes tested the 14-car- 
11013 acetates cleail\ elicited the gieatest 
antenna1 icsponses No ~gni f ican t  diffei- 
ences n e i e  evident in the E \G re- 
sponses ot the tout male t lpes  Fach 
piofile. compiled tioin ten replicates 
with at le;ist seven different individuals 
was identical to all otheis In evei) case 
the antenna1 iesponse was gieatest for 
c l l  and 111-14. Ac (18) 

Responses of lahoiatot y ieaied male\ 
to c10-14 : Ac [the iepoitei.1 rn'11oi attiac- 
tant 01 A $ 4  ut/fruiim'i ( " ) I  c 11-14 : Ac 
1 1  1-14 : Ac. and mivtines of c l  1 and 
1 1  1-14 : Ac weie measiiied by bioassays 
with glass tubes suited for observing 
both excitation and oiientation (19) At 
I dosages tested clO- c l  I -  and t i  l 
14 : Ac tested alone elicited no signifi- 
cant iesponse Howevei various binary 
niixtures of c l l t  and r l l - 1 4 :  Ac weie 
highly active in bioassays eliciting wing 
fanning orientation to the souice of 
these componn(1s and copulatoi y at- 
tempts with other males In these labora- 
tory behavioial tests. male moths ie- 
sponded to a range of rnixtuies adminis- 
teied at 10 ng per filter paper dispenser 
All those between 80 and 30 percent 
t 1 1 -  in c l  1-14 : Ac elicited significant 
( P  < 05) wing fanning (32 to 70 percent) 
and onentation (9 to 35 percent) re- 
sponses conipaied to background; how- 
eve1 highest values were iecorded in the 
i;inge of 50 to '70 peicent t i  I -  in cl l -  
14 : Ac In the same series of tests. V-s 
female equivalent of tip extract elicited 
iesponses similai to those to  10 ng of the 
A- l  l mixttiies (64 percent wing fanning 
and ^\ percent otientdtion iesponse) 
This is consistent with oui findings that 
female tips contained about 40 ng of c 1 1 -  
and 111-14 . Ac s 

As was tiue for males f i ~ m  the pinto 
bean diet. c l0- .  e l l  . and 111-14: Ac 
alone elicited no wing fanning or orienta- 
tion fiom male A ^emifrronus from 
white and chestnut oaks (20); but both 
gioups responded similaily (70 to '75 per- 
cent wing fanning 66 to 68 peicent orien- 
tation) to a 70 percent mixture of t )  1. in 
el l -14 : AC 

Field tests of the pheiomone com- 
ponents identified from A ~etnife~onu'i  
females and related compounds were 
conducted at the site of larval coiiections 
(15) The tiaps. either Sectar I or Phero- 
con 1C weie hung throughout the forest 
(it a height of about 1 5 to 2 m (2/) In test 
1 vai ving dispenser loads of t 11- and 
c 1 1-14 . Ac in the naturally occuriing ra- 
tio ( 7 0  : 70) weie tested (Table 1 test 1 )  
One milligiani of the mixture on a rubber 



bon acetate isomeis. including c l0  might influence the attiactancy of the ml/min; 1100 to 225'C the c o h ~  at 5'/rnin oven with wasprogrammed an initial hold of at 7 
14 : Ac. attracted no males On 9 luly 70 : 30 mixtuie minutes F.lectroantennogram activity (3 t o  4 5 
19'75 t4 14 : Ac and c i -  14 : 4c  were add- In sumlnary. we found Ihat the phero. ~ ~ ~ ~ o $ ~ ~ ~ ~ ~  a ~ ~ ~ ~ ~ e ~ ~ ~ ~ ~ ~ e ~ $ & $ i  
ed to the experiment These and the mones produced by female A semi- acetates are eluted at 22 to25  minutes 

other 14 caibon acetate iwmers from ferm7us reared on a semisynthetic diet lo ~ $ ~ ~ $ ~ ~ ~ ~ p ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ $ ~ ~  
test 3 were tested over the iemainder of and collected fiom the foliage of three mesh Chromo\orb W was used isothermally at 

154'C and an N, flow of 35 mllmin 
the flight peiiod (25)  Fiom ^ to 16 July a difieient oaks did not diffel qualitatively ~ n a n ~ F - H 5 0 c o l u m n a t ~ ~ n d i t i ~ n s a p p r ~ ~ i ~ a t -  
total of 1456 oak leaf iollei males 01 quantitatively I n  all cases females ing those given in (10) retention to that 

of c11-15 . Ac was. for components A to C 
242 2 61 6 per trap) were caught in the produced t l1- and cl  1-14 : Ac in a ratio 0556 0631 and 0697: for saponification pro- 
six replicates of the 70 : 30 mixture of ven  close to 67 : 33 Males from the ~ ; ~ ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~  
ti l and cl 1-14 : Ac. while the othei difteient diets responded identically in A t o C  0 555 0 630 a n d 0  695,for 14 : Ac, i l l - ,  

ti eatments caught no males ~ A G  tesf\ and i21~,oratory bioassays; in and c f l  14 : AC stmiards. 0 555. 0630% find 
0694; and for 14: OH,  t l l - ,  and c l l - 1 4 : O H  

In anothe~ field test the ratio of tl1. to the field, males were tiapped only by standards 0 632.0 720 and 0 795 
12 Silica gel G plates containing 30 percent silver 

cl  1-14 : Ac was varied (Pig 2) the tet- tleatmentS cloiely appioximating a were washed by development in 10 per 
cent ether in benzene Component separation radecenyl acetates were free of other 6'7 : 3 3  mixture of t i  1 .  and cl l-14 : Ac 
was achieved by ~levelopment spectrograde 

positional isomei s (purity > 99 9 per- Over the entire field season 4242 maleA benzene In our system 14 : AC, irons and c i s  

cent) and all ratios were established by ~evztfer[i11!,5 were caught by tiaps con. ~ r $ ~ ~ ~ ~ ~ ~ ~ t ~ ~ n $ ~ $ ~ ~ d ~ 6 a ~ $ ~ ~ $ t ~ ~ ~ ~ ~  
G I  C analysis on 10 percent XF-1 150 raining mixtures of t l 1 .  and c11-14 : Ac 0 64, 0.54, and 0 37, respectively 

The range of ratios that caught males while no male5 weie caught by traps l 3  E m  
Was surprisingly narrow Optimal male containing various 14-carbon acetates carbon acetate standards Similax compounds 

were present in all thin-layer chromatograms, 
catch occuired at 66 percent t l l  - in c l  1-14 alone These findings contradict the pre- including controls to which no standards -ere 

applied : Ac and exactly reflected thecomposition viously ieported evidence that A setnl 
,4 Microo~onolyse~ were wnductd to 

of these components in the female phei o -  f ' e m u \  phei omone pi oduction and pel- the methods of M Beroza and B A Bier1 [Anal 
mone gland -I he nairow range of attrac ception vaiy yith slight dietai y changes $~a~9yz~3~n(1?2]O$~2n %E 
tant ratios could be important in repro- (26) Although we expect that major gran~med from 100' t o  170Â° at Wmin The 

ductive isolation, since other related changes in the composition of nutrients $ ~ g T ^ T p f ~ c y ; ~ d ? ~ : t : ;  
sympat~ic tortiicids utilize the same two in an insect's diet could affect phero- of a chain length greater than four carbons and 

aldehydes of a chain length greater than six 
components but in different I atios ( 1  ); mOne production, fie contend that pOS- carbons were detectable under these conditions. 
A n  h i p  a i g \ i m p ~ / ~ s  uses a 30 : 70 ratio sible slight changes in the 14-carbon ace.. ll-OxoundecyI acetate was eluted at23 410 23 8 

minutes 
of t 1 1 -  to c 1 1-1 4 : AC and Arprotaenia tate ~0mpo~i t ion  of oak leaves do not 15 Between 14 and 1 2  June 1975 about 300 larvae 
velnnmm, a 7 : 93 ratio Also. Archip\ alter pheiomone composition and per $ ~ ~ ~ ~ $ $ [ [ n ~ ~ ~ ~ ~ ~ ~ f ~ & ~  
podana of Europe utilizes a 50 : 50 ratio ception in A wmifetat~us and do not tion ofA -semi eranu9 on Boone Mountain 5 km 

north of Penfield in Elk County. Pa In this (24) The first two species utilize dodecyl constitute a mechanism for rapid evolu. ,wtio,, the forest is predominantly oak The 
acetate as an additional component and tion of repi oductive isolates order of prevalence was chestnut, black, and 

J R MILLER,  T C BAKER* 
white, plus a scattering of led and scarlet oaks. 

some tortricids (25) use ~ 9 - 1 4  : Ac as a This aiea was heavily defoliated during 1973 and 

~cpulf11 v>i^ vei) i~inictive to 4 M I / U -  400 t- References and Notes 

It 1 (07! i^  ni,iles ;ind caught signifi~iintlv a 1 A S Hill and W I Roelofs, J Chem Ecol 1 
nuii c 11i.ilcs thiii1 did highel 01 l ~ w e i  91 (1975), W Roelofs. A Hill, R Carde. ihid , 
do-icigcs (.?.?) In  the s i ~ n e  lest vat 1 ing 5 300 - p 83; A S. Hill R T Carde. H Kido, W L 

Roelofs hid . p 215; W Roelofs A Hill. R 
dosages of the t 1 1 and (. 1 1 14 : Ac mix- 5 Carde J Tette H Madsen I Vakenti Envi- 

ran. Entorno! 3 .  747 (1974) 
l inewe1esupplementedwi th?5pe icen t  2 L B Hendry. 1 K Wickmann D M Hinden- 
1 4  : Ac since this cbmpound was tound 3 *0Â 

pheromone component Field tests with R T CARD&,* W 1 ROELOFS 
~ ~ a ~ ~ d ; ~  

c9-14 : 4c and cl0-14 : Ac at 2 and 5 Depwrmenf of Entomologv, Not YorA criminatively, 
pupae ohtaine percent and dodecyi acetate at 10 50. State Agrrculturd E\penmenf Station, A 9e,nifera,,us 

and 400 percent of the 1 mg 70 : 30 mix- Geneva 14456 fiom parasitism 
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i n  fenlale extracts in approximately that E 
ratio At ? 5  percent 14 : Ac ieduced -5 

- 
% i lang R 0. Mumma M E Anderson Science 

I I 188. 59 (1975) 
I I 3 L B Hendry. M E Anderson 1 Jugovich. R 
I I 0 Mumnia. 11 Rohacker Z Kosarych ibid 
I I 
I I 187. W ( 1975) 

trap catch by about 40 percent, although loo - 
1 1  4 I- B Hendry. J Jugovich, R 0 Mumma D 
/ I the 1-mg dosage remained optimal Fui Robacker. K Weaver M E Anderson Es 

I \ 
/ perietitia 31 629 (1975) 

the1 field tests with higher and lowei \ C  c 5 1- B Hendry J lugovich L Roman M 
0 ~Ã‘-O--G- - - Â ± ~ a - - - +  E. Anderson R 0 Mumma. ibid 30 886 

percentages of 14 : Ac (Table 1 test 2) o 20 40 60 80 loo (1974) 

showed that at veiy low pelcentages this 6 Egg masses were collected in Moshannon State 
t l l -  inc l l -14  Ac(%) Forest Flk County Pa December 1974 to Feb- 

compound had little effect on tiap catch pig 2 irap catches of A \t>m,jercin,,', males niary I Y V  

and that at veiv high percentages i t  with vailing ratios of t l 1 -  and cll-14 : Ac ' , r h e , d i e ~ ~ ~ ~ ~ y ~ ~ ~ " ~ ~ ~ ~ f , ~ Ã ˆ  
caused onlv moderate inhibition This test was conducted from 6 to 16 July 1975 which with the vitamin mix- 

ln lest a r a b l e  1 )  the attiactancv of 1 u ~ n g  Sectm tiaps w e d  15  to 20 n? apait tine used in the wheat germ diet of G M Chip 
1 he six replicates were ierandomized each endale and S D Beck [Etitornol Exp Appl 7, 

%I (1964)l and 0 35 percent Aureomycin 18 mg of the  : mix tu l e  proved day between 8 and  11 July Means for the percent ,oluble ( B ~ ~ . s ~ ~ ~ ,  lnc E~ masses 
petlfive with a treatment of tv.0 virgin tieatmenis marked by the same letter were were sterilized by submersion in 10 percent 
females It I S  notewoithy that the three not significantly different at the 5 percent lev- formalin for 30 minutes One or twolarvae were 

reared on about 8 g of diet dispensed per 30 ml 
pans 0t oak leaf iollei females tiom plastic cup Larval to adult development took 

white oak two pans fiom black oak and 34 to 40 days at 27'C Rearing success was 60 
to 80 percent with most of the mortality occur 

one pail honl chestnut oak all caught tuie of t 1 1 -  14 : Ac and C I  I -  14 : AC did ring in the first instar 
8 W Roelofs A Comeau \ Hill G Milicewc, similar numbers of males during the test not inciease trap catch Nevertheless. 174 2997 (1971) 

(mean -- 81, mean = 60. and 120 males we do not exclude entirely the possibility 9 We used a glass column 6 feet (I 8 m) long with 
inside diameter 4 mm packed with 3 percent 0V- pel trap respectively) Vaiious 14-cai - that othei undetected trace ConlpOnentS 1 on 100/120 mesh Gas.Chrom 0: N, flow was35 



Id lh i \  ~ ~ n w ' u i t d  i s  a 14-carbon acetat<# dnce 
J x ha\ a reiendon time ~ g m f i ~ a n t l y  shorter thai? 

1h.51 ot'anv of the 14-carbon .tcei<ne stand.iids 
17 The range of ratio> of peak f? to peak C was 

64 : 'W> to 70 . 3 0  (inc~in o7,2 12 8) The ra 
t io '~  of peak \ t o  peak\ I3 and C vanedfiom 15 to 
30 percent within each type of extract Samples 
of ten tips each were analyzed in triplicate 

18 Similar BAG results, were obtained by Fiendry el 
at (4) for a pooled sample of field-collected 
males 

19 For details of theapparatus see I Baker [thesis. 
Cornell University (1975)) Maleswere assayed 
4 hours into scotophase (16 houis light (1400 lux) 
and 8 hours darkness (2 lux)] by using a random- 
ized complete block experimental design (12 rep 
licates, 10 males per tube) The key response 
scored was fanning of the wings for I second or 
longer during the 60-iecond observation inter- 
val Upwind orientation was based on the nuin- 

# ber of males crossing a line 10 cm from the 
I pheromone dispenser in the 1 nl tubes 
i 20 Ten replicates were tested with five males pel 

bioassay tube Insufficient males from black oak 
were available for statistically valid bioassays, 

'.. however in the three ieplicates tested these 

i males responded only to the 70 : 30 mixture of 
t i  1 and cl l 14 Ac (53 vercent wine fannine. 11 

^ , 
'{ 
'f 

I 
I 
I 

were rerandomized within blocks every day 
Data s e r e  submitted to analyses of variance 
after being transformed to (.r + 0 5)In rhrough- 
out. means followed by the same letter are not 
significantly different at the 5 percent level, as 
determined by Duncan's new multiple range 
test 

22 Dispenser dosages were varied at decade steps. 
down to 0 01 ng per septum 

13 These treatments were not rerandomizcd be 
tween I 1  and 16 July 

24 C 1. Persoons, A K Minks, S Voerman. W L. 
Roelofs. F I Ritter, 1 Inject Ph] siol 20. 1181 
(1974) 

25 A K Minks W L Roelofs. F. I Rittei, I C 
Persoons Science IS0 1073 (1973) 

26 Our findings varied from the previous A semi- 
feranus investigations on several other points. 
We found that male activity peaks between 11 
and 12 p m rather than a t  3 a.m At no time 
either in the laboratory or the field, did we ob- 
serve male oak leaf rollers becoming sexually 
stimulated in the presence of oak leaves, nor do 
they possess hairpencils We found no evidence 
that a separate "sexual excitant" is involved in 
the sexual communication of this moth. 

27 Supported by the Rockefeller Foundation We 
thank S Loerch and M Kavanaugh foi their .. 

percent orientation) assistance in collecting eggs larvae, and pupae 
21 Compounds were dispensed in silicone rubber in the field 

septa (rubber stoppers sleeve type 5 by 9 mm, * Present address Department of Entomology, 
Arthur H 1 homas Company) All experiments Michigan State University East Lansmg48823 
were conducted by using a randomized complete 
block design and unless otherwise stated, traps 4 September 1975; revised 17 Decembei 1975 

Insect Pheromones: Diet Related? 

Abstract The question of the origin of inwc tpheromone'i i\ discussedin the Sight of 
new published information on the communication 0 \tern o f  the oak leaf toiler It is 
concluded thot compound's found in diet', ma\ he particilh iexponsible for insect 
sexual behmioi and that \ub'>tructuring o f  inject populations in ecological and 
evolutionar~ lime thiough diefar\ chemicals ternaim a hpothesi'i fioithv o f  further 
te~ting 

# 

Miller el a1 ( I )  conclude that the oak by an insect of diet specific chemicals for 
leaf roller ( 0 1  R) and perhaps othei toi . olfactory piogiamming remains a viable 
tricids. derive little reproductive capabili- hypothesis (2) [mammalian "imprinting" 
ty from food sources and that the hypoth- 
esis of Hendry et a1 ( 2 )  that "dietaiy 
factors may piovide an evolutionaiy 
mechanism for diversification of certain 
species" is contradictory to their find 
ings Considering the apparently bipolar 
natuie of the conclusions in the two 
studies, I believe that an examination 
of the methodologies is necessary Millei 
et a1 used a combination of electro 
antennograms (F- 4G's) and fiefd testing 
with standard compounds. analysis of 
OLR female extracts using chromatograph- 
ic values in comparison with standards, 
and functional group analysis (such as 
ozonolysis) in comparison with stan- 
dards These methodologies have led to 
the point of view that the chemistry and 
field behavior of the OLR differ from 
those reported by Hendry el a1 and that 
wild and artificially reared females have 
quantitatively and qualitatively identical 
pheromone chemistry 

1 maintain that the close similaiities 
between chemical signals found in in- 
sects and plants ate not coincidental and 
may have important consequence in the 
coevolution of tortricid insects and their 
food plants Furthermore. the utilization 
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of chemical messengei systems by ex- 
ogenous food substances has recently 
been documented (?)I  Ultimately, as- 
sessing the validity of these theoiies will 
require chemical and biological expel i- 
ments designed with minimal ex- 
pectation In this iegard, the theory that 
dietary chemicals may be exceedingly 
impoitant in insect reproduction and 
may be involved in substructuring of in- 
sect populations in ecological and evolu- 
tionary time remains to be tested 

The experimental results obtained by 
Miller et at are in overall agreement 
with our knowledge of the OLR, includ- 
ing the findings that (i) Z- 11- and E-11- 
tetradecenyl acetate (Z-11 TDA and E- 
1 l-TDA) elicited the greatest male EAG 
iesponses; (ii) a mixture of isomeric tetra- 
decenyl acetates (TDA's) was found in 
female extracts: (iii) the 11-positional 
TDA isomer is a significant component of 
the TDA's in pooled extracts of field-coi- 
lected females: and (iv) tetradecyl acetate 
is a significant component of female ex- 
tracts In our methods of chemical analy- 
sis which were based largely on chroma- 
tographic separations and subsequent 
computeiized chemical ionization and 

electron impact gas chromatography- 
mass spectrometry (CI-EI-GCMS), we 
were unable to satisfdctorily quantify the 
amounts of all of the various TDA's 
These difficulties were primarily due to 
the similarities in chromatographic and 
spectral properties ' of the isomeric 
TDA's and the presence of several com- 
ponents of unknown structure in "ac- 
tive" chrornatographic fractions In this 
regard, Miller et a1 report an important 
discovery. that field-reared OLR females 
contained only two TDA's. E-11-TDA 
and Z 1 1-TDA. in an unusually invariant 
and discrete iatio. 67 : 33 Miller et a! 
used ( i )  EAG analysis on OLR male an- 
tennae to locate gas chromatographic 
(GC) "active" peaks in female extracts; 
(ii) GC of crude field -female extracts on a 
polar column (XF-1150) for quantitation 
of exact TDA ratios; and (iii) GC of fe- 
male extracts on a nonpolar column 
(OV-1) and subsequent ozonolysis of the 
active peak to locate double bond posi- 
tions in various TDA's 

Electroantennograms have been used 
successfully to locate active chroma- 
tographic fractions With standards. the 7 

EAG technique has led to the identifica- 
tion of an impressively large number of 
insect pheromones (in some cases with 
just a few antennae) (4 ) ,  and may be an 
important method foi determining "ge- 
netically fixed" similarities in the com- 
munication systems of closely related 
insect species However, chemical sub- 
stances requisite in the natural phero- 
mone systems of several insects, includ- 
ing tortricids, may give only minimal 
EAG responses ( 5 ) ,  while compounds 
with1 EAG activity may have little appar- 
ent field activity Hence, some chemical 
signals that are essential to the natural 
com~munication system of an insect may 
be overlooked by such screening tech- 
niques (6) For example, does the OLR 
antenna1 iesponse shown by Miller et a1 
in their figure 1 at 1 to 2 minutes repre- 
sent a compound that elicits behavioral 
activity? Field testing of all chromato- 

f 

" * 
graphically isolated components of the 
field OLR extracts and subsequent chem- 
ical analyses of active fractions would 

, 

aid in assessing the complete sexual mes- 
sage in the female (7) when compared 
with results obtained by EAG analyses 
Although the EAG technique may be 
very useful in narrowing down choices of ? 

:' 
cei tain types of standard compounds for 
pragmatic evaluations of field appli- i,- 

cability of pheromones, the central ner- 1% 

vous system (CNS) of the insect may be " k $ :?. 
intimately involved in the specificity of 

f - 
chemoreception [CNS interaction may & 
explain why E AG patterns of individual 
components of a pheromone system nor- * .< 



mally do not quantitatively match the 
phciomone in the ternale {8)\ 

'I he detet n~ination by Millcr ct a! (on 
the basis of GC peak areas) ot the in- 
variant 67 : 33  tatio of E : Z-11-TDA in 
01 R females (reaied on three types ot 
oak) appears veil convincing In oui 
chen~ical analyses of extiacts of field 
females (collected as pupae on a variety 
of plants in the summers of 1971 to 1974) 
another component with similar chroma- 
tographic pioperties was found The 
component was identified as teti adeca- 
no! (TDOL) (9). which has essentially 
the same GC letention time asÂ£- I-TDA 
(it)); TDOL was a significant component 
(as much as 50 percent in some cases) of 
the pheromone isolate The presence of 
such a component in the OLR field fe 
male extracts would alter the computed 
E : Z-1 1- f D A  ratios consideiably A 
slight chemical change in the female iatio 
(to < 50 percent or > 80 percent E-11- 
TDA) would totally inhibit male field 
attraction [figure 2 in (!)} Quantitation of 
the E : Z ratios by Miller et al was 
predicated on their finding. using ozonol- 
yses on impressively few females that 
only the 1 1  positional isornei exists in  
field female OLR and that no other 
TI1 A 5 ( 5  1 percent) or o the~  compounds 
ate present However. one i;> at boidei- 
line sensitivity or below when attempting 
to quantitate or identify such small 
amounts ( 1 percent) by GC or coinput' 
erized EI-CI-GCMS (11) 

Although the nlethodologies used by 
Millei et 01 are different from those we 
used I find it consistent with our pre 
vious analyses thatZ- and E-11-TDA ate 
pan of the OLR pheromone system It is 
also possible that some OL,R female ex- 
tracts have 67 : 3 3  ratios of the two TDA 
isomers Further studies based on chem- 
ical analysis of individual insects whose 
dietai y history has been rigorously 
kept--that is, field OLR's reared on 
known specific natural diets (without 
change of plant) from egg to adult---wit1 
aid in the elucidation of variability (teni- 
poral or spatial) in OLR pheromones as 
has been ~epo i  ted in other lortiicidae 
(12) 

One of the most significant reports of 
pheromone inconstancy is that of Klun 
(13). showing that male European corn 
borers (Tortricidae) at different geo- 
graphical locations iespond to a variety 
of radically different TDA mixtures 
Moreover, at some locations, the phero- 
mone response of male corn borers ap- 
pears to be heterogeneous Carde et al 
(14} showed that corn boreis occurring 
syn~patrically at one site in Pennsylvania 
have very difteient pheromone chem- 
istry The reasons for such geographic 
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and temporal differences in the phero- 
mones within the same insect species 
have not been experimentally eluci- 
dated To date we have studied primari 
I >  tempotal changes of pheromones and 
ielated con~pounds i n  the OLR and have 
observed some niajoi diffeiences An in 
dependent study of the chemistiy of the 
field extiacts fiom both groups by spec- 
tral as well as chiomatogiaphic methods 
could aid in an oveiall undeistanding of 
the general communication system of the 
0 1  R and othei tottricids (15) 

Millei el a1 found that a naiiow range 
of 1-mg mixtures of TDA's aie attractive 
to field males This discovery may help 
to elucidate the natural sexual messenger 
system in the OLR In biological testing 
with field 01.R males in flight chanibeis 
(16) (summeis of 1971 and 1974), we 
were unable to mimic the 0 1  R pheio- 
nlone system with mixtures of Z and E -  
9-, 10- and 11  TDA Male OL RS were 
not significantly attiacted in glass tube 
bioassays (17) to quantities of these 
agents which appioximated the attract- 
ive levels in virgin female extiacts (10'; 
to g) (geneial excited behavior was 
not uncommon under a variety of condi- 
tions) Moreover. in field tests various 
TDA mixtures weie unsuccessful in at- 
tracting males to small daps at concen- 
trations equivalent to those in active fe 
male extiacts (01 in live females) (18) 
I he tailuie of these expeiiments may 
have been due to our not using large 
quantities ot pheiomone, which we con- 
sidered unnecessa~ y over the character- 
istically brief adult flight period of OLR 
males in the field and which could pei- 
nianently contaminate bioassay devices 
in the laboiatory Moreover, since quan- 
tities of pheromone greater than 0 01 
female equivalent (a female equivalent is 
the amount of extiact from one female) 
had been found to decrease the attrac- 
tion of males in the laboratory and field 
(16.19). we deduced that the well-known 
communication disruption or male con- 
fusion phenomenon would operate a! 
large doses of pheromone components 
(20) Consequently, we did not test 1-mg 
quantities of the Z : E mixture, an 
amount found to be optimally attractive 
to field OLR males by Miller e ta!  and an 
amount approximately 1 O3 greatei than 
the quantity in an OLR female (21) The 
use of excessive doses of pheromone 
components in field trapping experi- 
ments requires extreme precautions to 
prevent contamination from other poten- 
tially active components at the level of 
parts per million or lowei (22) In a re- 
cent study of the European corn borer 
Klun et at (23) found that small amounts 
of i 1-tetradecynyl acetate a synthetic 

precursor and common contaminant of 
7 and L - 1  I-TDA. have remarkable bio- 
logical activity and may be interacting 
with "the same chemoieception sites on 
the moth ' The analytical difficulties in- 
volved in chromatographic separation, 
detection and identification of small 
amounts ot precursors 0 1  isomeric pro- 
ducts in the synthesis of these sex attract- 
ants ale not trivial even with present 
chemical techniques 

If secondary components are essential 
in the sexual communication system of 
the OLR. large quantities of TDA's may 
piove ah attractive to males as live virgin 
females at levels and I atios inconsistent 
with theii piesence in the oiganism Syn- 
ergism of sexual attraction in the Tortri- 
cidae by apparently innocuous com- 
pounds has been established (4) In ex- 
periments with the OLR we found that 
isolated TDA chromatogiaphic fractions 
of female extiacts ( 7 )  were less attiactive 
than trude female extracts or live virgin 
females, which suggests that other phero- 
mone components were as yet uniden- 
t i  fied 

Fhe conclusion by Miller et a1 that 
pheiomone production in the OLR does 
not vary with slight changes in dietary 
chemicals may be correct I t  is based 
piimarily on the finding that OLR fe- 
males i eai ed on semisynthetic pinto 
bean diet contain a discrete mixture of 
FDA's Using CI-El-GCMS. we found 
that 14-carbon acetates are present in a 
variety of semisynthetic bean diets: pin- 
to beans also contain these compounds 
(24) Definitive statements about therela 
tionship between diet and pheromones in 
the Toitricidae await thorough chroma- 
tographic and spectral analyses at the 
level of paits per billion for a variety of 
compounds in the diet, coupled with 
feeding studies using appropriately la- 
beled materials 

The potential interaction of dietary 
chemicals and sex pheromones in the 
OLR may not be limited to female-pro 
duced attractants Male OLR abdominal 
brushes (25) contain benzaldehyde. an 
"aphrodisiac'" produced by males of nu- 
me1 ous species of moths (26) Only trace 
amounts of benzaldehyde were found in 
female OLR's; oak leaves contained rela- 
tively large quantities of the compound 
The role (if any) of plant-produced benz- 
aldehyde in the OLR communication 
system remains to be established 

The questions surrounding the origin 
of insect pheromones remain intriguing 
but lai gely unanswered As previously 
discussed (2) there remain several alter- 
native oiighs of pheromones: (i) stotage 
or sequestering of chemicals from plants; 
( i i )  degradation or transformation of 
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plant p i e ~ u i > o t ; s ;  (w) ' induttion" ot 
pheronione biosvnthesis (possibly over 
n~uliiple gcnciniiotis); ( I V )  de novo bio- 
synthesis; and ( v )  ptoduction by micro- 
oiganisms associated with the plant or 
insect We believe i t  is unlikely that all 
insects will use the same method 01 meth- 
ods for procuring pheromone Schneider 
et at. (27) reported the degradation of 
dietary compounds (alkaloids) in plants 
to pheromones in danaid butterflies, and 
Pliske (28) discussed the reproductive 
importance of the attraction of danaids 
and other Lepidoptera to alkaloid-con 
taining plants Carde et a/  (29) found 
that males of the Oriental fruit moth, an 
apple-feeding tortricid moth ielated to 
the 01  R ,  lespond sexually (pre- 
copulatory behavior) to a compound 
which is not a tetradecenyl acetate, 
namely, dodecanol We have found that 
dodecanol is a significant component of 
apple leaves, a food source of the Orien- 
tal fruit moth (9) Twelve-carbon com- 
pounds of varying functionality have 
been reported as components of the sex- 
ual communication system of othe~ tortri- 
cids, including the fruit tiee leaf roller 
(30), a member of the same genus as 
the OLR The biological activity of the 
male OLR (2) i n  response to oak leaves 
could partly involve responses to 12- 
carbon compounds (31) in the plant 
[Whether the reported correlation in the 
Tortricidae of the success of pheromone 
trapping with the amount of foliage per 
acre (32) is due in part to the behavior 
mediated by such host plant chemicals 
remains to be elucidated ] 

Whatever mechanisms are involved in 
the ultimate production of pheromones. 
investigations such as those by Miller et 
a/.  ale likely to provide insight into the 
general importance of nutritional chem- 
icals in biological processes 

1, B HENDRY 
Department o f  Chemi'ilt 1 ,  
Pennsy/vania State Uni~ei<iit\, 
University Park 16802 
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Spatial Frequency-Contingent Color Aftereffects 
I 

Abstract 1\\'o-dtmenwnal Fourier analyÃ§ of checkerboards reveals that major 
components are at  a 45Oangle to the check edge'i After adapting to  chromatic 
c heckelboards, subjects who viewed achromatic grating stimuli repotted that corn 
pletnentary color aftereffects are aligned with spatial fiequenc y components rather 
than with the edges, in the pattern 

McCollough attributed orientation- erboards contain Fourier components 
contingent color aftereffects to chromat- oriented at 45' angles to the edges of 
ic adaptation of edge detectors (1) Im- individual checks Our results indicate 
plicit in this interpretation is the assump- that color aftereffects contingent on pat- 
lion that human pattern perception in tern involve the orientation of the major 
volves a relatively simple feature-extrac two-dimensional Fourier components 
tion mechanism (2) Other studies have rather than the orientation of the edges 
suggested that spatial properties of visu The four patterns used in this study 
a1 stimuli are processed by spatial fre- were labeled "squares," "diamonds," 
quency analysis (3) There is evidence 
that the visual system responds to the 
spatial period rather than to the bar 
width of grating stimuli (4) Our study is 
an extension of these findings, and em- 
phasizes the importance of frequency 
analysis in visual peiception We used 
checkerboard adapting stimuli and 
square-wave test stimuli (01 vice versa) to 
assess the ~elative importance of edges 
and spatial frequency components in the 
production of contingent color after- 
effects Kelly (5) pointed out that check- 

"verticals," and "obliques" (Fig 1) 
The square pattern was a checkerboard 
with the edges of individual squares ori- 
ented vertically and horizontally The 
diamond pattern was identical to the 
square except that the checks were ro- 
tated 45' (edges of squares were on the 
diagonals) Vertical and oblique patterns 
were square-wave gratings oriented ap- 
propriately The grating spatial fre- 
quency was 2 5 cycles per degree of 
visual angle, and the sides of the checks 
were 12' of visual angle (6) All stimuli 
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