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Sex Pheromone, (Z ,£)-5 ,7 -D odecad ienal, Pherom one In­
hibitors, Olfactory Receptors, Dendrolimus pini, Lasio- 
cam pidae

The principal component o f the fem ale sex pherom one 
of the European pine m oth Dendrolimus p in i L. (Lasio- 
cam pidae) was identified as (Z ,E )-5 ,7-dodecadienal by 
capillary gas chrom atography, mass spectrom etry, single 
receptor analyses, and field trapping tests. T raps initially  
baited with 1000 ng o f (Z ,£)-5 ,7-dodecadienal (> 9 9 %  
ZE ) effectively m onitored low D. p in i  populations over 
6 weeks without rebaiting. C aptures d isappeared  upon 
addition of ^  1% of either (£ ,Z )-5 ,7 -dodecad iena l or 
(Z ,£)-5,7-dodecadienyl acetate, the key stim ulan ts for 
additional receptor cell types located in m ale antennal h a ir 
sensilla.

The Forest Services o f central European countries 
with stands of Scots pine (Pinus sylvestris L.) en­
dangered by the feeding of Panolis flam m ea  Schiff. 
(Noctuidae), Lymantria monacha L. (Lym antriidae), 
Dendrolimus pini L. (Lasiocam pidae) and Bupalus 
piniarius L. (G eom etridae), are required  by law to 
survey for population densities o f these lepidopterous 
pests. Bogenschütz [1,2] has em phasized the po ten ­
tial o f traps baited with sex-attractant chem icals for 
early detection of population increases am ong low 
(non-damaging) populations o f P. flammea and 
L. monacha. We report here the identification  o f  the 
primary sex pherom one com ponent p roduced by 
the female European pine m oth, Dendrolimus pini L. 
We also describe a synthetic chem ical form ulation  
suitable for use in population m onitoring o f  this 
species by survey traps.

Female sex pherom one com ponents are chem i­
cally known for four species o f the fam ily Lasio-
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campidae. The tent caterpillars Malacosoma disstria 
Hbn. and M. californicum Pack, produce sex phero- 
mones whose principal com ponents are (Z ,£ )-5 ,7 - 
dodecadienal (Z 5 ,£ 7 -1 2 ;Aid) and (£ ,Z )-5 ,7 -d o d e­
cadienal (£ 5 ,Z 7 -1 2 : Aid) [3, 4], The sex pherom one 
o f the Japanese pine m oth Dendrolimus spectabilis 
Butl. was reported as (Z ,£ )-5 ,7 -dodecad ien -l-o l 
(Z 5 ,£7 -12 : OH) [5, 6], and that o f the M asson pine 
moth D. punctatus Wlk., as a com bination o f this 
alcohol with the corresponding acetate and p rop ion ­
ate [7, 8].

All four geometrical isom ers of the 5,7-dode- 
cadien-l-ols and their acetate and aldehyde an a­
logues were included in our study o f the D. pini 
pheromone. The 5,7-dodecadienes were synthesized 
and purified by W ittig condensation reactions 
previously described [9, 10]. The purity o f all final 
products was better than 98%; the Z 5 ,£ 7 -1 2 :A ld  
had a purity of better than 99%.

Nerve impulse responses o f single receptor cells 
located in hair sensilla (S. trichodea) on D. pini male 
antennae were recorded as described for o ther m oth 
species [11]. All twelve 5,7-dodecadienes were tested 
over six decadic steps o f stim ulus am ount, from 
10“4 |ig to 10 (ig (source load). The recordings re­
vealed the presence of four d ifferent cell types, each 
responding specifically to a particular 5,7-dode- 
cadiene compound. These four “key com pounds” 
were: Z 5 ,£7-12 : Aid, £ 5 ,Z 7 -1 2 : Aid, ( £ ,Z ) - 5,7- 
dodecadien-l-ol (£ 5 ,Z 7 -1 2 : OH ), and (Z ,£ )-5 ,7 - 
dodecadienyl acetate (Z 5 ,£ 7 -1 2 :Ac). No evidence 
was found for additional cell types in these sensilla. 
Generally, the Z 5 ,£ 7 -1 2 :A ld  receptor cell showed 
the largest nerve im pulse am plitude, suggesting that 
this com pound has prim ary pherom one function. 
These single cell data are consistent w ith a report by 
Bestmann et al. [12] who dem onstrated high respon­
siveness of D. pini male antennae to Z 5 ,£ 7 -1 2 : Aid 
in antennogram measurem ents.

To analyze the pherom one released by virigin 
D. pini females, we washed the extruded abdom inal 
tips o f 20 calling female moths into 2 ml o f «-hexane 
and examined the washings by capillary gas chro­
matography (GC) and com puterized gas ch rom a­
tography — mass spectrom etry (GC-M S). The fol­
lowing procedure was used to identify the Z 5 ,£ 7 -  
12:Aid. A standard solution containing all four 
geometrical isomers o f the 5,7-dodecadienes with 
aldehyde, alcohol and acetate functions was p re­
pared and the D. pini tip wash solution was
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compared to this standard using two m ethods. 
A Hewlett Packard model 5710A gas chrom atograph 
equipped with capillary injector and a nonpolar 
DB-1 fused silica colum n (30 m x 0.3 m m  id; J and 
W Scientific Inc., Rancho Cordova, Calif.) tem per­
ature programmed 70° to 200 °C  at 4° per m inute 
separated all four geom etrical isom ers. Chem ical 
ionization mass spectra were ob ta ined  using a F in ­
nigan model 3300 quadrupole mass spectrom eter 
coupled to an Incos model 2300 da ta  acquisition  
system. M ethan was the reagent gas, hydrogen the 
carrier gas, and the polar DB-5 fused silica capillary 
column (60 m x 0.35 m m  id; J and W Scientific Inc., 
Rancho Cordova, Calif.) was tem peratu re  p ro ­
grammed 100° to 180 °C  at 4 °  per m inute. This 
column also separates all four geom etrical isom ers 
of the 5,7-dodecadienes. The elu tion  order o f the 
isomers from both columns was ZE, E Z , Z Z  and EE.

To a 100 ^1 aliquot o f the D. pin i tip  washings was 
added dodecane and heptadecane standards and the 
volume reduced to 2 jil was ch rom atographed  on 
the DB-1 column. Im m ediately following the stan ­
dard solution was chrom atographed and the reten ­
tion times o f the 5,7-dienes relative to dodecane and 
heptadecane was noted. The ch rom atograph  o f the 
D. pini washings contained a m ajor peak tha t cor­
responded exactly with the Z 5 ,£ 7 -1 2 :A ld  and was 
different from the EZ, Z Z  and E E  aldehydes; no 
other 5,7-dodecadienes with aldehyde, alcohol or 
acetate functional groups were detected.

Mass spectra was obtained from  a 600 jal a liquo t 
of D. pini washings (containing dodecane and h ep ta ­
decane standards) which was reduced to 2 |al before 
injection onto the DB-5 colum n. The reference 
standards containing the synthetic 5 ,7-dodecadienes 
was chrom atographed and spectra and retention

Table I. Captures o f Dendrolimus p in i  m ales in tetratraps 
baited with 100 |ig Z 5 ,£7 -12 : Aid and a varying am ount 
of E 5 ,Z 7 - \2 :A id or Z 5 ,£ 7 -1 2 :A c . Seewiesen, July 8 
to 29, 1981; four replications per treatm ent.

Amount [jig] o f added Total catch

£5 ,Z 7-12 : Aid Z 5 ,£7 -1 2 : Ac

0 0 23
0.3 0 5
1,3, 10, 30 0 0
0 0.1 12
0 0.3 1
0 1,3, 10, 30 0

times were obtained. In the case o f the tip  w ashings 
a major peak was obtained whose retention tim e and 
mass spectrum coincided with that o f authentic 
Z 5 ,E l - 12:Aid. In addition to low m olecular weight 
ions (whose masses and intensities corresponded with 
the authentic m aterial), [ M + l ] +, [M — 1]+, 
[ ( M + l ) - 1 8 ] + and [ (M — 1 )— 18]+ were all p res­
ent. The latter are diagnostic ions for aldehydes. 
No other 5,7-dodecadienes were detected.

Another aliquot o f the D. pini washings was 
treated with N ,0-bis-(trim ethylsily l)-acetam ide to 
derivatize the alcohols if present. N o 5,7-diene 
alcohols were found. However, the Z 5 ,£ 7 - 1 2 :OH 
could be present in quantities below our level o f 
detection.

A quantitative GLC analysis using external stan ­
dard method gave an estim ated concentration  of 
Z 5 ,£7-12: Aid in the D. pini washings o f 1.3 ng per 
1 FE. In the receptor recordings 1 FE o f this extract 
elicited responses from the type A cell roughly cor­
responding to 1 ng of synthetic Z 5 ,£ 7 -1 2 : Aid.

Field trapping tests using the four “key com ­
pounds” as lures was begun in southern  G erm any  at 
Seewiesen (40 km south o f M unich) and at Breisach 
(west of Freiburg i. Br.). T etra traps [13] w ith rubber 
cup lure dispensers [14] were suspended at eye level 
in stands of Scots pine and N orw ay spruce. Only 
Z 5 ,£7-12: Aid attracted D. pini m ales to the traps. 
Table I shows that a 1% addition  o f either £ 5 ,Z 7 -  
12:Aid or Z 5 ,£ 7 -1 2 :A c  to the Z 5 ,£ 7 -1 2 :A ld  lure 
abolished captures. In contrast, in ano ther test 
series, adding £ 5 ,Z 7 -1 2 :O H  to the a ttrac tan t al­
dehyde in ratios up to 30:100 had no m arked effect 
on trap captures. This alcohol is the “key com ­
pound” of another cell type established in the 
D. pini male antennal receptor system. Several o ther 
analogues including Z 5 ,£ 7 -1 2 :O H  and the Z 5  and 
Z 7  monoenes, which d id  not reveal corresponding 
specialist cells during receptor recordings, d id  not 
modify trap captures either. However, the Z 5 ,£ 7 -  
12:OH has been reported as a p rim ary pherom one 
component for both D. spectabilis and D. punctatus 
[5-8].

The field tests show that both £ 5 ,Z 7 -1 2 :A ld  and 
Z 5 ,£7-12 :A c are powerful attraction  inh ib ito rs 
for D. pini, the specialist cells responding to these 
compounds apparently representing “ inh ib ito ry  
cells”, as found in other male L ep idop tera [11, 
15-17], These receptor cells may assist in m a in ta in ­
ing reproductive isolation o f D. pini from  o ther
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Dendrolimus spp. in areas o f sym patry at its eastern 
range of distribution. O f 40 recognized species o f 
the genus found in the Peoples R epublic o f C hina 
[18], one species, D. punctatus, is known to use 
Z 5 ,£7 -12 :A c as a prim ary sex pherom one com ­
ponent [7, 8]. C om parative studies o f the phero ­
mone receptor systems o f eastern Palearctic Den­
drolimus spp. have shown a great diversity o f cell 
type com binations; the pherom one receptor system 
of D. punctatus, for exam ple, is com posed of 
specialist cells for Z 5 ,£ 7 -1 2 :OH, £ 5 ,Z 7 -1 2 :O H , 
Z 5 ,£ 7 -1 2 :Ac, £ 5 ,Z 7 -1 2 :A c  and Z 5 ,£ 7 - 1 2 :p ro ­
pionate [19], thus having only two cell types in 
common with D. pini. These receptor data provide 
additional evidence of a crucial role o f sex phero- 
mones in reproductive isolation am ong the pine 
moths.

Several tests were set in the field to determ ine the 
effect of lure dose on the capture o f D. pini m ales 
over an entire flight period. Purity o f the Z 5 ,£ 7 -  
12:Aid was better than 99% when placed in the 
field. The results from the test at Seewiesen in 1982 
are presented in Table II. Traps were set out in six 
replicated series on June 25, when m onitor traps 
indicated flight begin, and lure sources were left 
unchanged until m id August. The 1 fig and 10|!g 
lures gave low captures over the first 3 weeks of 
exposure and then declined to zero. The traps 
baited with the 1000 |ig lure were the most effective, 
capturing 74 moths (56.6% of the total) over the 
entire period (Table II). Traps freshly baited  with 
1000 jug Z 5 ,£7 -1 2 : Aid set in the field in early 
August did not reveal m arkedly increased moth 
captures over traps previously set out. These results 
show that traps baited initially w ith 1000 |ig o f 
Z 5 ,£7-12: Aid will effectively m onitor D. pini

populations over a 6 week flight period w ithout 
rebaiting.

The release rate of Z 5 ,£ 7 -1 2 :A ld  from  rubber 
septa is known to decrease exponentially with tim e 
[20]. The rate o f isom erization o f Z 5 ,£ 7 -1 2 :A ld  
over time is as yet unknow n but the present data 
suggest that isom erization was lower than  found, for 
example, with 8,10-dodecadienals [21]. As indicated  
by the data presented in Table I, the presence o f 1% 
of £ Z  isomer should have greatly reduced trap  
captures o f D. pini males.

In 1982 we started a survey to establish re la tion ­
ships between pherom one trap  captures and data 
obtained from conventional m ethods for sam pling 
population densities o f D. pini. Potential D. pini 
outbreak areas in different parts o f G erm any, 
Austria and Switzerland were included in this 
survey. The last outbreaks in these areas data  back 
20 years or more [2 2 -2 6 ] and populations are 
presently at a low endem ic stage, w ith the num bers 
of pine moth larvae found during the yearly soil 
sampling not exceeding 0.01 per m 2. The m ain  trap  
type used was a vane trap  with plexiglas wings and 
with a 1 litre collection receptable containing con­
servation liquid [27], A set o f 15 vane traps and 
3 tetratraps, each baited with 1000 (ig Z 5 ,£ 7 -  
12: Aid, were routinely used. The traps were set out 
in early July, when the flight season usually begins 
in Central Europe [25], and were inspected weekly.

At all test sites the captures were low, as ex­
pected. A typical result from  the Breisach area is 
presented in Table III. O ver the 6 week period  the 
18 traps caught a total o f 194 D. pini males. In this 
experiment, the beginning o f the flight season was 
apparently missed, but the m id-July peak was 
covered by the test. The capture range am ong traps

Table II. Weekly captures o f Dendrolimus p in i m ales in te tra traps baited  w ith four d ifferen t 
amounts of Z 5 ,£ 7 -1 2 :Aid. Seewiesen, 1982; trap  exposure June 25; six rep lica tions per 
treatment.

Dose
[ng]

June

29

July August T otal
catch

6 13 20 27 3 10 17

1 0 2 3 0 0 0 0 0 5
10 2 6 9 1 0 0 0 0 18

100 2 6 12 10 3 0 1 0 34
1000 1 11 25 19 13 2 3 0 74

3.8 19.1 37.4 22.9 12.2 1.5 3.1 0%
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Table III. Weekly captures o f  Dendrolimus p in i m ales in
18 traps baited with 1000 jig Z 5 ,£ 7 -1 2 : Aid. Breisach, 
1983; trap exposure, July 4.

Trap
type

n July August Total
catch

12 19 26 2 9 16

Vane
trap 15 30 67 45 14 2 2 160
Tetra
trap 3 8 9 10 4 0 3 34

19.6 39.2 28.3 9.3 1.0 2.6%

was from 2 to 20 m oths; cap ture m eans were 
10.7 moths for the vane trap  and 11.3 for the tetra- 
trap. This value is already beyond the “sa tu ra tion” 
level of the tetratrap (sticky surface 145 cm 2) for 
these large moths, whereas the vane traps used have

the capacity to hold m ore than 500 D. pini males. 
Not a single pine m oth larva was found in the 
Breisach area (and other areas in southw estern 
Germany as well) by the routine soil sam pling from  
1982 to 1984.

The critical population level o f D. pini in C entral 
Europe has been indicated to be 10 larvae per m 2 
[24, 25], In areas with low annual p recip ita tion  these 
numbers may be reached from the endem ic stage 
in 3 to 4 years [1, 25]. “W arning trap s” used to 
survey European forest Lepidoptera populations are 
designed to indicate population  increases at an early 
(progradation) stage [1, 2], It rem ains for fu rther 
field studies to determ ine “w arning th resho ld” 
values for pherom one trap  captures o f the E uropean 
pine moth, by correlating local trap  captures w ith 
local population estimates obtained by conventional 
sampling methods.
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