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Pheromone gland extracts of the fall webworm, Hyphantria cunea (Lepidoptera: Arctiidae) were ana-
lyzed by gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS). Based on 
comparison of retention times and mass spectra of synthetic standards, four compounds were identi-
fied as (9Z,12Z)-octadecadienal, (9Z,12Z,15Z)-octadecatrienal, (3Z,6Z,9S,10R)-9,10-epoxy-3,6-heneico-  
sadiene and (3Z,6Z,9S,10R)-9,10-epoxy-1,3,6-heneicosatriene with a ratio of 2:33.6:58.4:6. Trapping 
tests showed that quaternary blend of these compounds was highly attractive to male H. cunea. Uni-
traps baited with the quaternary blend loading of 200―300 μg on a gray rubber septum were very ef-
fective for monitoring H. cunea populations. 
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The fall webworm, Hyphantria cunea (Drury) (Lepi-
doptera: Arctiidae), is an important pest in a number of 
countries[1]. It was originally distributed in North 
America and spread into central Europe and eastern 
Asia in the 1940s[2,3]. In China, this species was first 
found in Liaoning Province in 1979 and had been in-
troduced into other regions, such as Beijing, Tianjin, 
Hebei Province, Shandong Province and Shanxi Prov-
ince. Currently, the polyphagous defoliator has caused 
disastrous damage on forests, city ornamental trees and 
agricultural crops in China due to its wide host range. 
Especially, it has been a serious issue to prevent the 
uncontrolled proliferation of this invasive pest in Bei-
jing, because the Olympic Games in 2008 will be held 
there. Furthermore, this pest is not only a pest of plants 
but also a nuisance for humans, especially when a large 
number of it enter houses or cover parked cars leaving 
disgusting excretion.  

Previously, the components of the sex pheromone of  

the fall webworm had been studied in North America, 
Europe and New Zealand[4―6]. Three compounds, namely 
(9Z,12Z)-octadecadienal (Z9,Z12-18Ald), (9Z,12Z,15Z)- 
octadecatrienal (Z9,Z12,Z15-18Ald) and (3Z,6Z,9S, 
10R)-9,10-epoxy-3,6-heneicosadiene (Z3,Z6-9S,10R- 
epoxy-21Hy) were found in the pheromone gland ex-
tracts of females originating from North America and 
USSR but males were not caught in the field with any 
blend of these compounds[4]. Two other critical com-
pounds, (3Z,6Z,9S,10R)-9,10-epoxy-1,3,6-heneicosa-tri-  
ene (1,Z3,Z6-9S,10R-epoxy-21Hy) and (3Z,6Z,9S,10R)- 
9,10-epoxy-1,3,6-icosatriene (1,Z3,Z6-9S,10R-epoxy- 
20Hy) were identified from the pheromone gland ex-
tracts of females originating from Hungary[5]. Subse-
quently, a ternary blend of Z9,Z12,Z15-18Ald, Z3,Z6- 
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9S,10R-epoxy-21Hy and 1,Z3,Z6-9S,10R-epoxy-21Hy at 
a ratio of 1:1:1 showed better attractiveness in north-east 
Italy[7]. Four compounds Z9,Z12-18Ald, Z9,Z12,Z15- 
18Ald, Z3,Z6-9S,10R-epoxy-21Hy and 1,Z3,Z6-9S,10R- 
epoxy-21Hy were identified in the pheromone gland of 
two female fall webworms found in New Zealand[6]. In 
China, Zhang et al.[8,9] reported that a ternary blend of 
Z9,Z12,Z15-18Ald, Z3,Z6-9S,10R-epoxy-21Hy and 1,Z3, 
Z6-9S,10R-epoxy-21Hy at a ratio of 8:1:1 was very 
effective in field trapping tests in Liaoning Province. 
However, the sex pheromone of H. cunea of the Chinese 
population has not yet been reported. It is important to 
determine the sex pheromone of this invasive pest, be-
cause geographical and interpopulational differences in 
sex pheromone components are not uncommon, e.g., 
Ostrinia nubilalis[10], Argyrotaenia velutinana[11], Agro-
tis segetum[12,13], Drosophila melaonogaster[14], Droso-
phila mojavensis[15], Ostrinia furnacalis[16], Agrotis ip-
silon[17], Cnaphalocrocis medinalis[18], Hemileuca eg-
lanterina[19], Choristoneura rosaceana[20], Spodoptera 
frugiperda[21], Colletes Cunicularius[22]. 

Therefore, the objectives of this study were to deter-
mine the sex pheromone of H. cunea of the Chinese 
population, to evaluate the bioactivity of the sex phero-
mone in the field trapping experiments and to aid in the 
use of the sex pheromone for monitoring and managing 
H. cunea in China.  

1  Materials and methods 

1.1  Chemicals 

The five compounds Z9,Z12-18Ald, Z9,Z12,Z15-18Ald, 
Z3,Z6-9S,10R-epoxy-21Hy, 1,Z3,Z6-9S,10R-epoxy-21Hy 
and 1,Z3,Z6-9S,10R-epoxy-20Hy were synthesized by 
Che et al.[23,24]. Purity of all these synthetic compounds 
was >97% by GC analysis and stored at −20℃ until 
use. 

1.2  Insects 

The fall webworm larvae were collected from mulberry 
leaves, Morus alba at Sanhe County of Hebei Province, 
in May, 2006 and were fed with mulberry leaves and 
maintained in a laboratory under 16 h light : 8 h dark 
(L:D as 16:8) at (25±1)℃ until pupation. Pupae were 
sexed based on the morphology of a few terminal ab-
dominal segments and maintained under the same con-
ditions as for larval rearing. Newly emerged female 

moths were placed individually in screen cages (30 cm × 
30 cm×30 cm) at room temperature. The membranes 
between the eighth and ninth abdominal segments of 
2―3 d old virgin females were used for pheromone ex-
traction and identification.  

1.3  Pheromone gland extraction 

The calling period of the virgin female moths was gen-
erally in the early morning 0―1.0 h before sunrise[4,8]. 
During this period, the pheromone glands of calling fe-
males were extruded by gently pressing the abdominal 
tips, and then excised with a small blade[25,26]. The single 
excised gland was immediately immersed in 10 μL 
hexane at room temperature. After 10 min, hexane ex-
tract was decanted and transferred into a new vial and 
maintained at −20℃ until use. 

1.4  Chemical analysis 

GC analyses of pheromone gland extracts and standard 
compounds were performed on an HP 5890 II GC with a 
flame ionization detector (FID) (Agilent Technologies, 
USA) and a splitless injector using nitrogen as carrier 
gas. The GC conditions were as follows: DB-WAX 
column (30 m×0.25 mm i.d., film thickness, 0.25 
µm); temperature program as 100℃ for 1 min to 180℃ 

at 5℃/min, then 2℃/min to 230℃, hold for 5 min. The 
GC-MS analyses of pheromone gland extracts were 
performed on an HP 6890 GC interfaced with an HP 
5973 mass selective detector (Agilent Technologies, 
USA) using a DB-WAX column (30 m×0.25 mm i.d., 
film thickness, 0.25 μm). The carrier gas was He. 
The temperature program was the same as that used in 
the GC analyses. Electron impact mass spectra were 
monitored at 70 eV in the m/z range of 30―350. The 
identification of the compounds was based on the com-
parison of the retention times and mass spectra with 
those of authentic standards. 

1.5  Field trapping 

Gray rubber septa (The West Company, Phoenixville, 
PA) loaded with 200 μL hexane solutions of the syn-
thetic compounds were used in the field trials. The same 
amount of hexane was loaded on the septum for the 
blank control. After evaporation of the solvent, the rub-
ber septa were wrapped in aluminum foil and stored at 
−20℃ until used in field tests.  
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Trapping tests were conducted in Populus deltoides 
field at Sanhe County, Hebei Province from Aug. 17 to 
Sep. 7, 2006 using Unitraps. Traps were baited with 
gray rubber septa loaded with individual compounds 
Z9,Z12-18Ald, Z9,Z12,Z15-18Ald, Z3,Z6-9S,10R-epoxy- 
21Hy and 1,Z3,Z6-9S,10R-epoxy-21Hy at the dose of 200 
μg/septum, and varied dose (100, 200, 300 μg/septum) of 
quaternary blend at the ratio of 2:33.6:58.4:6. Traps 
were arranged in a randomized complete block design 
with five replicates. Traps baited with Japanese dis-
penser, which has showed good attractiveness in the 
field at Beijing, and unbaited traps served as controls. 
The distances between traps within a block was ap-
proximately 50 m and the distances between blocks was 
approximately 100 m. Traps were hung on branches of P. 
deltoides at 2―3 m height above ground level and the 
trap positions were changed randomly to minimize the 
effects of habitat heterogeneity. Captured moths were 
recorded and removed daily. 

1.6  Statistical analysis 

The number of males captured in traps were transformed 
by (x + 0.5)1/2 to normalize the variance before analy-
sis[27]. Treatments means were compared by one-way 
analysis of variance (ANOVA) followed by Tukey’s test  

(SPSS 13.0 for Windows) for significance at а = 0.05. 

2  Results 

2.1  Identification of pheromone 

Pheromone gland chemicals of female H. cunea of Chi-
nese population were identified by GC-MS and GC. The 
GC-MS analyses of the gland extracts revealed that the 
relative intensities of characteristic ions (m/z) of the 
mass spectra of peaks A, B, C, and D (Figure 1) were 
consistent with those of the synthetic Z9,Z12-18Ald, 
Z9,Z12,Z15-18Ald, Z3,Z6-9S,10R-epoxy-21Hy and 1,Z3, 
Z6-9S,10R-epoxy-21Hy, respectively (Table 1). Besides, 
retention times of peaks A, B, C and D coincided well 
with those of the synthetic Z9, Z12-18Ald, Z9,Z12, 
Z15-18Ald, Z3,Z6-9S,10R-epoxy-21Hy and 1,Z3,Z6-9S, 
10R-epoxy-21Hy, respectively, on a 30 m polar DB- 
WAX columns in GC (Table 2). Therefore, the peaks A, 
B, C and D were identified as Z9,Z12-18Ald,Z9,Z12, 
Z15-18Ald, Z3,Z6-9S,10R-epoxy-21Hy and 1,Z3,Z6-9S, 
10R-epoxy-21Hy. The ratio of these four compounds in 
the extracts was calculated to be 2:33.6:58.4:6 (Table 
2). However, in our GC and GC-MS analyses (N = 45), 
1,Z3,Z6-9S,10R-epoxy-20Hy was not detected in the 
extracts. 

 

 
Figure 1  Total ion chromatogram of GC-MS analysis of a single-gland extract from a female H. cunea. Identities of the pheromone components were as 
follows: (A) Z9,Z12-18Ald; (B) Z9,Z12,Z15-18Ald; (C) Z3,Z6-9S,10R-epoxy-21Hy; (D) 1,Z3,Z6-9S,10R-epoxy-21Hy. 

 
Table 1  Mass spectral data for chemicals in pheromone gland extracts of H. cunea 

Components in extracts Relative intensity of characteristic ions (m/z) Identity 

Peak A 264 (8), 137 (6), 124 (8), 110 (17), 95 (52), 81 (74), 67 (100), 55 (49), 41 (48) Z9,Z12-18Ald 

Peak B 262 (3), 206 (7), 121 (13), 108 (35), 93 (51), 79 (100), 67 (65), 55 (32), 41 (44) Z9,Z12,Z15-18Ald 

Peak C 223 (2), 137(2), 122(14), 108 (65), 93 (53), 79 (100), 67 (29), 55 (30), 41 (31) Z3,Z6-9S,10R-epoxy-21Hy 

Peak D 304 (55), 149 (9), 131 (10), 119 (16), 105 (100), 91 (76), 79 (98), 57 (35), 41 (50) 1,Z3,Z6-9S,10R-epoxy-21Hy 
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Table 2  Comparison of retention times of peaks A—D with synthetic compounds and extract components 
Synthetic compounds Components in extracts 

Synthetic compounds Retentiontime (min)  Retention time (min) Relative quantities (%) (Mean ± SE, N = 15)
Z9,Z12-18Ald 23.998 peak A 23.999 2±0.32 
Z9,Z12,Z15-18Ald 25.751 Peak B 25.751 33.6±4.09 
Z3,Z6-9S,10R-epoxy-21Hy 28.937 Peak C 28.937 58.4±4.16 
1,Z3,Z6-9S,10R-epoxy-21Hy 38.043 Peak D 38.042 6±0.48 
1,Z3,Z6-9S,10R-epoxy-20Hy 34.779 − − − 

 

 
Figure 2  Field catches of male H. cunea in traps baited with four individual compounds identified from the pheromone gland extract of virgin female (A) 
Z9,Z12-18Ald; (B) Z9,Z12,Z15-18Ald; (C) Z3,Z6-9S,10R-epoxy-21Hy; (D) 1,Z3,Z6-9S,10R-epoxy-21Hy and quaternary blend at a ratio of 2:33.6:58.4:6. 
Analysis was done on (x+0.5)1/2 transformed data. Numbers in columns followed by the different letters are significantly different (one-way ANOVA fol-
lowed by Tukey HSD test at P = 0.05). 
 

2.2  Field trapping 

Field trapping was conducted to determine the phero-
mone activity of the four identified compounds. Indi-
vidual compounds Z9,Z12-18Ald, Z9,Z12,Z15-18Ald, 
Z3,Z6-9S,10R-epoxy-21Hy and 1,Z3,Z6-9S,10R-epoxy- 
21Hy and quaternary blend (2:33.6:58.4:6) at a dose of 
200 μg, were tested in the field at Sanhe County, China. 
The total number of male H. cunea captured in the traps 
baited with individual compounds was 6. Only 1 male 
was found in the unbaited traps. There were no differ-
ence (P < 0.5) in catch in traps baited with individual 
compounds and the unbaited traps indicating that indi-
vidual compounds was not effective in catching males. 
However, the synthetic mixture of the four compounds 
trapped large numbers of males (191) and there was sig-
nificant difference (P < 0.5) in catch in traps baited with 
the quaternary blend and the individual compounds 
(Figure 2). This result demonstrated that quaternary 
blend at a ratio of 2:33.6:58.4:6 was remarkably attrac-
tive to males H. cunea in field. 

To determine the optimum dose of synthetic phero-
mone for monitoring males H. cunea, we compared the  

attraction of traps baited with 100, 200 and 300 μg of 
the quaternary blend in the field from Aug. 17 to Sep. 7, 
2006. The result indicated that the largest number of 
males was caught in traps baited with 300 μg of the 
pheromone, 7.38 ± 0.4 (mean/trap ± SE). Traps baited 
with the Japanese dispenser attracted a similar number 
of males (7.68 ± 0.46). The number of male moths cap-
tured in traps baited with 300 μg of the pheromone was 
significantly greater than the number of males captured 
with 100 μg of the pheromone (2.52 ± 0.3) or unbaited 
traps (0.81 ± 0.1). Traps baited with 200 μg (6.13 ± 0.52) 
captured an intermediate number of males and there was 
no difference in catch in traps baited with 200, 300 μg 
and the Japanese dispenser (Figure 3). 

On the other hand, the Japanese dispenser has been 
proven to be effective for monitoring the fall webworm in 
China. From Figure 4, we can clearly find that numbers of 
male moths captured in traps baited with 200 and 300 μg 
showed a similar trend to the Japanese dispenser. Num-
bers peaked from Aug. 21 to Aug. 29. This indicated that 
traps baited with 200 and 300 μg of the quaternary blend 
were also effective for monitoring H. cunea populations. 
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Figure 3  Field catches of male H. cunea in traps baited with quaternary blend at the ratio of 2:33.6:58.4:6. Analysis was done on (x+0.5)1/2 transformed 
data. Numbers in columns followed by the different letters are significantly different (one-way ANOVA followed by Tukey HSD test at P = 0.05). 

 

 
Figure 4  The flight activity of H.cunea monitored by Unitraps baited with varied dose (100, 200, 300 µg/septum) of quaternary blend at the ratio of 
2:33.6:58.4:6.  
 
3  Discussion  

By analysis of the sexual gland extracts of H. cunea 
from China using GC and GC-MS,four compounds Z9, 
Z12-18Ald, Z9,Z12,Z15-18Ald, Z3,Z6-9S,10R-epoxy-     
21Hy and 1,Z3,Z6-9S,10R-epoxy-21Hy were identified 
as the sex pheromone. Although these compounds had 
been identified as the sex pheromone of the fall web-
worm in some countries[4―6], this is the first report of the 
sex pheromone produced by H. cunea of Chinese popu-
lation. These four components were the same with those 
of the Zelanian population but their ratios were different. 
The ratio was calculated to be 2:33.6:58.4:6 in China 
and 0.6:6.6:27.9:0.1 in New Zealand[6]. This implies 
that H. cunea of the Chinese population and the Ze-
lanian population may be different strains. A compari-

son of the sex pheromone components between the 
Hungarian population and the Chinese population indi-
cated that both of them contained these four compounds 
and their ratios were similar (4.4:35.4:53.1:7.1 in Hun-
gary). However, a different result in our study was that 
1,Z3,Z6-9S,10R-epoxy-20Hy was not detected in the 
extracts from the Chinese population. This compound 
was present in the pheromone gland extract of the Hun-
garian population and was a minor component as re-
ported by Toth et al.[5]. This implies that the Chinese 
population and the Hungarian population of H. cunea 
may originate from different strains. 

Our results indicated that single components Z9, 
Z12-18Ald, Z9,Z12,Z15-18Ald, Z3,Z6-9S,10R-epoxy-   
21Hy and 1,Z3,Z6-9S,10R-epoxy-21Hy were not effec-
tive in catching males when used alone, but their qua- 
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ternary blend at a ratio of 2:33.6:58.4:6 had been 
proven to be highly attractive to male H. cunea in repli-
cated field trials. We can know from the former re-
ports[7,8,28] that to achieve a good attractiveness, Z9,Z12, 
Z15-18Ald, Z3,Z6-9S,10R-epoxy-21Hy and 1,Z3,Z6-9S, 
10R-epoxy-21Hy were three essential ingredients. Senda 
et al.[28] also believed that although 1,Z3,Z6-9S,10R- 
epoxy-20Hy alone did not show any attraction effect, the 
attractant including 1,Z3,Z6-9S,10R-epoxy-20Hy other 
than the three essential components had greater effect on 
the fall webworm; Z9,Z12-18Ald was not an effective 

component either used alone or added to the three essen-
tial components.  

In summary, field trapping performed during the 
flight period in 2006 showed that the quaternary blend 
can be used as a tool for monitoring this invasive moth 
and may serve as part of an IPM program for controlling 
or at least supressing levels of infestation using 
moth-killing techniques.  

We thank Liu Quixia at Sanhe Forestry Protection Station for her assis-
tance with the experiment work.  
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