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PHYSIOLOGICAL AND CHEMICAL ECOLOGY

Chemical Attractants for Trapping Yellowjackets Vespula germanica

and Vespula pensylvanica (Hymenoptera: Vespidae)

PETER J. LANDOLT
USDA-ARS, 5230 Konnowac Pass Road, Wapato, WA 98951

Environ. Entomol. 27(5): 1229-1234 (1998)
ABSTRACT Worker yellowjackets (Hymenoptera: Vespidae) were captured in traps baited with
combinations of an aqueous solution of acetic acid and polyethylene caps loaded with either butyl
butyrate, heptyl butyrate, or isobutanol. Vespula germanica (F.) were captured in large numbers in
traps baited with acetic acid and isobutanol or acetic acid and butyl butyrate. Vespula pensylvanica
(Saussure) were captured in large numbers in traps baited with heptyl butyrate, acetic acid and
heptyl butyrate, acetic acid and butyl butyrate, and acetic acid and isobutanol. Acetic acid generally
enhanced the attractiveness of these other compounds to V. pensylvanica and V. germanica. Vespula
atropilosa (Sladen) were captured in large numbers in traps baited with heptyl butyrate or acetic
acid and heptyl butyrate, with no apparent effect of the addition of acetic acid to the trap, and they
were only weakly attracted to other baits. The importance of acetic acid to attraction of V. germanica
and V. pensylvanica to these lures supports the hypothesis that this response is food-finding behavior.
The chemical lure comprised of acetic acid and isobutanol can be used for trapping the worldwide

pest V. germanica, with the added advantage of simultaneous attractiveness to V. pensylvanica.

KEY WORDS Vespula germanica, Vespula pensylvanica, yellowjackets, attractants, trapping

YELLOWJACKETS, SOCIAL WASPS in the genera Vespula
Thomson and Dolichovespula Rohwer (Greene and
Caron 1980), are serious stinging hazards to humans
throughout much of the temperate areas of the world
(Akre et al. 1980). Although yellowjackets are pri-
marily predators of arthropods, some species also scav-
enge extensively for food. These species are particu-
larly troublesome because their foraging brings them
into frequent contact with people. Efforts to control
wasp populations have focused on destruction of nests
or on removal of foraging workers with poison baits or
traps baited with chemical attractants or food mate-
rials. The development of yellowjacket control meth-
ods based on trapping of foragers or on the killing of
colonies by the use of poisoned baits has been ham-
pered by a lack of effective attractants for most of the
primary pestiferous species.

Species of yellowjackets that scavenge for food may
be attracted to both meat-based and sugar-based baits.
Combinations of pesticides and meats have been used
to control the western yellowjacket, Vespula pensyl-
vanica (Saussure) (Grant et al. 1968); the common
yellowjacket, Vespula vulgaris (L.) (Wagner and
Reierson 1969); and the German yellowjacket Vespula
germanica (F.) (Perrott 1975, Spurr et al. 1996). Yel-
lowjackets also are attracted to sweet materials. Sweet
baits also have been used with limited success in poi-
son baits (Edwards 1977, 1980; Christie 1992; Dymock
et al. 1991). Such sweet baits have not been used
extensively, in part because of their attractiveness to
honeybees (Spurr 1996). The effectiveness of these
baits also varies geographically (Spurr 1996). Meat-

based baits also are not used extensively because of
their expense and the short length of time that they are
attractive (Spurr 1995). Synthetic food attractants
added to an inert matrix may constitute a useful bait
with a long field life (Ross et al. 1984, Spurr 1995).

Chemical attractants are known for some species of
yellowjackets. Davis et al. (1967) discovered attrac-
tion of V. pensylvanica to 2,4-hexadienyl butyrate, 2,4-
hexadienyl proprionate and 2,4-hexadienyl isobu-
tyrate. Subsequent tests revealed the superior
attractiveness of heptyl butyrate (Davis et al. 1969,
1973) and of octyl butyrate (McGovern et al. 1970,
Davis et al. 1972) to V. pensylvanica. MacDonald et al.
(1973) reported the trapping of large numbers of
queens and workers of Vespula atropilosa (Sladen)
and workers of V. pensylvanica with heptyl butyrate.
These and other compounds are apparently weakly
attractive or are ineffective in attracting other yellow-
jacket species, including the pestiferous V. germanica,
V. wulgaris, Vespula maculifrons (Buysson) and
Vespula squamosa (Drury) (Grothaus et al. 1973,
Howell et al. 1974, MacDonald et al. 1973).

I report herein the attractiveness of acetic acid and
isobutanol to workers of 2 species of yellowjackets,
and optimum doses of isobutanol and heptyl butyrate
for attractiveness to 3 different species. Small numbers
of V. germanica and V. pensylvanica were initially
captured in traps baited with chemicals (acetic acid,
isobutanol, butyl butyrate) isolated and identified
from headspace of fermented molasses (unpublished
data) or jaggery, a palm sugar extract (R. Heath, per-
sonal communication). These solutions are attractive
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to many species of Lepidoptera (Landolt 1995,
Landolt and Mitchell 1997) and yellowjacket attrac-
tion to isobutanol and acetic acid was discovered dur-
ing attempts to develop attractants for pestiferous
moths. A series of trapping tests was subsequently
conducted to investigate more thoroughly the attrac-
tion of yellowjackets to these compounds. This work
provides evidence of an effective chemical attractant
for V. germanica, which is not attracted to heptyl
butyrate (Spurr 1996), and provides an additional at-
tractant for V. pensylvanica.

Materials and Methods

Trapping experiments were conducted to evaluate
chemicals as attractants for the worker caste of species
of yellowjackets present in Yakima County, WA and
to compare the attractiveness of these chemicals at
different doses. The 1st experiment evaluated heptyl
butyrate, butyl butyrate, and isobutanol, with and
without an acetic acid solution, as baits for yellow-
jackets. Heptyl butyrate was included for comparison
because of its known attractiveness to V. pensylvanica
(Davis et al. 1969). Butyl butyrate also was reported
previously to be attractive to V. pensylvanica (McGov-
ern et al. 1970). Subsequent experiments evaluated
doses of isobutanol, doses of heptyl butyrate, and con-
centrations of acetic acid in water.

Yellowjacket Trappit Dome traps (Agrisense,
Fresno, CA) were used in all experiments. All traps
contained 200 ml of a drowning solution composed of
water (200 ml), clay (20 mg), Palmolive concentrated
dishwashing liquid (25 ul) (Colgate-Palmolive, New
York), and Schilling food color (50 ul yellow, 25 ul
blue, and 60 ul red) (McCormick, Hunt Valley, MD).
Food dyes were added to make the color of the drown-
ing solution similar to aged molasses solutions and clay
was added to make the solution cloudy, similar to that
of the aged molasses. Acetic acid was added to this
solution in some treatments as an attractant. Heptyl
butyrate, butyl butyrate, and isobutanol were formu-
lated in 2 ml polyethylene caps (No. 60975D-3, Kimbel
Glass, Vineland, NJ) that were pinned to the inside top
of the trap.

Trap plots were near Parker Heights, near Moxee,
and 24 km east of Moxee, all in Yakima County, WA.
Traps were placed in fruit trees, windbreak trees, and
on fencing, 1-1.5 m above ground and =10 m apart.

Chemical Comparison. Six chemical treatments
were selected and compared with a control as baits for
yellowjackets. The principal objectives of this exper-
iment were to determine if isobutanol with acetic acid
and butyl butyrate with acetic acid are attractive to V.
germanica and V. pensylvanica and to compare the
attractiveness of these chemicals to that of heptyl
butyrate, a known chemical attractant for western
yellowjackets (Davis et al. 1969). The 6 treatments
were as follows: (1) 1 ml of heptyl butyrate, (2) 1 ml
of heptyl butyrate and 0.5% acetic acid in the 200 ml
of drowning solution, (3) 1 ml of butyl butyrate, (4)
1 ml of butyl butyrate and 0.5% acetic acid in the 200
ml of drowning solution, (5) 1 ml of isobutanol, and
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(6) 1 ml of isobutanol and 0.5% acetic acid in 200 ml
of drowning solution. The control trap contained 200
ml of the drowning solution without acetic acid. A
randomized complete block design was used with
each treatment represented per block and 10 blocks
set up in 3 widely separated orchards (8-20 km be-
tween orchards). This experiment was begun on 26
July 1997. Wasps were removed and counted 3 times
per week and the drowning solution in the trap (with
or without acetic acid) was augmented or replaced as
needed due to evaporation. Captured wasps were tal-
lied by species, sex, and caste. This experiment was
maintained for 2 wk.

Data used in statistical analyses were from blocks in
which >9 workers of a species were captured. Data for
workers of V. atropilosa, V. germanica, and V. pensyl-
vanica captured in baited traps were subjected to an
analysis of variance (ANOVA), after data transforma-
tion to percentages of block totals, and treatment
means were separated by the Tukey test at a = 0.05.
Data for the workers of the 3 species captured in
baited traps also were compared by Student #-test with
that from unbaited traps to determine if significant
numbers were trapped for each bait treatment.

Comparisons of Doses of Heptyl Butyrate and of
Isobutanol. Different doses of heptyl butyrate were
compared as an attractant for V. pensylvanica and
different dosages of isobutanol were compared as an
attractant for both V. pensylvanica and V. germanica.
These 2 experiments were conducted using traps also
containing 0.5% acetic acid in the drowning solution.
A range of heptyl butyrate doses (providing a range of
release rates) was obtained by varying concentrations
of heptyl butyrate in mineral oil. Polyethylene caps
were loaded with 1 ml of 0, 12.5, 25, 50, 75, and 100%
heptyl butyrate (by volume) in mineral oil. A ran-
domized complete block design was used, with 6 sets
of the 6 treatments in traps placed in groves of fruit
trees. Each set or block was composed of 1 each of the
6 treatments. This experiment was begun 18 August
1997. Traps were checked and randomized every 2-3
d over 10 d, providing 18 replicates (3 randomizations
of 6 block replicates).

Two experiments were conducted to compare doses
of isobutanol in mineral oil as an attractant for yel-
lowjackets. The 2nd experiment with a low dose range
was employed after it was determined that the lowest
dose of the lst experiment was near optimum for
capture of V. germanicain traps. For both experiments,
isobutanol was combined with mineral oil and loaded
into polyethylene caps. Caps were loaded with 1 ml of
a mixture of isobutanol in mineral oil at the following
percentages by volume: 0, 12.5, 25, 50, 75, and 100% for
the 1st test, and 0, 1, 2, 4, 8, and 16% for the 2nd test.
For each test, a randomized complete block design
was used, with 6 sets of treatments in traps placed in
groves of fruit trees. Each set or block was composed
of one each of the 6 treatments. Traps were checked,
insects removed, and treatments randomized every
2-3 d over 10 d, providing 18 replicates (3 random-
izations of 6 block replicates). The high-dose test was
begun 8 August 1997, and the low-dose test was begun
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26 August 1997. Trap data were transformed to per-
centages of block totals before analyses. Regression
analyses were performed on transformed data to de-
termine if trap catches varied with dose.

Comparison of Concentrations of Acetic Acid. Two
experiments were conducted to evaluate the effec-
tiveness of different percentages of acetic acid in wa-
ter as an attractant for V. germanica and V. pensyl-
vanica. These experiments were comparisons of 0,
0.125, 0.25, 0.5, 1, and 2% acetic acid in water used to
make the drowning solution, with 200 ml of drowning
solution put into each trap. In the 1st experiment, all
traps also were baited with a polyethylene cap con-
taining 1 ml of a 50% mixture of heptyl butyrate in
mineral oil. Traps with these 6 bait treatments were set
up in arandomized block design, with 6 blocks of traps
set up at different locations. This experiment was be-
gun 2 September 1997. Traps were checked and in-
sects removed every 2-3 d for 1 wk. At each date,
treatment positions within blocks were randomized,
providing 18 replicates per treatment (6 blocks times
3 trap checkings). The above experiment was re-
peated in its entirety with caps loaded with isobutanol.
The same concentrations of acetic acid in water were
tested and all traps contained a cap loaded with 1 ml
of a mixture of 16% isobutanol in mineral oil. Six blocks
of traps were checked every 2-3 d and were random-
ized each time they were checked. This experiment
was begun 9 September 1997 and maintained for 16 d,
providing 36 replicates per treatment (6 blocks times
6 trap checkings).

Trap data were transformed to percentages of block
totals before analyses. Regression analyses were per-
formed on transformed data to determine if trap
catches varied with concentration. All statistical pro-
cedures were conducted using the StatMost program
by DataMost (1995).

Results

Chemical Comparisons. In the 1st experiment,
numbers of V. germanica, V. pensylvanica, and V. at-
ropilosa workers captured were suitable for statistical
comparisons. All bait treatments resulted in captures
of all 3 species of yellowjackets and no wasps were
captured in unbaited traps (Table 1). Comparison of
treatment means with an expected mean of zero
(equivalent to the control traps) by t-test indicated
that all treatment captures were significant (means
differed from zero at the 5% error level) except for
captures of V. atropilosa in traps baited with isobuta-
nol. However, trap catches varied with chemical treat-
ments and differences among chemical treatments
varied with yellowjacket species. Large numbers of V.
germanica were captured in traps baited with butyl
butyrate plus acetic acid or isobutanol plus acetic acid
(Table 1). Isobutanol plus acetic acid was the most
attractive treatment by far for V. germanica. Large
numbers of V. pensylvanica workers were captured in
traps baited with heptyl butyrate, heptyl butyrate plus
acetic acid, butyl butyrate plus acetic acid, and isobu-
tanol plus acetic acid (Table 1). Numbers of V. pen-
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Table 1. Percentages (mean = SE) of worker yellowjackets
captured in traps baited with heptyl butyrate (HB), butyl butyrate
(BB), and isobutanol (IB) with and without a 0.5% acetic acid
solution (AA)

Treatment V. germanica V. pensylvanica V. atropilosa
Control 0 0 0

HB 30*1la 16.7 = 2.3b 42.6 * 3.9b
HB + AA 78*1.7a 445 + 3.4d 44.5 = 4.5b
BB 4.5+ 1.0a 31*x08a 38 *0.8a
BB + AA 176 £ 4.0a 141 *2.3b 39*09a
B 34 +1.0a 09 *0.3a 0.8 =0.5a
IB + AA 63.8 + 6.8b 20.5 = 3.1c 42+ 1.2a

Percentages are based on block totals. Totals of 946 V. germanica,
6,695 V. pensylvanica, and 556 V. atropilosa workers were captured in
this experiment. Means in a column followed by the same letter are
not significantly different at the 0.05 level by the Tukey test.

sylvanica captured in traps baited with isobutanol plus
acetic acid were significantly greater than those cap-
tured in traps baited with isobutanol and were com-
parable to numbers captured in traps baited with hep-
tyl butyrate only. However, the most V. pensylvanica
were captured in traps baited with heptyl butyrate
plus acetic acid. Large numbers of V. atropilosa were
captured in traps baited with heptyl butyrate or heptyl
butyrate plus acetic acid (Table 1). There was no
difference in numbers of V. atropilosa trapped with
heptyl butyrate with or without acetic acid.

Comparisons of Doses of Heptyl Butyrate and of
Isobutanol. There was a positive relationship between
doses of heptyl butyrate with 0.5% acetic acid and
percentages of V. pensylvanica captured (Y = 6.45 X
0.23X), V. germanica captured (¥ = 10.6 X 0.14X), and
V. atropilosa captured (Y = 2.9 X 0.21X) (Table 2).
Nearly no V. atropilosa were captured in traps baited
with acetic acid and the zero dose of heptyl butyrate
(Table 2).

For the high-dose series of isobutanol (Table 2), a
positive relationship was not demonstrated between
doses of isobutanol and captures of V. germanica or
captures of V. pensylvanica. For the low-dose series
(Fig. 1), a positive relationship was demonstrated be-
tween doses of isobutanol and captures of V. ger-
manica (r®=082,t=287,df =4, P=0.046, Y =11.0
X 1.1X) and V. pensylvanica (r* = 0.93,t = 5.17,df =
4,P=0.0007,Y = 9.4 X 1.4X). Numbers of V. atropilosa
captured were not sufficient for statistical compari-
sons in these experiments.

Comparison of Concentrations of Acetic Acid.
There was not a significant relationship between ace-
tic acid concentration and captures of worker V. ger-
manica when tested with heptyl butyrate (Table 3)
(r* = —0.72,t = 2,08, df = 5, P = 0.11). Percentages
of V. germanica captured were lower at the 2 highest
acetic acid concentrations tested (1 and 2%) than at
other concentrations, indicating a possible repellent
effect. Similarly, there was not a significant relation-
ship between captures of worker V. pensylvanica in
traps and acetic acid concentration when traps were
baited with acetic acid and heptyl butyrate (Table 3)
(r* = —0.69, t = 2.10,df = 5, P = 0.10). At the highest
concentration of acetic acid (2%), captures of worker
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Table 2. Mean percentages (£SE) of worker yellowjackets captured in traps baited with 0.5% acetic acid in the drowning solution
and different doses of either heptyl butyrate or isobutanel in mineral oil in polyethylene caps

Percent in Heptyl butyrate Isobutanol
1 ml V. germanica V. pensylvanica V. atropilosa V. germanica V. pensylvanica
0 9019 1.6 204 02*02 4707 37=08
12.5 139 £ 32 10.0 £ 0.8 9.1 22 19.7 £ 2.7 151 *£1.6
25 143 £ 3.3 133+ 11 91*23 19.1 =23 204+ 20
50 179 £ 32 249+ 18 249 + 3.4 136 £ 2.0 16.8 =24
75 20.5+ 46 247 +22 21.6 £2.6 229 +21 225+19
100 243+ 3.0 256 * 1.6 35.1*38 199 22 195+ 1.3
P 0.0005 0.013 0.0036 0.22 0.12
r 0.98 091 0.95 0.58 0.70
df 4 4 4 4 4

Totals of 421 V. german.icm 8,324 V. pensylranica, and 516 V. atropilosa were captured in traps with heptyl butvrate, whereas 1,168 V. germanica

and 5,015 V. pensylvanica were captured in traps with isobutanol.

V. pensylvanica were lower than in traps without ace-
tic acid (0%), indicating a possible repellent effect.
Numbers of V. atropilosa captured in this experiment
were not sufficient for statistical comparisons.
When concentrations of acetic acid were tested in
combination with isobutanol, there was no significant
relationship between acetic acid concentrations and
captures of V. germanica (r* = 0.34, t = 0.89, df = 4,

L4 WESTERN

p = 0.51) or V. pensylvanica (+* = 041, t = 0.89, df =
4, P = 0.42). However, percentages of both V. pen-
sylvanica and V. germanica workers captured in traps
baited with isobutanol and acetic acid were much
greater than in traps baited with isobutanol alone
(Table 3). Numbers of V. atropilosa captured in this
experiment were not sufficient for statistical compar-
isons.

O GERMAN

40

MEAN % OF BLOCK TOTALS

8 12 16

% 1B IN MINERAL OIL

Fig. 1.

Mean percentages (=SE) of wasps per block captured in traps baited with a 0.25% acetic acid solution and either

1mlofl,2,4,8,12, or 16% isobutanol (IB) in mineral oil. Wasps captured were V. pensylvanica (solid line) and V. germanica
(dashed line). Totals of 3,464 V. germanica and 4,579 V. pensylvanica were trapped in this experiment.
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Table 3.
different concentrations of acetic acid in 200 ml of water
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Mean percentages (+SE) of yellowjackets captured in traps baited with 1 ml of 50% heptyl butyrate or 16% isobutanol and

Heptyl butyrate

Isobutanol

Acetic acid, % -
V. germanica

V. pensylvanica

V. germanica V. pensylvanica

0 182 + 43 168+19 76+10 71+13

0.125 19.5 =40 156 = 1.7 171+ 1.7 17.0 = 2.0

0.25 209 3.0 21021 195+ 18 195+ 18

0.50 29.2 * 46 201 =19 189= 1.1 192+ 1.3

1.0 81=x29 14612 179+ 1.3 19.3 = 1.4

2.0 3711 11216 19.1 =121 18119
P 0.08 0.10 0.35 0.42
. —0.76 -0.72 0.46 0.41
df 4 4 4 4

Total of 301 V. germanica and 7,412 V. pensylvanica were captured with heptyl butyrate, whereas 8,822 V. germanica and 4,783 V. pensylvanica

were captured in traps with isobutanol.

Discussion

These experiments demonstrated the attractiveness
of a synthetic lure to worker V. germanica and its
usefulness as a trap bait. The combination of acetic
acid and isobutanol lured large numbers of V. ger-
manica into traps, whereas acetic acid alone or isobu-
tanol alone were weakly attractive. Thus, this bait
combination is a potent chemical attractant for the
German yellowjacket. Worker V. germanica also were
trapped, but in lower numbers, with the combinations
of acetic acid and butyl butyrate and acetic acid and
heptyl butyrate. Workers of this species also respond
to food materials such as molasses, jellies, and meats
(Spurr 1995, 1996).

Vespula germanica is a major stinging pest in many
countries and has been accidentally introduced
around the world (Edwards 1976). Consequently,
methods are needed both to detect and to control
introduced populations. In the United States, it has
been introduced on both coasts and has subsequently
spread into much of the northeast and eastern Mid-
west as well as the Pacific coastal states (Morse et al.
1977, MacDonald et al. 1980, MacDonald and Akre
1984). A chemical attractant composed of acetic acid
and isobutanol should provide a useful lure for detec-
tion and possibly localized control of V. germanica, if
it is used in a suitable trap or incorporated into an
artificial bait as suggested by Ross et al. (1984).

Both V. germanica and V. pensylvanica are well-
known for their scavenging foraging habits, which
greatly contribute to their pest status (Akre et al.
1980). Thus, the attraction of these wasps to the com-
bination of acetic acid and isobutanol is probably a
food-finding behavior. Both chemicals were isolated
from headspace over fermented molasses solutions
and acetic acid is a well known microbial fermentation
product. Yellowjackets are attracted to and feed on
sugar-rich materials (Duncan 1939, Spurr 1996).

The attractiveness of carbohydrate baits to honey-
bees, Apis mellifera L., is of concern when trapping
yellowjacket wasps (Spurr 1996). Because several of
these chemicals that are attractive to yellowjackets
were isolated from fermented sweet baits, the possi-
bility of their attractiveness to honeybees is of con-

cern. During the course of these tests, honeybees were
not captured in traps. However, honeybees were not
generally present in the area during the course of
these experiments and additional testing should be
conducted in locations with abundant bees. Bumble-
bees (Bombus spp.) also were not captured in traps
during these studies.

Vespula pensylvanica workers also were attracted to
the combination of isobutanol and acetic acid in sig-
nificant numbers, as well as to heptyl butyrate and
combinations of heptyl butyrate or butyl butyrate
with acetic acid. Results of the tests of doses of isobu-
tanol or heptyl butyrate indicated weak attraction of
V. pensyluvanica to acetic acid alone. This work indi-
cates that V. pensylvanica are attracted to isobutanol
and acetic acid and that acetic acid may synergize or
enhance attraction of western yellowjackets to butyl
butyrate or heptyl butyrate. Worker V. pensylvanica
are attracted to butyl butyrate and heptyl butyrate, as
well as to octyl butyrate (Davis et al. 1969, 1972). The
strong enhancement by acetic acid of V. pensylvanica
attraction to heptyl butyrate in the 1st experiment was
contrasted by the lack of any positive effect of acetic
acid in the later comparison of acetic acid concentra-
tions combined with a heptyl butyrate lure. The latter
experiment was conducted late in the season in fruit
orchards with abundant decomposing fruit on the
ground. Perhaps such food sources compete with trap
lures and confound wasp responses to acetic acid. This
discrepancy warrants further investigation.

These experiments indicated that 1 ml of 4-100%
isobutanol in mineral oil in a polyethylene cap pro-
vided strong attractiveness to V. germanica and to V.
pensylvanica . The response of V. pensylvanica to hep-
tyl butyrate with acetic acid was strong for the 3
highest heptyl butyrate doses tested (1 ml of 50, 75, or
100% in mineral oil). Concentrations of acetic acid
required for optimum captures of V. pensylvanica or V.
germanica were not indicated by these test results,
although 1 and 2% concentrations were clearly too
high. These doses and methods of formulation to-
gether provide a highly effective method for attracting
both of these species of yellowjackets.
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