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ABSTRACT 
Del ta sticky traps consistently caught at least as many Douglas- fir tussock 

moths as did five othcr trap types in field ex perime nts. Omni-directional non -sti ck\ ' 
traps based on the Lindgren multiple funn el trap were rela tivel\' successful. but 
highl y variable. Wind tu nnel tests with a simu lated p heromone (= tit a nillm 
tetrachloride smoke), showed tha t plums generated from Lindgren 2-funncl t raps 
contaminated the exterior surfaces of the traps and inhibited entn·. Modified Lin ­
dgren 2-funnel traps with a plastic insert to reduce tu rbule nce in thc plume a nd 
w ith coll ecting jars contain ing wat er only, caught significantl v fewcr Douglas- fir 
tussock moths than traps wi th empty jars or jars conta ining S(h.p" wate r or DDVP 
insecticide (No-Pest Strip) . T raps w ith jars containing soap;' wate r ca ught more 
Douglas-fir tussock moths than traps with jars containing DDVP, bu t catches were 
not different from those in traps w ith empt y jars. T he catches in traps wi th elll pt\· 
jars and jars containing DDVP were no t signi ficantly d ifferent. 

Non-sticky traps show promise for moni tor ing the Douglas- fi r tussock moth . 
However, im proved designs m ust facilitate rap id ca pturc of moths landing on the 
trap , and contam ination of exterior surfaces must be min im ized. 

Population trends of the Douglas-fir tussock 
moth, Orygia pscudolSllga la (McDunn ough ) 
(DFTM ), ca n be monitored b\' traps ba ited with the 
synthetic sex pheromone, (Z)-6-heneicosen-ll -one 
(Livingston and Daterman 1977, Shepherd and 
Gray 198.] ). Stich traps cur rentl \' elll pl o\'ed for th is 
purpose have two major disadvantages - they 
saturate at relat ivelv low catch Icvels and the 
saturation point varies with the area and amount of 
adhesive. Sanders (1978) outlined the requirements 
for a trap suitable fo r moni to ring the eastern spruce 
budworm, CllOrislo ncurajumijerana (Clem.). The 
most im portant characteristics were: sensitiv ity. i.e . 
the ab ility to detect low populations; consistent 
trapping ability from year- to-yea r and place- to­
place to reflect population trends accuratel ; ' and 
comparabl y: dura bil ity; and reasonable cost. 
Similar requirements are important for o ther 
species of moths (Ramaswam y and Carcle 1982. and 
references therein ) . 

Non-sticky traps, which a re not subject to satura ­
tion effects at low levels, have been tested , but the 
insects often escape from these traps after entering 
(Struble 1983) . To overcome this problem a 
vaporous insecticide such as dichlorvos , or soapy 
water has been used (Ramaswamy and Carde 1982; 
Snodgrass and Cross 1982; Struble 1983; Lindgren 
1983) , but the effects of these materials on t rap cat­
ches need to be evaluated in fi eld experiments. 

The effi ciency of a moth trap depends in part on 
how the pheromone is dispersed as it leaves the trap 

IPresent addre.'·'s: Phero TL'(.'h Inc .. 1140 Cla rk Dr i\t.~ . VanC(HJ\'('f. 

B.C" Canada V5L 3 K3. 

(L p wi san d Mac a u I a \. 1976 ) . Tit all i II m 
tetrachloride (Ti Cl. ), or other smoke of neut ral den­
sity, can be used In wind tunnel tests to pvaluate 
plume characterist ics that mav affect insect 
behavior and catch ra tes (A ngerilli a lld McLean 
1984). 

T he object ives of these im'estigations were to 
define the plume character istics of two versions of a 
trap not previously tested: to evaluate the effect of 
various killi ng agents in a non-stick;' trap on catch 
rates of D FTM in the fielcl: and to compare four 
models of non-sticky t ra ps with two st icky traps for 
monitoring the DFT~1. 

MATERIALS AND METHO DS 

Field ex periments I to 3 werc conducted in a 
severl v defol iated Douglas- fir stand alongside the 
Oregon Jack Creek Road, ca. 15 km south of 
Ashcroft , British Columbia , in late August and ea r­
ly Septembc r, 1982. Experiments .. and 5 were con­
ducted in a ligh tly defoliated stand of Douglas-fi r 
alongs ide the Green Stone Road , C herry C reek. ea. 
18 km west of Kamloops, B.C . in Au gust 1983. 

In experiment I , the synthetic pheromone was 
formulated at 0. 1 % in P VC rods of 2 mm d x 5 mm 
long (Daterman 1974 ). The release rate from these 
rods is unknown (R. F . Shepherd', pe l's. com m .). 
The form ulation is used by the Canadian Forestn' 
Service for minitoring th~ DFTM in B.C. In e;­
perim ents 2 to 5. the pheromone was released from 

2Resea rch Scientist. P:H: ific FfJrt· ... t HC<;('arch l.t·ntre. \ 'jcturia. 
B.C. 
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I I-'L capillaries placed in a half dram glass ,-ial 
with a 3 mm inner diam. orifice, giving a release 
rate of 10 mg/24 hrs at 25 °C. and 30-50 % R.H. in 
the laboratory. 

Experiments I to 3 compared two sticky traps, 
the Pherocon® lCP (Zoecon Corp. , Palo Alto, 
California , U.S.A.), and a delta trap made from a 
two litre milk carton (Daterman et al . 1976), as us­
ed by the Canadian Forestry Service (Shepherd 
1984), with two non-sticky traps, the Kendall trap 
(Kendall et al. 1982) and the Lindgren 8-funnel 
trap (PMG /Stratford Projects Ltd ., Vancouver , 
B.C. , Canada). Collecting jars of the non-sticky 
traps contained 200 mL of water with about 1 mL 
non-scented detergent/ litre of water . The lure in the 
Lindgren funnel trap was placed in the centre of the 
trap between the two lowest funnels to optimize 
pheromone dispersal (Lindgren 1983) . Experiments 
1 and 2 were each run for about 20 hours on August 
23-24 and 24-25, respectively, and experiment 3 
was run from August 25 - September 8, to deter­
mine saturation effects in the sticky traps (Table 1). 

Experiment 4 compared dry collect ing jars, with 
and without a 2 x 2 cm piece of a Non-Pest Strip 
(Shell Chemical Co., 19.2 % DDVP' by weight), to 
collecting ja rs containing 200 mL of water with or 
without 1 mL non-scented detergent/li tre of water. 
The trap used in this experiment was a 2-funnel 
Lindgren trap, modified with a plactic insert (Fig. 
1) to improve wind flow over the lure and to pre­
vent moths from escaping once inside the trap (Fig. 
IB). Each Latin square replicate was run for 2 days, 
August 20-22 and 22-24, respect ively (Table 2) . 

Experiment 5 compared the delta trap with the 
Lindgren funnel trap (8- funnel , 2-f unnel , and the 
modified 2-funnel used in experiment 4). The two 
Latin square replicates were run for 2 and 3 days, 
August 24-26 and 26-29 , respectively (Table 3). 

The smoke plumes from the 2-funnel and the 
modified 2-funnel traps were defined by wind tun­
nel observations of TiC I. smoke (Angerilli and 
McLean 1984) generated from a wick in a 1.0 cm d 
x 3.5 cm long shell vial at 25 cm ls wind speed. The 
vial was placed in the traps in a manner similar to 
the way in which pheromone containing vials were 
placed in traps in the field (Fig. 1). 

Experimental Designs. All field experiments were 
laid out as 4 x 4 Latin squares to allow for positional 
effects often encountered in this type of experiment 
(Perry et al. 1980). Rows and columns were 
oriented parallel to a road and to prevailing winds, 
respectively. Replicated Latin squares (Steel and 
Torrie 1960) were used in experiments 4 and 5 to in­
crease the power of error esti mat ion . 

Data Analysis . All data were transformed as X' = 
log 10 (x + I ), to obtain normal it,· of the data and 
homogeneity of variances, before analyses 01 
variance. Mean separation was evaluated by the 
Student-Newman-Keul's Test . 

J2,2+dkhlorovinyl dimethyl phosphate. 

RESUL TS AND DISCUSSIONS 

Field Experiments 
In experiment 1, where all traps were baited with 

the sex pheromone formulated in PVC, the delta 
sticky trap caught significantly more moths than all 
other traps (Tablc 1). When the experim ent was 
repeated with the pheromone released from 
capillary tubes in vials (experiment 2), the means 
could not be separated by the Student-Newman­
Keul's Test , althought the treatment effect in the 
analysis of variance was significant (Table 1). In ex­
periment 3, the same traps were tested over a two 
week period to assess the effect of total saturation in 
the sticky traps. However, the flight of DFTM 
males tapered off considerably during this experi­
ment , and the est imated saturation levels of 250 and 
50 for the delta trap and Pherocon lCP trap, respec­
ti vel~ ' , were not reached . Therefore . the objective 
of this experiment \\'as not reached . It is 
noteworthy that although saturation effects in the 
delta trap are detectable when catches of DFTM ex­
ceed 40 moths per trap (Shepherd and Gray 1984) , 
the delta trap compared favorabl y with the non­
sticky traps at considerably higher catch levels. 

A problem in experiments 1 and 2 was the high 
variab ility of some traps, particularly the Lindgren 
8-funnel trap . This problem was partly overcome in 
experiment 3, mainly by consistent trap placement 
relative to surrounding vegetation , but the 
variability of the two non-sticky traps remained 
considerably higher than that of the sticky traps. 
Similar problems have been noted with non-sticky 
traps for th e western sp ruce budworm, 
Choristoneura occidentalis Freeman (Shepherd 
1984). The coefficients of variation for the Pherocon 
ICP trap were 29.0 and 14.1 % in experiments 1 
and 3, respectively, but was 84.1 % in experiment 2. 
Similarly, the coeffici ent of variation was higher 
(103.6%) for the Lindgren 8-funnel trap in experi­
ment 2 than in experiment 1 (72.6 %) or experiment 
3 (40 .0 %). The delta trap had consistently low 
variability in the three experiments with coefficients 
of variation of 13.5, 16.8 and 10.4 % , in ex­
periments 1,2 and 3, respectively. Such consistency 
must also be achieved with non-sticky traps for 
them to be useful in monitoring programs for the 
DFTM , since high variability results in a large 
number of traps being required to assess the popula­
tion trends with reasonable accuracy. 

Experiment 4 demonstrated that the modified 
Lindgren 2-funnel traps caught significantly more 
moths when the collecting jars contained soapy 
water rather than DDVP or water alone (Table 2) . 
The catches in traps w ith empty collecting ja rs were 
not signi ficantly different from those in traps with 
soapy water or DDVP. The low catches in traps 
with only water in the collecting jars could be ex­
plained if the moths were repelled by the water. 
Since there was no significant difference between 
the catches in traps with an empty jar and those in 
traps with soapy water and assuming that water 
alone did repel moths and that soapy water did not , 
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Fig.!. Diagrammatic representation of plume formation from a Lindgren 2-funnel trap (A), and from a 
modified version (B) in which a plastic insert (i) wa~ used to improve air flow over the lure and to 
decrease the tendency of the plume to curl down and contaminate the ex terior of the trap . The 
pheromone d ispenser is in the centre of the trap (d). 



T
A

B
L

E
 1

. 
E

va
lu

at
io

n 
of

 e
xp

er
im

en
ts

 I
, 2

 a
nd

 3
, 

w
it

h 
tw

o 
st

ic
ky

 t
ra

p
s 

an
d

 t
w

o
 n

on
-s

ti
c
h

 t
ra

ps
 f

or
 t

ra
p

p
in

g
 

D
ou

gl
as

-f
ir

 t
us

so
ck

 m
ot

hs
. 

O
re

go
n 

Ja
ck

 C
re

ek
 R

oa
d

, 
A

sh
cr

o
ft

, 
B

.C
. 

ex
pe

ri
m

en
ts

 r
un

 a
s 

4 
x 

4 
L

at
in

 
sq

u
ar

es
. 

T
ra

p
 

a 
E

x
p

er
im

en
t 

1
-

b 
E

x
p

er
im

en
t 

2
-

c 
E

x
p

er
im

en
t 

3
-

d 
d 

d 
M

ea
n 

C
a
tc

h
-

R
an

ge
 

M
ea

n 
C

a
tc

h
-

R
an

ge
 

M
ea

n 
C

a
tc

h
-

R
an

ge
 

K
en

d
al

l 
tr

a
p

 
7

.0
a 

2
-1

2
 

2
7

.0
a 

1
3

-5
4

 
5

8
.0

a 
3

1
-8

2
 

P
h

er
o

co
n

 
1C

P 
st

ic
k

y
 

tr
a
p

 
2

1
. 7

b 
1

7
-3

1
 

1
3

.5
a 

6
-3

0
 

3
9

.0
a 

3
1

-4
3

 

L
in

d
g

re
n

 8
-f

u
n

n
e
l 

tr
a
p

 
4

2
.0

b
 

1
1

-8
4

 
9

9
.0

a 
1

-2
0

5
 

1
9

1
.0

b
 

1
3

3
-3

0
1

 

D
e
lt

a
 

st
ic

k
y

 
tr

a
p

 
6

7
.3

c 
5

6
-7

8
 

8
5

.8
a 

7
2

-1
0

1
 

2
0

9
.0

b
 

1
8

2
-2

3
2

 

a -A
u

g
u

st
 

2
3

-2
4

, 
1

9
8

2
; 

PV
C 

ro
d

 
lu

re
. 

b -A
u

g
u

st
 

2
4

-2
5

, 
1

9
8

2
; 

1 
fA 

L
 c

a
p

il
la

ry
 

tu
b

e 
re

le
a
se

 
sy

st
em

. 

c -A
u

g
u

st
 

2
5

-S
ep

te
m

b
er

 
8

, 
1

9
8

2
; 

1f
J. 

L
 c

a
p

il
la

ry
 

tu
b

e 
re

le
a
se

 
sy

st
em

. 

d -M
ea

n
s 

w
it

h
in

 
co

lu
m

n
s 

fo
ll

o
w

ed
 

by
 

th
e 

sa
m

e 
le

tt
e
r 

n
o

t 
s
ig

n
if

ic
a
n

tl
y

 
d

if
fe

re
n

t,
 

S
tu

d
en

t-
N

ew
m

an
-K

eu
l'

s 
T

e
st

, 
P

<
0

.0
5

. 

Q
:l

 

':
-'

 
t"'1

 
7 --

' ~ C
J)

 

o ("
) 

t;
:l

 

~ ("
) 2 ~
 '" 5: en
 

-;:
:; 

C
D

 
'Y

O
 

""'"
 o '" n w
 
~
 

~
 

~
 

""'"
 



J. E :-':TO\ !OL. Soc. BH r r . COL U,\!BIA 8 1 ( 198-1 ). D EC. 31. 1984 7 

TABLE 2. Results of experiment 4, a double 4 x 4 Latin square trial to evaluate the effect of collecting jar 
content on the catch of Douglas-fir tussock moths in pheromone-baited , modified Lindgren 2-funnel 
traps. Green Stone Road , Cherry C reek, B, C. , August 20-24 , 1983. 

Collecting Jar a 
Content Mean Catch- Range 

Water 6.8a 2-17 

DPVP 24.0b 4-75 

Empty 24.1bc 6-48 

Soapy water 40.6c 9-63 

a 
-Means followed by the same letter not significantly 
different~ Student-Newman-Keul's Test (p<O.05). 

the modified Lindgren 2-funnel trap would appear 
to be virtually escape proof. Although such a 
feature may be important in a commercial monitor­
ing trap, a need for preservation of trapped insects 
for identification , and for rapid knockdown of 
possible predators may call for a killing agent to be 
incorporated into the design. 

The catches in the four trap types tested ir. experi­
ment 5 did not differ significantly (Table 3) , The 

coefficients of variation were similar to those ob­
tained in the earlier experiments for the non-sticky 
traps, but for the delta trap was unusually high 
(41. 9 %). This may indicate problems with trap 
placement , or possibly shifting winds. Fellin and 
Hengel (1983) placed traps for several species of 
defoliators on poles between trees , thereby avoiding 
any effects on the catch by variations in trap place­
ment on branches, However , it may be necessary to 

TABLE 3. Results of experiment 5, a double 4 x 4 Latin square trial comparing a sticky trap and three non­
sticky traps for the Douglas-fir tussock moth, Green Stone Road , C herry Creek, B, C " August 24-29, 
1983. 

a 
Trap Mean Catcrr- Range 

Lindgren 2-funnel trap 18.1 4-39 

Modified Lindgren 18.9 8-42 
2-funnel trap 

Lindgren 8-funnel trap 23.4 7-34 

Delta sticky trap 27.9 14-45 

a 
-No significant differences as determined by analysis of 

variance (p<O.05). 



8 J. EI\T m l 0L Soc. HlliT CO I. LI\lR IA 81 (1984). DEC. 3 1. 1984 

place traps for some species near foliage to make 
them sufficiently sensitive. The western spruce bud­
worm responds more readily to traps close to foli age 
than to traps in the open. (Liebhold and Volney 
1984; J. D . Sweeney, unpublished data) . 
Wind Tunnel Observations 

Wind tunnel observations of TiCI, smoke showed 
that the "pheromone" plume had a slightly lower 
tendency to curl back on the downwind side of the 
modified Lindgren 2-funnel trap in comparison to 
the unmodified trap (Fig. 1). However, the effect 
was still pronounced enough to contaminate the 
outside of the lower funnel and the collecting jar of 
the modified trap . This self-contam ination resulted 
in moths landing and wing-fanning on the outside 
of the lower funnel and collect ing jar instead of 
entering the trap. 

The plumes generated from 2-funnel traps, 
8-funnel traps, Kendall traps and Pherocon 1 CP 
traps were all relatively diffuse (Lindgren 1983; 
Angerilli and McLean 1984), whereas those of the 
delta sticky traps were linear when the traps were 
oriented in line with the wind (Angerilli and 
McLean 1984). Lewis and Macauley (1976) found a 
positive correlation between plume linearity 
(length /width ratio) and the catch of the pea moth , 
Cydia nigricana (Steph .), corrected to a standard 
retentive surface. 

The Lindgren 8-funnel trap was originally 
designed for heavy fliers such as bark beetles (lin­
dgren 1983). Its relative success in capturing DFTM 
(experiments 1, 2, 3 and 5), may have been due to 
its vertical silhouette which elicited searching 
behavior by DFTM males, thereby increasing the 
probability of the moths remaining on the trap until 
they fell into the collecting jar. 

Richerson et a/. (1976) reported that male gypsy 
moths, Lymantria dispar L., search vertical 
silhouettes regardless of the presence or absence of 
females. Searching behavior of both DFTM and 

gypsy moth males may be similar, since, the females 
of both species usually remain on their cocoons after 
emergence. Many DFTM moths observed at traps 
in this study, would approach the trap, and then 
land and search on a nearby tree trunk or branch. 

Lewis and Macauley (1976) noted that only 
25-50 % of pea moths approaching a trap were 
caught. Our field observations indicated that a 
similar problem existed with the trap-lure combina­
tions tested for DFTM. No formal data on the cap­
ture rate were recorded , but it was apparent that 
more than half of the moths observed approaching 
the non-sticky traps did not enter. Typically, the 
moths would approach the trap to within 0.5 m, 
where they would cast back and forth for a limited 
time before fl ying away or landing on nearby bran­
ches or tree trunks. 

The omnidirectional non-sticky trap designs 
tested in our experiments performed relatively well . 
However, they were generally too variable for use 
in a standardized monitoring program for the 
DFTM . Therefore, improvements in the design are 
necessary. The design must facilitate rapid capture 
of the moths, and contamination of the outside of 
the trap must be minimized . 

The delta sticky trap caught about the same 
number of moths as the non-sticky designs, but with 
much less variability making it preferable for 
monitoring populations. 
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