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ABSTRACT The introduced basswood thrips, Thrips calcaratus Uzel, pear thrips, Taeniothrips in-
consequens (Uzel), and native basswood thrips, Neohydatothrips tiliae (Hood), form a thrips complex
that attacks buds and foliage of basswood, Tilia americana L., trees in the northern United States. We
assessed the potential for exploiting visual and olfactory cues tomonitor these forest thrips.We tested
blue, green, red, white, and yellow for thripsÕ response to visual stimuli, and anisaldehyde, ethyl
nicotinate, and polar andnonpolar extracts of basswoodbuds or leaves for thripsÕ response to olfactory
stimuli over a 2-yr period. Generally, yellow traps tended to elicit the greatest visual response from
all three species. None of the species showed signiÞcant attraction to the test volatiles compared with
controls. The introduced basswood thrips, which is closely associated with expanding buds, was the
most abundant species, and occurred earlier in the spring than the two ßower- or foliage-associated
species. The implications of these behaviors are discussed with respect to a forest pest monitoring
program.

KEYWORDS introducedbasswood thrips, pear thrips, host location, olfactory cues, visual cues, pest
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AMERICAN BASSWOOD, Tilia americana L., is a widely
distributed and common component of subclimax for-
ests in the northernUnited States (Burns andHonkala
1990).Basswood stands in theGreatLakes regionhave
been experiencing defoliation caused by a complex of
herbivorous thrips species. The introduced basswood
thrips, Thrips calcaratus Uzel (Thysanoptera: Thripi-
dae), is a host-speciÞc, invasive species that was Þrst
recorded inNorthAmericaduring the1920s and in the
Great Lakes region in 1976 (Raffa and Hall 1989).
Damage to basswood by T. calcaratus feeding is char-
acterized by abscission of buds and developing leaves,
silvering of the leaf epidermis, a stunted, shredded
appearance of expanding leaves, altered phytochem-
ical and phytohormone levels, and enhanced suscep-
tibility to subsequent herbivory (Raffa et al. 1992,
Rieske and Raffa 1995, 1998). Repeated defoliation by
this monophagous insects leads to thinned crowns,
branch dieback, and reduced radial growth (Raffa et
al. 1992, Rieske and Raffa 1996). A second introduced
species, the pear thrips, Taeniothrips inconsequens
(Uzel), is polyphagous anddefoliatesmaple,Acer spp.,
in the northeastern United States (Parker et al. 1988),
and occurs on American basswood in the Great Lakes
region. Effects of Ta. inconsequens feeding on maple
can include thinned crowns, reduced root carbohy-

drate concentrations, increased gas exchange, de-
creased water use efÞciency, and altered budbreak
phenology (Kolb et al. 1991, 1992, Kolb and Teulon
1991). Both T. calcaratus and Ta. inconsequens are
univoltine, parthenogenetic, of European origin, and
prone to outbreak behavior in the hardwood forests of
North America. The native basswood thrips, Neohy-
datothrips tiliae (Hood), is prevalent on basswood
throughout theGreat Lakes regionbut has never been
reported causing widespread defoliation (Stannard
1968). Its life cycle is not well characterized, but it is
considered monophagous, and both sexes are present
on basswood foliage throughout much of the growing
season (Raffa et al. 1992).
Currently there are no practical techniques for

monitoring thrips in basswood stands. There is little
information on dispersal, adult orientation, or host
location by these species. An understanding of chem-
ical and visual stimuli affecting thrips dispersal and
host location could facilitate development of sampling
methods and susceptibility indices for integrated pest
management (IPM). Morgan and Crumb (1928) ob-
served attraction of some thrips to certain aldehydes
and alcohols, and numerous studies have identiÞed a
variety of olfactory responses among thrips (Penman
et al. 1982, Kirk 1985, Brødsgaard 1990, Teulon and
Ramakers 1990, Cameron et al. 1994, Teulon et al.
1999).Response toßoral andnonßoral scents hasbeen
demonstrated in ßower-feeding thrips, andPenman et
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al. (1982) found theNewZealandßower thrips,Thrips
obscuratus (Crawford), to be more attracted to ethyl
nicotinate, a product of ripeningpeaches and apricots,
then the ripening fruit itself. Kirk (1985) and Brøds-
gaard (1990) found anisaldehyde, a ßoral scent and
metabolic by-product of some wood-inhabiting fungi,
attractive to several ßower-feeding species, including
the western ßower thrips, Frankliniella occidentalis.
Responses to visual stimuli by thrips have also been
noted. Kirk (1984) found a correlation between at-
traction to speciÞc colors and the type of host plant a
thrips species exploits, and blue, yellow, and white
have been used extensively for trapping of some pest
species (Beckham 1969, Beavers et al. 1971, Walker
1974, Yudin et al. 1987, Brødsgaard 1989, Vernon and
Gillespie 1990, Coli et al. 1992, Cameron et al. 1994,
Chu et al. 2000). Olfactory responses can synergize
visual responses in some species (Teulon et al. 1999).
Our objectives were to investigate responses of T.

calcaratus, Ta. inconsequens, and N. tiliae to potential
olfactory and visual cues and to evaluate this knowl-
edge in the context of a potential pest monitoring
scheme.

Materials and Methods

Study sites were established in early spring 1991 in
northwest (Rusk Co.) and northeast (Langlade Co.)
Wisconsin (USA), in forest stands containing a signif-
icant component of American basswood that had re-
cently suffered moderate to severe defoliation by
thrips. In addition to basswood, stand composition
included co-dominants of sugarmaple,A. saccharinum
Marsh, and white ash, Fraxinus americana L.

Visual Response. Colored sticky panels (Essette
Pendaßex, Garden City, NY) were used to assess
thripsÕ visual responses. Traps consisted of 15 by 23 cm
cardboard panels (blue, green, red, white, or yellow)
thatwere suspendedverticallyby thinwire frommetal
corner brackets on wooden stakes (5 by 5 by 150 cm).
Tanglefoot adhesive (Tanglefoot, Grand Rapids, MI)
was used to coat both sides of each panel. The reßec-
tance spectrum of each adhesive-coated panel was
measured using a LI-COR 1800 spectrophotometer
with a LI-1800Ð12 integrating sphere attachment (LI-
COR, Lincoln, NE).
Six blocks of Þve traps each were established in a

randomizedblock design for a total of 30 traps per site.
Traps were uniformly oriented in an east-west fashion
within each block and spaced�2m apart surrounding
a clumpofmaturebasswood.Basswood readily stump-
sprouts and typically grows in clumps (Scholz 1958).
Traps were monitored and panels were replaced at 7-
to 10-d intervals from May through August 1991 and
May through July 1992. Panels were returned to the
laboratory where all thrips were counted and identi-
Þed under a dissecting microscope. When necessary,
specimens were removed usingmineral spirits (Parks,
Summerset,MA). Voucher specimenswere deposited
in the University of Wisconsin-Madison Insect Re-
search Collection.

Olfactory Response. Selected volatile compounds
were tested for thripsÕ response based on previous
reports of thripsÕ attraction. Responses were assessed
using baited water traps consisting of 500 ml white
plastic containers (11.5 by 8 mm), placed on 12 by 12
cm platforms suspended on wooden stakes (5 by 5 by
150 cm). Compounds were dispensed from 4-ml glass
vials (14 by 45 mm) suspended by a Þne wire within
the containers. A clear, corrugated plastic strike sur-
face (20 by 20 cm) was suspended vertically above
each trap, and a small amount of soapy water was
placed in each container to drown arriving insects.
We tested the following potential attractants: ani-

saldehyde (4-methoxybenzaldehyde; Sigma Chemi-
cal, Milwaukee, WI), ethyl nicotinate (Sigma Chem-
ical), polar (5:1 methanol:water) and nonpolar
(pentane) extracts ofT. americana tissue, and controls
(methanol:water, pentane, distilled water blank). A
two-phase serial extraction of 15 g ground basswood
tissue in 100 ml solvent, concentrated to 100 ml, was
used for theplant extracts andweremadeweekly from
freshly collected buds or foliage. Treatments were
dispensed using cotton wicks.
Five blocks were established on each site in a ran-

domized block design. Each block consisted of the
above seven treatments in traps arranged 2 m apart
around a clumpofmatureAmerican basswood, similar
to the layout for visual traps. Traps were monitored
weekly from mid-May through August 1991 and mid-
April through July 1992. At each monitoring interval,
the traps were re-randomized, and the baits were
replenished. Insects were counted and identiÞed as
above.

Statistical Analysis. We analyzed each species sep-
arately within each year using analysis of variance
(ANOVA; Abacus Concepts 1989), with treatment
(panel color or volatile compound), block, and site as
main effects, and the number of each species trapped
as our dependent variables. We used data only from
those weeks in which each respective species was
present, and when necessary, normalized the data
using a square root (x � 0.5) transformation before
analysis. Differences were determined using FisherÕs
protected least signiÞcant difference (LSD).

Results

Visual Response. In the near infra-red range (700Ð
1050 nm), red, white and yellow panels were similar
in reßectance and considerably higher than the re-
ßectance of the blue and green panels tested (Table
1). In the human-visible range (400Ð700 nm), white
was highest, while blue and green were again the
lowest. In the UV range, white panels again were
considerably higher than the other colors, whichwere
similar to each other. White was the only panel color
that showed considerable (�60%) reßectance at
wavelengths in the UV and visual ranges (Table 1).
A total of 224 thrips was captured on colored panels

in 1991, including 130 T. calcaratus (58%), 75 Ta. in-
consequens (33%), and 19 N. tiliae (8%). There was a
2.7 times increase in thrips captured by colored panels
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in 1992, for a total of 585, which included 359 T.
calcaratus (61%), 180 Ta. inconsequens (31%), and 46
N. tiliae (8%).
In 1991, T. calcaratus activity was detected on col-

ored panels from 1 May until 11 June (Fig. 1a). Ta.
inconsequens activity in 1991 was detected from 11
June until 25 June, and N. tiliae were detected begin-
ning 7 May and continued at very low levels through-
out the monitoring period. In 1992, the pattern was
similar (Fig. 1b). T. calcaratus was detected from 7
May until 2 June, and Ta. inconsequens was detected
from 2 June until 25 June. N. tiliae was detected on
colored panels on 2 July only.
There was a signiÞcant visual response to color for

T. calcaratus in both years (1991: F � 3.07; df� 4, 180;

P � 0.02 and 1992: F � 3.23; df � 4, 210; P � 0.01).
Yellow panels attracted more T. calcaratus than any
other color except red in 1991 and white in 1992
(Table 2). Similarly, Ta. inconsequens showed signiÞ-
cant response to color in 1991 (F � 4.15; df � 4, 209;
P � 0.003) and 1992 (F � 7.18; df� 4, 150; P � 0.001).
Yellow, white, and red panels attracted the most Ta.
inconsequens in 1991, and yellow and white attracted
the most Ta. inconsequns in 1992 (Table 2). Visual
response by N. tiliaewas signiÞcant in 1991 (F � 7.05;
df � 4, 119; P � 0.0001) but not in 1992.
Site was a signiÞcant factor in T. calcaratus trap

catch in 1991 (F � 5.08; df� 1, 180; P � 0.03), with the
stand in northeastern Wisconsin capturing the great-
est number. Block was only weakly signiÞcant in 1991
(F � 2.05; df� 5, 180; P � 0.07). Neither site nor block
was a signiÞcant factor for T. calcaratus in 1992. The
northeast site also captured signiÞcantly more Ta. in-
consequens in both 1991 and 1992 (F � 103.32; df � 1,
209; P � 0.001 and F � 8.77; df � 1, 178; P � 0.004,
respectively).TrapcatchofTa. inconsequenswashigh-
est in the northeastern site, but this effect was not
signiÞcant. Block was not signiÞcant for Ta. inconse-
quens in either year. Sitewasnot a signiÞcant factor for
N. tiliae in 1991, but signiÞcantly more N. tiliae were
caught in the northeast than northwest site in 1992
(F � 12.65; df� 1, 209; P � 0.0004). Block was weakly
signiÞcant in 1991 (F � 2.10; df� 5, 119; P � 0.06) but
had no effect in 1992.

Olfactory Response.A total of 444 thripswas caught
in baited water traps in 1991; 85% of these were Ta.
calcaratus (378), 5% were Ta. inconsequens (23), and
10% were N. tiliae (43). In 1992, 1,660 thrips were
trapped, including 1,250 T. calcaratus (75%), 257 Ta.
inconsequens (16%), and 153 N. tiliae (9%).
In 1991, T. calcaratus activity in baited traps was

detected from 21 May until 10 June (Fig. 2a). Ta.
inconsequenswere detected from 5 June until 19 June.
N. tiliaewere Þrst trapped on 21May and remained at
very low levels throughout the trapping period. Trap
monitoring began 3 wk earlier in 1992 (Fig. 2b). T.
calcaratus activity was detected from 23 April until 15
June. The Þrst Ta. inconsequens appeared in mid-May,
but they were not consistently trapped until 4 June,
afterwhich theymaintaineddetectable levels for 5wk.
As in 1991,N. tiliaewere trappedat low levels through-
out the study period.
No thrips species showed a statistically signiÞcant

difference in response (P � 0.05) to any of the test
volatiles and the blank controls.
No consistently signiÞcant trends in trap catch be-

tween the northeastern and northwestern sites were
detected. More T. calcaratus were trapped in the
northeastern site than the northwestern site in 1991
(F � 11.62; df � 1, 186; P � 0.0008). In 1992, signiÞ-
cantly more were captured in the northwestern site
(F � 10.99; df � 1, 488; P � 0.001). Block was not
signiÞcant for T. calcaratus in either year. Neither site
nor block was a signiÞcant factor explaining Ta. in-
consequensolfactory response in 1991. In 1992, sitewas
signiÞcant for Ta. inconsequens (F � 10.63; df� 1, 280;
P � 0.04), with populations higher in the northeast,

Fig. 1. Visual response (mean� SE) ofT. calcaratus (f),
Ta. inconsequens (E), and N. tiliae (ƒ) to colored sticky
panels in (a) 1991 and (b) 1992.

Table 1. Spectral reflectance (mean � SE) of colored panels
used to assess visual response of three forest thrips species

Color Ultravioleta
Spectral reßectance (nm)

Visibleb Near infra-redc

Blue 12.05� 0.58 22.08� 0.85 56.68� 1.35
Green 9.32� 0.13 18.34� 0.64 63.33� 1.59
Red 13.62� 0.15 35.05� 1.94 94.08� 0.05
White 63.44� 0.77 87.02� 0.31 94.51� 0.05
Yellow 11.06� 0.33 58.71� 2.09 93.03� 0.05

a Ultraviolet, 350Ð400 nm.
b Visible, 400Ð700 nm.
c Near infra-red, 700Ð1050 nm.
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and block was strongly signiÞcant (F � 4.47; df � 4,
280; P � 0.002). N. tiliae showed no signiÞcant site
effect in 1991, but in 1992 the northwestern site
trapped signiÞcantly more (F � 30.18; df� 1, 698; P �
0.0001). Block was not signiÞcant for N. tiliae trap
catch in either year.

Discussion

Spectral sensitivity has been documented exten-
sively in thysanopterans and seems to be correlated
with patterns of host use. Kirk (1984) suggests that
polyphagous species that feed on a variety of plant
tissues have a generalized response to low UV white,
yellow, and blue. For example, blue and white are
attractive to thrips infesting cotton (Beckham 1969),
and citrus thrips, Scirtothrips citri (Moulton), aremost

attracted to white and yellow (Beavers et al. 1971).
Yudin et al. (1987) found the western ßower thrips, F.
occidentalis(Pergrande), tobemost attracted towhite
in Þeld studies, but in glasshouse experiments, it pref-
erentially lands on blues and can distinguish between
shades of blue (Brødsgaard 1989,VernonandGillespie
1990). In both years of our study, T. calcaratus, a bud-
and foliage-associate, was most responsive to yellow,
but there was no statistically signiÞcant difference in
response betweenyellowand red andbetweenyellow
and white. Enhanced response to red could be attrib-
uted to the red buds of American basswood, which T.
calcaratus readily exploits. Similarly, Ta. inconsequens
did not distinguish among red, white, and yellow in
1991, butdid so in1992.Ta. inconsequens is also anearly
season defoliator in maple stands of the northeast
United States, feeding on buds, foliage, and ßowers.
Bothof these thrips speciesexploitmultipleplantparts
and therefore must be ßexible enough in their re-
sponse to visual stimuli to be able to recognize and use
the available resources. The red, white, and yellow
colors that we tested were most similar in reßectance
at the longer, near infra-red wavelengths, and most
different at the shorter UV wavelengths, suggesting
that these two thrips species show less spectral sen-
sitivity than has been reported in some other species
to reßectance at shorter wavelengths. In our study,
blue elicited the lowest response by T. calcaratus and
Ta. inconsequens. N. tiliae made no distinction among
colors; this lack of a detectable visual response could
be because of the low numbers trapped in our study.
Olfactory cues did not generate consistent re-

sponses. It is somewhat surprising that neither T. cal-
caratus nor Ta. inconsequens showed any increased
response to plant extracts, because both species
emerge from overwintering sites in the soil and move
to suitable hosts (Parker et al. 1988, Rieske and Raffa
1996). Ta. inconsequens has been reported to respond
to anisaldehyde and ethyl nicotinate in northeastern
U.S. forests comprised largely ofAcer spp. (Hollister et
al. 1991). The lack of response in our study could be
because of geographic differences, differences caused
by forest stand composition, or differences in thripsÕ
population size.
Visual and olfactory stimuli play key roles in insect

host location (Prokopy and Owen 1983) and have
been exploited for pest detection, determining sea-
sonal activity and relative abundance, and enhancing
thrips management in many systems, including glass-

Table 2. Visual response (mean � SE) of three forest thrips species to colored panels in two deciduous forests in northern Wisconsin
over 2 yr

Color
T. calcaratus Ta. inconsequens N. tiliae

1991 1992 1991 1992 1991 1992

Blue 0.25� 0.11b 0.52� 0.14b 0.09� 0.04c 0.11� 0.05b 0.01� 0.006b 0.11� 0.04a
Green 0.44� 0.13b 0.77� 0.15b 0.22� 0.07bc 0.17� 0.08b 0.01� 0.006b 0.18� 0.07a
Red 0.60� 0.17ab 1.05� 0.25b 0.32� 0.08ab 0.81� 0.26b 0.01� 0.006b 0.06� 0.03a
White 0.50� 0.12b 1.40� 0.35ab 0.33� 0.10ab 1.69� 0.38a 0.02� 0.10b 0.06� 0.03a
Yellow 0.92� 0.22a 2.25� 0.50a 0.43� 0.10a 2.17� 0.50a 0.07� 0.02a 0.14� 0.05a

Means within species within years followed by the same letter are not signiÞcantly different (FisherÕs protected LSD, P � 0.05)

Fig. 2. Visual response (mean� SE) ofT. calcaratus (f),
Ta. inconsequens (E), and N. tiliae (ƒ) to water traps baited
with selected compounds in (a) 1991 and (b) 1992.
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houses (Brødsgaard 1989, 1990, Teulon and Ramakers
1990), vegetable crops (Yudin et al. 1987), orchards
(Beavers et al. 1971, Coli et al. 1992), and sugar maple
stands (Coli et al. 1992). In our study, the two trap
types assessing different sensory modalities provided
similar seasonal patterns and relative abundances
among the three species, andboth trap types indicated
a population increase over successive years. However,
within each thrips species, the different trap types
sometimes provided differing relative site abun-
dances. These differences could be a reßection of
differing plant species compositionbetween sites.Our
studydidnot include a vegetation inventory, soweare
not able to relate thripsÕ abundance to forest stand
composition. Trap characteristics such as type, height,
shape, silhouette, size, and angle of landing surface
have been shown to affect trap catch and subsequent
estimates of insect populations (Lewis 1959, Beavers
et al. 1971, Kirk 1987, Muirhead-Thomson 1991). Fur-
thermore, response to stimulimay varywith insect sex
and age (Southwood 1978), which would be reßected
in trap catch. Coli et al. (1992) found that vertically
oriented ßuorescent yellow rectangles caught the
greatest number of pear thrips in sugar maple stands
of thenortheastUnited States. These factors shouldbe
considered in the implementation of a thrips trapping
program in basswood stands. Our results suggest that
incorporating visual cues into trap designs has poten-
tial for sampling thrips populations on basswood as a
component of an IPM program in forest management.
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