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BIOLOGY, INJURY, AND CONTROL OF THE EUROPEAN
NEEDLE-BENDING MIDGE (DIPTERA: CECIDOMYIIDAE)
ON SCOTCH PINE IN MICIDGAN
Louis F. Wilsonl, Frank J. Sapi02, and Gary A. Simmons 3
ABSTRACT

Contarinia baeri is univoltine in Michigan. Adults emerge in spring, and females
deposit eggs in small clusters in the sheaths of new-growth pine needles. Larvae hatch
shortly thereafter and there are three larval instars. Larval feeding causes the needles to
at first droop, discolor, and eventually drop, reducing the quality of Christma, trees and
occasionally killing shoots. Larvae overwinter on the ground in cocoons, and pupate in
spring. Adults were suppressed (> 75% control) with formulations of Pydrin® (fenva
lerate) and Tempo® (cyfluthrin) applied within a week after adult emergence.

The European needle-bending midge, Contarinia baeri (Prell), a pest of Scotch pine,
Pinus sylvestris. was first observed by Butovitsch (1930) in Europe. Soon after, Prell
(1931) described it as a new species.
In 1953, Reeks (1954) discovered a new midge on red pine, P. resinosa, in New
Brunswick, Canada, which came from Europe probably on imported nursery stock. He
later identified it as C. baeri. Since then the midge has injured Scotch pine and red pine
in Nova Scotia, Ontario, and Quebec. It may have been introduced into Canada more than
once, considering the disparity in time, geography, and hosts (DeBoo et al. 1973).
In Michigan, the midge was first detected in 1976 in a Scotch pine Christmas tree
planting in Emmet County. Other Christmas tree growers found midge injury in their
plantings in the late 1970's, but misidentified it as pine chafer, Anomala oblivia Horn,
injury for years. Accordingly, their attempts to treat it were unsuccessful. Since then this
midge has spoiled Christmas trees throughout the state.
In Europe, C. baeri is commonly referred to as "the needle-bending pine gall midge"
from "die nadelknickende Kieferngallmiicke" coined by Prell (1931). Canadian reports
refer to C. baeri variously as "needle midge" (Lavallee and Benoit 1978, Sippell et al.
1978), "pine needle midge" (DeBoo et al. 1973, DeBoo and LaPlante 1975, Sterner and
Davidson 1981), and "European pine needle midge" (Lavallee et al. 1981, Kondo and
Taylor 1984). We prefer the name "European needle-bending midge" to distinguish it
from other North American and European pine needle midges. In Europe the condition or
injury is called "needle droop" (Skuhravy 1973).

lUSDA Forest Service, North Central Forest Experiment Station, 1407 S. Harrison Road, East
Lansing, MI 48823.
2Michigan Department of Natural Resources, Regional Headquarters, Box 128, Roscommon,
MI48653.
3Department of Entomology, Michigan State University, East Lansing, MI48824.
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METHODS AND MATERIALS
We studied this midge in 1984 and 1985 in three widely separated Scotch pine
Christmas tree plantations in the Lower Peninsula of Michigan, From north to south the
study areas were located near Cheboygan (Cheboygan Co., 45°40' N. lat.), Lake City
(Missaukee Co., 43°50' N. Lat.), and Brooklyn (Jackson Co., 42°6' N. lat.). The trees
were 1-3 m tall, sheared at least twice, and lightly to heavily infested by midges. Insect
specimens were collected weekly or bi-weekly in spring and early summer and monthly
in late summer and fall of both years. Midge eggs and larvae were studied by collecting
needles before and after injury. Larvae that dropped to the ground were tallied using
aluminum pans placed beneath the trees. Adult emergence was determined with ground
traps made from aluminum cake pans, each with an attached plastic cup and vial full of
ethylene glycol. The traps were similar to, but smaller than, those used by DeBoo et al.
(1973). In 1984, many 25 cm square, yellow, sticky-trap boards with overlays of various
colors were tied near the leaders of some trees to capture adults, but these were later
abandoned because they captured too many other insects.
Midge injury within a tree was assessed on nine 1.5-2.5 m tall trees, Tree injury was
subjectively ranked light, medium, or heavy from an estimate of the amount of foliage
missing or yellowing in the upper crown, Three trees per category were selected, and the
percentage of injured needles was used to assess injury on the top whorl and the four
vertical quarters of the tree.
In 1984 we installed eleven O.IO-ha (O,25-acre) test plots on the east edge of the
Cheboygan plantation. Each treatment contained 100 to 150 trees. Treatments assigned
randomly were: check, and various dosages of trifumuron (Alsyston®), fenvalerate
(Pydrin®), cyfluthrin (Tempo®), and acephate (Orthene® Tree and Orchard Spray),
Chemicals were applied with a Solo 432 backpack mistblower calibrated to deliver 142
Iiha (I5 galJac). The treatments were made on 21 June starting at 10 a.m. with slight wind
and 22°C temperature. Two weeks later the check and spray plots were surveyed by
determining the number of infested needles on the top whorl and leader of 75 randomly
selected trees. In October, 50 trees in each plot were reassessed to determine full effect
of midge feeding, using the following ranking: O-no discernible midge damage; 1
light; 2-moderate; and 3-heavy, A light ranking meant noticeable injury but negligible
degrade; moderate indicated some degrade for the current year; and heavy meant trees
were considerably degraded and unmarketable for 2 to 3 years. Damage values were
analyzed using the non-parametric Kruskal-Wallis Analysis of Variance, and individual
treatment comparisons were made with a Wilcoxon Rank Sum test.
In 1985, to test chemicals further, we set up 16, lO-tree test plots scattered throughout
a portion of the Lake City plantation. Treatment chemicals were applied by a mistblower
calibrated for 142 lIha to plots assigned randomly. Eight plots were treated on 11 June,
and the other eight plots were treated in the same manner on 19 June. The treatments were
done one week apart to see if timing was critical for controL Treatments consisted of
check, and various dosages of fenvalerate, acephate, and cyfluthrin, Chemicals were
applied in the morning when temperatures were 25° to 26°C, The trees were rated on 9
September by two individuals who estimated the percentagesJf foliage missing (5%
increments) on the top whorl and leader, The transformed data ( arc sine) were analyzed
by ANOVA for dosage and spray date with dates later pooled for treatment comparisons,
LIFE HISTORY AND HABITS
C. baeri is univoltine in Michigan. Detailed drawings of the various life stages and
descriptions of morphological features can be found in Reeks and Smith (1956), DeBoo
et aL (1973), and Skuhravy (1971),
The time of adult emergence depends upon temperature and latitude. In 1985, adults
first appeared on 17 May, 1 June, and 8 June at the Brooklyn, Lake City, and Cheboygan
locations, respectively. Within a day or two after adult eclosion, each female lays several
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smooth, yellow, slightly curved eggs, usually in small clusters (2-8) beneath the outer
scales of the fascicles on new-growth needles. She places the eggs as far under the sheath
as her flexible telescopic ovipositor permits. Ten eggs averaged 0.30 mm (range
0.25-0.38) long by 0.07 mm (range 0.06-0.09) wide.
Within 6 to lO days, the larvae eclose, penetrate the inner sheaths of the fascicle, and
enter the crevice between the needles. Reeks (1954) found as many as 25 larvae in a single
red pine needle cluster, a number that seems unusually high. In Canada, DeBoo et al.
(1973) reported that new shoots are two-thirds to three-fourths grown at larval eclosion.
At first all larvae feed on the inner flat surface of the basal part of the needle, but usually
only one mature larva is found in the sheath. Skuhravy (1971) counted 1-8larvae/sheath
in Czechoslovakia in July, but only 1-3 remained by mid-August. The larval popUlation
peaks about 3 weeks after emergence. Larvae vacate the needles 2-3 weeks later, but a
few individuals, for reasons unknown, remain in the intact needles until fall. DeBoo et al.
(1973) found a small number of larvae feeding in October, and Skuhravy (1971) indicated
about 3% of the larvae were still present in needles in late September. He also found much
overlap in the developmental stages.
Head-capsule measurements indicated three larval instars. Mean head capsule widths
for 42 larvae were 0.030,0.040, and 0.052 mm for the three larval instars, respectively.
Third-instar orange-yellow larvae taken from needles ranged from 1.5 to 3.0 mm long
depending upon their age. Each third-instar larva has a bilobed sternal spatula (see Reeks
and Smith 1956).
When fully grown, most larvae vacate the needles and drop to the ground. After
penetrating the upper layers of duff and soil, they form papery cocoons. Some larvae spin
their cocoons while still in the fascicle, and these insects eventually fall to the ground
when the needles drop. The overwintering larvae pupate in the spring, and adults emerge
a few weeks later.
HOST INJURY
The earliest symptom characterizing C. baeri injury is a slight bending or drooping of
one or both needles of the pair in a fascicle on new foliage shoots in the spring (Fig. 1).
Frequently needles twist. This drooping or twisting is caused by a lesion made by feeding
larvae at the base of the needle (Fig. 2). As the injured tissue attenuates and dies, the
droop becomes more pronounced. Eventually one or both of the needles turn brown. By
early to mid-July, heavily infested trees appear brownish, especially in the upper crown.
This is followed by a thinning of the dead needles in late July and August. Leaders and
upper whorls may be completely defoliated when heavily infested (Fig. 3). Several
investigators have noted that the top of the tree is usually damaged more than other parts;
the leader receives the most injury. Our census of injured needles on nine trees indicated
that regardless of the injury category, more than 90% of the damage occurred in the upper
half of the tree, and 21 to 42% was on the first whorl (Table 1). In the 2 years of this
study, we found only a few dead leaders and an occasional dead lateral in the top whorl,
and these were only on the most heavily infested trees.
We noted also that whenever trees were heavily infected with stem galls of the jack pine
gall rust, Cronartium sp., midge attack was rare or absent. The needles on the galled trees
were stunted considerably and may have been unsuitable for oviposition or larval
development.
CHEMICAL TREATMENTS
In the 1984 tests, Pydrin® at 0.22 kg Allha (0.20 lbs. AIIac) dosage reduced the insect
popUlation by 99.8%. Tempo® at 0.05 kg Allha (0.05 lbs. AIIac) and Pydrin® at 0.11
kg Allha (0.10 lbs. Allac) provided 90.7 and 89.2% reduction, respectively (Table 2).
Lower dosages of Pydrin® and Tempo® gave correspondingly lower insect suppression,
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Fig. 1 Needles drooping on Scotch pine due to Contarinia baeri feeding.
Table I. Distribution of injury by Contarinia baeri on nine Scotch pine Christmas trees for three
injury categories.
Percentage of injured needles
Injury"
Light
Moderate
Heavy

First
whorl

First
quarter"

Second
quarter

Third
quarter

Fourth
quarter

26
21
42

68
81
74

24

8
3

0

IS

20

5

"Each category consists of three trees.
blncludes injury from first whorl.

as did Alsystin® at 0.28 and 0.56 kg AIIha (0.25 and 0.50 Ibs. AIIac) dosages. Orthene®
Tree and Orchard Spray applied at 2.19 lIha (I5 fL oz/ac) gave the poorest control of all
treatments, which was only 50.3%. A standard formulation of oxydemeton-methyl
(Metasystox-R®), applied twice by the plantation owner to the rest of the stand as an
independent test, reduced the insect population by 93.0%.
The 1985 spray treatments, because of the way in which they were censused and
analyzed, are not directly comparable to the 1984 treatments. In general they reaffirmed
that the synthetic pyrethroid Pydrin® and Tempo® suppressed the insects better than
Orthene®. Also, there was no significant difference between the 11 June and 19 June
treatments, suggesting there is an adequate spray window of at least 1 week after adults
emerge in the spring.

1988

THE GREAT LAKES ENTOMOLOGIST

101

Fig. 2 Contarinia baeri larva at its feeding site on Scotch pine needles. The fascicle sheath and
opposing needle have been removed.

Other investigators previously tested various insecticides and obtained inconsistent
results. Berger (1959) reported that demeton (at 0.5%) reduced needle fall by 94%. His
other test chemicals were unsatisfactory. DeBoo et aL (1973) reported that liquid
formulations of dimethoate, fenthion, and malathion, applied by knapsack and hydraulic
sprayer, were effective in reducing larval feeding. Granular aldicarb, applied on the soil
by a seed spreader, significantly suppressed adults emerging from the ground. The
chemicals chlorpyrifos-methyl, disulfoton, and lindane gave less consistent and less
satisfactory results at all dosages tested.
DISCUSSION
C. baeri does not kill trees, but it causes asymmetrical apical needle drop that disfigures
ornamentals and forest trees and lowers the sale price of Christmas trees. Also, pines such
as: Chinese pine, Pinus tabulaeformis; knobcone pine, P. attenuata; ponderosa pine, P.
ponderosa, Jeffrey pine, P. jeffrei; and pitch pine, P. rigida, planted in Europe have been
injured by this midge (Butovitsch 1930, Skuhravy 1973).
Pydrin® and Tempo® can alleviate midge injury even at relatively low dosages.
Several dosages, which greatly reduced the insect population, were conditionally
successfuL However, practical success for the Christmas tree grower occurs when the
treatment results in many marketable trees with no or light injury but only a few trees with
moderate or heavy injury. For example, 32% of the untreated check trees were readily
marketable, whereas 68% were degraded to poor quality standard and cull trees. In
contrast some Pydrin® and Tempo® treatments resulted in 91-99 percent marketable
trees (Table 2). Interestingly, the Tempo® (0.03 kg rate) treatment that had a score of
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Fig. 3. Contarinia baeri damage on Scotch pine showing drooping needles and loci of fallen
needles: A. A moderately attacked upper whorl; B. A heavily attacked leader.

Table 2. Effects of mistblower applications of chemicals on Contarinia baeri on Scotch pine
Christmas trees in 1984.

Treatmenta
Pydrin 2.4 EC
Tempo 2 EC
Pydrin 2.4 EC
Pydrin 2.4 EC
Tempo 2 EC
Alsystin 4F
Alsystin 4F
Pydrin 2.4 EC
Orthene T&O
Check

Rate
Ib AI/acre

Percent
reduction

Rankb

Percent
marketable trees'

0.200d
0.050
0.100
0.025
0.025
0.250
0.500
0.050

99.8
90.7
89.2
77.0
76.0
74.1
69.1
60.3
50.3
0

a
abc
abc
abed
abcd
bed
cd
de
e
f

99
99
91
66
96
60
64
64
60
32

_e

"Each treatment consisted of 75 trees.
bPercentages with same letter are not significantly different at P > .05.
"Trees with none or light midge damage only.
dTo convert to kgJha multiply by 1.12.
eTree and Orchard Spray formulation was applied at label-recommended dosage of 15 fL oz.lac.
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96% marketable trees had only 76% population reduction. In this case, success could only
be determined by assessing the percentage of marketable trees in the fall, and not
by looking solely at the reduction in insect population. The other treatments that pro
vided only 60-66% marketable trees would, for most growers, be considered un
successful.
Timing of control is critical, and treatments should be made within a week after the
adults emerge in the spring. In Michigan's Lower Peninsula, emergence varied by 3
weeks (17 May to 5 June) from south to north. Most likely the midge would emerge about
a week later in the Upper Peninsula, as the Canadians reported emergence in late June at
a similar latitude (DeBoo and LaPlante 1975). Emergence may be even later in Europe.
Skuhravy (1973) reported seeing midges in late June to early September in Czechoslo
vakia, the time there depending upon the altitude.
Because Christmas trees grow out of the injury in 2-3 years, a light and perhaps even
a moderate attack on trees 2 or more years from market may not necessarily be a serious
problem for growers. Most trees can stand a small amount of defoliation, and most
moderately injured trees recover in 1 or 2 years. Trees nearer to harvest age can be
pruned and sheared to partially alleviate injury. We did not attempt to correctively prune
midge-injured shoots, but DeBoo and LaPlante (1975) reported that some Christmas tree
growers in Canada successfully restored damaged trees by clipping and shearing.
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TERRICOLOUS SPIDERS (ARANEAE) OF INSECTICIDE-TREATED
SPRUCE-FIR FORESTS IN WEST -CENTRAL MAINE
Daniel J. Hilburn l and Daniel T. Jennings2
ABSTRACT
Spiders of 12 families, 42 genera, and at least 62 species were captured in linear-pitfall
traps placed in insecticide-treated3 (Sevin-4-0il®, Dipel 4L®, Thuricide 16B®) and
untreated spruce-fIr forests of west-central Maine. Species richness per family ranged
from I (Theridiidae, Araneidae, Salticidae) to 19 (Erigonidae). Most trapped species were
web-spinners (67.2%); most trapped individuals were hunters (75.2%). Lycosidae
accounted for 66.1 % of all (n = 887) captured spiders.
Total trapped spiders varied among insecticide treatments, sampling dates, and study
sites. However, comparison of mean prespray and postspray trap catches indicated no
signifIcant reduction (ANOVA, ANCOVA, P
0.05) in terricolous spiders following
insecticide treatments. Increases in spider abundance during postspray sampling periods
may have masked detection of treatment effects.

Spiders are among the dominant predatory arthropods in many terrestrial communities
(Gertsch 1979). Despite their ubiquitous occurrence and potential economic importance
(Riechert 1974), few investigations have been made of the spiders associated with forest
communities in North America. For northeastern forests, Loughton et al. (1963), Renault
and Miller (1972), and Jennings and Collins (1987) provide lists of arboreal spiders
associated with spruces (Picea spp.) and with balsam fir (Abies balsamea). Only one
in-depth study has been made of the terricolous spider fauna of spruce-fir forests in Maine
(Jennings et al. 1988).
Since the mid-1950's, numerous chemical and microbial insecticides have been aerially
applied to suppress popUlations of the spruce budworm, Choristoneura fumiferana
(Clemens), in Maine's spruce-fir forests. Carbaryl (Sevin-4-0il@) and various formula
tions of the entomopathogenic bacterium Bacillus thuringiensis var. kurstaki Berliner
(hereafter, B. t.) have been sprayed from fixed-wing aircraft and helicopters (Trial et al.
1979, Dimond et al. 1981, Dimond 1982, Maine Forest Service 1981). Because both pest
and nontarget organisms may be affected, numerous studies have addressed the effects of
these insecticides on pollinators, parasites, and predators. [For reviews of carbaryl and
nontarget organisms, see Trask (1982); for B. t. and nontarget organisms, see Dulmage
and Aizawa (1982), Krieg and Langenbruch (1981), Morris (1982).]
The effects of carbaryl on spiders in Maine's spruce-fIr forests were investigated by
Hydorn (1979); the effects of B. t. on spiders in Ontario's fIr-spruce forests were studied
by Buckner etal. (1974).
Because most spiders are obligate predators that feed chiefly on insects (Gertsch 1979,
.

.

l:J:>epamnent of .EBI:OOIoJog", University .. ~f Maine, Orono, ME 04469. Present address:
~t of AgricUltUre and·;Fisheries;·P. O.Box 834, Hamilton HMCX, Bermuda.
<USDA, Farest Service, Nonheastern Forest Experiment Station, USDA Building, University
of Maine, Orono, ME 04469.
3Mentioo .of a commercial or pmprietary product .does not constitute endorsement by the
University of Maine or.me U.S. Dept. of Agriculture, F()rel;t Service.
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Kaston 1981), the potential detrimental effects of insecticides directed at pest populations
are of paramount importance. Spiders are only one trophic level above insect herbivores;
drastic reductions in pest (prey) populations could adversely affect predator populations
(Newsom 1967, Coppel and Mertins 1977).
In the spring of 1980, a comparison was made of the impacts of carbaryl (Sevin-4-0il®)
and two formulations of B. t. (Thuricide 16B® and Dipel 4L®) on nontarget terrestrial
insects and spiders in spruce-fir forests of west-ccntral Maine (Hilburn 1981). For that
study, spiders were identified to family level. Here we report the species of spiders
collected; compare total catches of spiders among treatments, sampling dates, and study
sites; and determine possible treatment effects based on mean pitfall catches of spiders
during prespray and postspray sampling periods.
METHODS
Study Sites. In 1980, 12 sampling sites were chosen for study in spruce-fir forests of
west-central Maine near Moosehead Lake. All sites previously had been sprayed for
spruce budworm control in 1978; none were sprayed in 1979. Three sites each were
established in blocks sprayed with Sevin-4-0il®, Dipel 4L®, and Thuricide 16B®; three
sites were designated as untreated controls.
The Sevin-4-0il® sites were within a series of spray blocks (4047 ha total) in T1 R13,
Piscataquis County; the blocks were sprayed with fixed-wing aircraft at a rate of 2.9 lIha
(40 fl. oz./ac). The Dipel 4L® sites were three blocks (40.5 ha each), one each in Lily
Bay, T1 R13, and Spencer Bay Townships, Piscataquis County; the blocks were sprayed
with fixed-wing aircraft at a rate of9.35 I/ha (l gal/ac) (20 BIU/ha). Thuricide 16B® sites
were within a spray block (2833 ha total) in Tornhegan Township, Somerset County; the
block was sprayed with helicopters at a rate of 5.8 l/ha (80 fl. oz./ac) (20 BIU/ha).
Control sites were three blocks (40.5 ha each), one each in Lily Bay, Tl R13, and Spencer
Bay Townships, Piscataquis County; the blocks were left untreated. All spray treatments
were applied between I and 5 June 1980.
Pitfall Traps. At each study site, a linear pitfall trap (Pausch et al' 1979) was placed
in a forest opening large enough (10-50 m diam.) to allow aerially applied insecticide to
reach the ground near the trap. Despite limitations, pitfall trapping remains the best
available means for sampling cursorial spiders (Uetz 1975, Uetz and Unzicker 1976).
Traps consisted of I-m sections of galvanized rain gutter buried flush with the ground
(Fig. 1); each had a wooden cover. Four short corner legs held the cover 2 cm above the
top edge of the trap. AI: I mixture of ethylene glycol (automobile antifreeze) and water
was added to each trap and maintained at a depth of ca. 2 cm. An aquarium net was used
to scoop captured insects and spiders out of the traps. Trap catches were stored in 70%
ethanol until specimens were sorted and identified.
Sampling Periods. There were six sampling periods, three before insecticide treatment
(prespray) and three after insecticide treatment (postspray). Each sampling period lasted
48 h. Between sampling periods, trap covers were turned over to prevent entry of insects
and spiders; covers were positioned in place during sampling periods. All samples were
taken during sunny, warm weather; mean daily maxima were 23°, 22°, 20°, 23°, 25°,
24° C each sampling period, respectively (N.O.A.A. Climatological Data, Ripogenus
Dam, 1980). Prespray sampling dates were 21-23 May, 23-25 May, and 29-31 May;
postspray sampling dates were 6-8 June, 13-15 June, and 27-29 June, for possible
detection of immediate, I-week, and 2-week post treatment effects.
Spider Identifications. Most collected spiders were identified by the junior author;
species determinations follow Kaston (1981) and other consulted sources including: Opell
and Beatty (1976) for the Hahniidae; Leech (1972) for the Amaurobiidae; Chamberlin and
Gertsch (1958) for the Dictynidae; Dondale and Redner (1982) for the Clubionidae; and
Dondale and Redner (1978) for the Philodromidae and Thomisidae. Some Erigonidae
were identified by C. D. Dondale and J. H. Redner, Biosystematics Research Centre,
Ottawa; species determinations of the Erigonidae follow numerous consulted taxonomic
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Linear-pitfall trap for sampling terricolous spiders in spruce-fir forests of west-central

papers and comparisons with voucher specimens housed in the Canadian National
Collections of Insects, Arachnids, and Nematodes, Ottawa,
Only sexually mature spiders were identified to species; juvenile and penultimate stages
were identified to generic level. Species descriptions of spiders are based chiefly on the
genitalia, which are not fully developed until maturity, Representative specimens of most
spider species trapped during this study are deposited in the arachnid collections of the
U, S, National Museum of Natural History, Washington, DC,
Data Analyses. Analysis of variance (ANOVA) and analysis of covariance (AN
COVA) were used to compare mean catches of spiders during prespray and postspray
0,05, Hartley's Test for
sampling periods for insecticide treatments and control at P
homogeneity of variance indicated transformations were not required,
RESULTS
Spider Taxa. Spiders of 12 families, 42 genera, and at least 62 species were captured
in linear-pitfall traps placed in spruce-fir forests of west-central Maine (Table 1), Species
richness per family ranged from 1 to 19; the Erigonidae had the richest representation
, 31.2% of all species), Species of web-spinning spiders (67,2%) outnumbered
species of hunting spiders (32.8%) about 2 to I. More species of web spinners were
captured during the postspray period (32 spp.J than during the prespray period (23 spp.);
whereas, species of hunters were about equally represented during both periods.
Spider Numbers. Wolf spiders (Lycosidae) were numerically dominant, and ac
counted for 66,1% of all (n
887) captured specimens, The next most abundantly
represented families were the Erigonidae (8.0%), the Amaurobiidae (6.5%), and the
Agelenidae (5,4%). Each of the remaining families accounted for < 5% of the total
trapped spiders,
Grouping spider families by foraging strategy indicated that hunters outnumbered web
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Table 1. Species and number of spiders collected in linear-pitfall traps, insecticide-treated spruce-fir
forests, west-central Maine, 1980.
FAMILY

Number
juv

Genus species
WEB SPINNERS
AGELENlDAE
Agelenopsis sp.
CIcurlna brevis (Emerton)
Cicurina pa/lida Keyserling
Cicurina sp.
Cryphoeca montana Emerton
Wadoles ca/caratus (Keyser ling)
Wadotes sp.
HAHNIIDAE
Antistea brunnea (Emerton)
Hahnia cinerea Emerton
Neoamistea agilis (Keyserling)
Neoantistea magna (Keyser ling)
Neoantistea sp.
AMAUROBIIDAE
Amaurobius borealis Emerton
Amaurobius sp.
Cal/loplus tibialis (Emerton)
Callobius bennett; (BlackwaIl)
C allobius sp.
THERIDIIDAE
Robertus riparius (Keyserling)
Undet. sp.
LINYPHIlDAE
Aphileta misera (O.P.-Cambridge)
Bathyphantes pallidus (Banks)
Bathyphantes sp.
Centromerus persolutus (O.P.-Cambridge)
Lepthyphantes zebra (Emerton)
Meioneta fabra (Keyserling)
Oreonetides recurvatus (Emerton)
Oreonetides retangulatus (Emerton)
Oreonetides sp. 3
ERIGONlDAE
Baryphyma kulczynskii (Jeskov)
Baryphyma longitarsum (Emerton)
Ceraticelus bulbosus (Emerton)
Ceraticelus laetabilis (O.P.-Cambridge)
Ceraticelus minutus (Emerton)
Cerati1lella brunnea Emerton
Gonatium crassipalpum 'Bryant (Blackwall)
Grammonata gigas '(Banks)
Grammoflota sp.
Halorates plumosus .{Emerton)
Oedothorax trilobatus (Banks)
PocarJicnemis americano'MiUidge
Scotinotylus pallidus (Emerton)

3
13

4
2
3

8
10

1
4
I

3

7
13
2

7
3
14

13
20

2

2
2

2
1

6

5
9

2
2
2

I
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Table 1. (Continued)
FAMILY

Number

00

Genus species

juv

WEB SPINNERS (Continued)
ERIGONIDAE (Continued)
Tapinocyba minuta (Emerton)
Tapinocyba simplex (Emerton)
Walckenaeria atrotibiali.l' O.P.-Cambridge
Walckenaeria communis (Emerton)
Walckenaeria directa (O.P.-Cambridge)
Walckenaeria minuta Emerton
Walckenaeria spiralis (Emerton)
Undet. sp.

3
3

1
1
2
20

ARANEIDAE
Araniella sp.
HUNTERS
LYCOSIDAE*
Alopecosa aculeata (Clerck)
Lycosa frondicola Emerton
Pardosa hyperborea (Thorell)
Pardosa mackenziana (Keyserling)
Pardosa moesta Banks
Pardosa xerampelina (Keyserling)
Pardosa sp.
Pirata insularis Emerton
Pirata minutus Emerton
Pirata sp.
Trochosa terrkola Thorell
Trochosa sp.
Undet. sp.
GNAPHOSIDAE
Gnaphosa parvula Banks
Gnaphosa sp.
Haplodrassus hiemo.lis (Emerton)
Micaria aenea Thorell
Micaria pulicaria (Sundevall)
Zelotes frauls Chamberlin
Zelotes puritanus Chamberlin
Zelotes sp.
CLUB IONIDAE
Agroeca ornata Banks
Agroeca pratensis Emerton
Agroeca sp.
Clubiona canadensis Emerton
Clubiona sp.

4
I

1

46

16

192

77

33

11

10

6

68
4
5
57

28
1
9

*12 specimens lost after data recorded.

4
4

1

1

4

5

1
11
23

5

1
2

THOMISIDAE
Xysticus elegans Keyserling
Xysticus emenoni Keyserling
SALTICIDAE
Neon nelli G. & E. Peckham

14

2
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Fig. 2. Mean catches of terricolous spiders in linear-pitfall traps by insecticide treatments and
sampling dates.

spinners 3 to 1. Most (87.9%) of the hunting spiders (n
667) were Lycosidae. The
web-spinning spiders (n = 220) primarily were represented by erigonids (32.3%),
amaurobiids (26.4%), and agelenids (21.8%); followed by hahniids (12.7%) and
linyphiids (5.0%).
Most of the trapped spiders were males (55.5%); females accounted for 24.0%, and
juveniles 20.5% (12 specimens of Lycosidae lost; n = 875). Percentage life-stage
representation in trap catches differed by foraging strategy; for web spinners (n = 220)-
males (42.7%), females (30.0%), juveniles (27.3%); for hunters (n
655)--males
(59.8%), females (22.0%), juveniles (18.2%).
Total numbers (n = 887) and percentages of spiders captured in linear-pitfall traps
varied among treatments, sampling dates, and study sites (Fig. 2). The abundancc or
scarcity of Lycosidae accounted for most of the unequal distribution of spiders among
study sites. For example, the Lycosidae accounted for more than 70% of all spiders
captured during the 13-15 June sampling.
Treatment Effects. We detected no significant reduction in mean catches of terricolous
spiders following any of the insecticide treatments (Table 2). In fact, postspray trap-catch
means were greater than prespray trap-catch means for the Sevin-4-0il®, Thuricide 16B®,
and control treatments, but not significantly greater (P > 0.05). The interactions between
treatments and sampling dates were nonsignificant. An analysis of covariance also

1988

111

THE GREAT LAKES ENTOMOLOGIST

Table 2, Comparison of mean pitfall-trap catches of terricolous spiders before and after insecticide
treatments for spruce budworm suppression, west-central Maine, 1980.
Postsprayt

Prespray*
Treatment
Sevin-4-0il®
Dipel4L®
Thuricide 16B®
Control

X

(±S.E.)

X

(±S.E.)

Fval ue

Fprob.'

5.78
17.00
12,56
9.78

2.16
5,17
4,01
1.95

7.00
16.89
18.44
Il.ll

1.28
6.32
5,11
2.69

0.24
0.00
0.82
0.16

0.63
0.99
0.38
0.69

*Prespray means based on 48-h pitfall-trap catches for 3 sampling periods (21-23 May, 23-25 May,
and 29-31 May) with 3 replications/treatment.
tPostspray means based on 48-h pitfall-trap catches for 3 sampling periods (6-8 June, 13-15 June,
and 27-29 June) with 3 replications/treatment.
'Mean prespray and postspray trap catches are not significantly different, ANOVA, P ~ 0,05,

indicated that none of the postspray mean catches were significantly reduced by any
treatment (Table 3).
Although we observed no dramatic reduction in mean pitfall catches of spiders
following insecticide treatments, mean catches declined slightly for Thuricide 16B® and
control sites (Fig. 2) immediately after spray. However, mean catches increased for all
treatments by the 2nd-postspray collection period. By the 3rd-postspray collection period,
all but the Sevin-4-0il® treatment showed declining trends in mean catches of spiders.
Between prespray and postspray ~riods, mean catches over all~reatments were not
significantly different (i.e., prespray X = 11.28 ± 1.85; postspray X = 13.36 ± 2.21).
DISCUSSION
The terricolous spider fauna of Maine's spruce-fir forests has received scant attention
from investigators. Procter (1946) listed spiders of 15 families, 94 genera, and 179
species from various habitats on Mount Desert Island, Hancock County; many were from
spruce-fir habitat. Jennings et al. (1988) pitfall-trapped spiders of 15 families, 76 genera,
and at least 125 species in strip-clearcut and dense (uncut) spruce-fir forests of Piscataquis
County. The terricolous spiders we trapped in Somerset and Piscataquis Counties of
west-central Maine provide new locality records for most species.
The species of spiders collected during this study generally are typical for spruce-fir
habitat; all but 2 genera and 14 species (mostly Erigonidae and Linyphiidae) have been
collected from spruce-fir forests of northern Maine (Jennings et al. 1988). Most of the
pitfall-trapped species are epigeal or terricolous; hence, the fauna on or near the ground
in spruce-fir forests differs markedly from the arboreal fauna found on spruce and fir trees
(Loughton et al. 1963, Renault and Miller 1972, Jennings and Collins 1987).
The preponderance of hunting spiders captured over web spinners was not unexpected
because pitfall traps are selectively biased toward capture of wandering cursorial spiders
(Uetz and Unzicker 1976). Pitfall trapping samples a quantity that is the product of
activity and density (Breymeyer 1966, Uetz 1975). Because male spiders generally are
more mobile and may move considerable distances in search of females, the sexes are
seldom equally represented in pitfall-trap catches (Hallander 1967, Muma 1975). We
observed greater percentages of male captures for both web spinner and hunting-spider
categories; however, most of the males were hunters.
The preponderance of wolf spiders (Lycosidae) in our pitfall-trap collections was no
doubt influenced by microhabitat. To allow for maximum insecticide-treatment exposure,
the traps were placed in small forest openings devoid of canopy closure. Because many
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Table 3. Analysis of covariance (ANCOVA), postspray spider populations,* west-central Maine,
1980. t
Treatment
Sevin-4-0il®
Dipel4L®
Thuricide 16B®
Control

Sevin-4-0il®
0.59
0.19
0.76

Dipel4L®

Thuricide 16B®

Control

0.59

0.19
0.44

0.76
0.80
0.30

0.44
0.80

0.30

*None of the adjusted postspray means are significant, ANCOVA, P ;:;; 0.05.
'Prespray means were used as the covariate.

lycosid species are cursorial and sun-loving (Gertsch 1979), traps placed in such openings
away from dense shade are more likely to capture wolf spiders, particularly species of
Pardosa. In northern Maine, Jennings et al. (1988) found wolf spiders more abundant in
open, sunny areas of clearcut strips than in closed shaded areas of uncut residual strips or
dense stands. Bultman et al. (1982) found a scarcity of wolf spiders in a beech-maple
climax forest of western Michigan; Wolff (1981) noted Pardosa spiders were abundant in
fields and more open habitats of Michigan.
In west-central Maine, we found no evidence that terricolous spider populations were
adversely affected by any of the three insecticide treatments. The results for Sevin-4-0il®
are in general agreement with those reported by Hydorn (1979, p. 44), i.e., "Severe
effect of spraying on total terricolous spiders was not indicated ... , although immediate
post-spray rate of decline was relatively steep in plots sprayed with carbaryl." Barrett
(1968) concluded that phytophagous insects were more severely affected by carbaryl than
predaceous insects and spiders.
We also detected no significant effects of two B. t. formulations on terricolous spiders
in west-central Maine. These results are in general agreement with earlier studies;
Buckner et al. (1974) concluded that pitfall-trapped spiders were relatively unaffected by
B. t. treatments applied to fir-spruce forests in Ontario. Other B. t.-arachnid studies
concern mites (Krieg and Langenbruch 1981) and the scorpion Buthus occitanus Amoreux
(Morel 1974). Because spiders ingest liquefied-prey remains (Gertsch 1979), we suspect
that spiders would make ideal subjects for bioassays of B. t.-induced secondary effects
(e.g., B. t.-infected larvae fed to spiders before larval death).
Detection of treatment effects in west-central Maine may have been masked by
apparent increases in spider abundance during the postspray sampling periods (Fig. 2).
Initially, we hypothesized that spider abundance following treatment was influenced by
egg hatch and appearance of young spiderlings. However, few young spiderlings were
captured; most juveniles (especially of Pardosa species) were penultimate males and
immature females. We also are unable to explain fully the apparent decreases in spider
abundance for most treatments during the last sampling period (i.e., 27-29 June). A
delayed secondary treatment effect is possible but unlikely because populations also
declined on control sites. Spiders feed chiefly on live insects. Insects weakened or dying
from any of the insecticide treatments may also have been susceptible to spider predation.
However, dead insects probably did not constitute major portions of spider diets, although
a few species of spiders are known to scavenge on dead insects (Knost and Rovner 1975,
Ross 1981). Availability of potential prey may have been a factor because peaks and
troughs in spider abundance generally coincided with similar peaks and troughs in insect
abundance, especially during the postspray sampling periods (Hilburn 1981),
Wc conclude that future field studies based on pitfall trapping should use more traps to
help stabilize variances in trap catches of spiders, both before and after insecticide
treatments. Although species per trapping effort (62 species/12-trap days) was unexpect
edly great during this study, continuous operation of traps over longer periods of time
(i.e., > 48 h) may be desirable.
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Finally, aerially applied insecticides may have more drastic effects on arboreal spiders
(Hydorn 1979) than on terricolous spiders; the faunas associated with both strata need
much more investigation in Maine's spruce-fir forests.
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ADDITIONAL RECORDS OF MICHIGAN BAT ECTOPARASITES
Steven B. Dood 1 and Allen Kurta2
ABSTRACT
New Michigan county records for Ischnopsyllidae, Cimicidae, Spinturnicidae, Macro
nyssidae, and Trombiculidae from bats are given along with two new bat/parasite records
for the United States.

During June to early August of 1986 over 200 bats were mist-netted above streams in
central Lower Michigan for a study of their natural history, distribution, and abundance.
A portion were macroscopically examined for insect and acarine parasites [35 little
brown bats, Myotis lucifugus LeConte; 24 big brown bats, Eptesicus fuscus Beauvois, 2
Keen's bat, Myotis keenii (Merriam); 2 hoary bats, Lasiurus cinereus (Beauvois); and 1
silver-haired bat, Lasionycteris noctivagans (LeConte) J. Any parasites discovered were
mounted on microslides and identified using the keys listed in Dood and Kurta (1982). All
ectoparasites collected were new county records. These are given by county along with
two new host records for the United States and additional comments. Ectoparasite
specimens are retained in the Special Collections of the Michigan State University
Museum.
ECTOPARASITES AND HOSTS
(I = number of infested hosts, P = number of parasites recovered, * = new host record)
INSECT A:ISCHNOPSYLLIDAE
Myodopsyl/a ins ignis (Rothschild) exM. lucifugus (191!27P), Lake, Montcalm, Mecosta,
Osceola, Roscommon, Clare, Ogemaw, losco.

INSECTA:CIMICIDAE
Cimex adjunctus Barber ex M. lucifugus (31!3P), losco, Montcalm; ex E. fuscus (1I!IP),
Muskegon.

ACARI:SPINTURNICIDAE
Spinturnix americanus (Banks) ex M. lucifugus (91!16P), Manistee, Montcalm, Mecosta,
Missaukee, Ogemaw, Osceola, Roscommon.

'Ohio Environmental Protection Agency, 1035 Devlac Grove, Bowling Green, Ohio 43402
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Spinturnix bakeri Rudnick ex E. fuscus (2I!3P), Newaygo, Gratiot.
ACARI:MACRONYSSIDAE
Macronyssus crosbyi (Ewing and Stover) ex M. lucifugus (12I!37P), Roscommon, Clare,
108co; ex M. keenii (2I!3P), Roscommon; ex E.fUscus (2I!2P), Roscommon. Lawrence
et al. (1965) reported lchoronyssus britannicus (Radford) (= M. crosbyi) as a new state
record from Myotis sp. in Iron Co.
Cryptonyssus flexus Radovsky ex M. lucifugus (3I!6P), Lake, Clare, losco; ex *L.
noctivagans (1I!3P), Ogemaw. This nidicolous parasite of the colonial little brown bat
may have been acquired by the solitary host in a shared day or night roost.
Steatonyssus oecidentaUs (Ewing) ex E. fuscus (24I!117P), Newaygo, Montcalm,
Roscommon, Osceola, Saginaw, Midland, Gratiot, Muskegon.
ACARI:TROMBICULIDAE
Parasecia gurneyi (Ewing) ex *E. fuscus (II/2P), Midland. Wrenn (1974) found this
species on garter snakes, Thamnophis sirtalis (Linnaeus), and a white-footed mouse,
Peromyscus leucopus (Rafinesque), in areas near decaying logs and stumps in
Cheboygan Co. Colonies of E. fUscus occasionally are found in hollow trees (Kurta
1980) and this chigger may have been acquired in such a site.
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ARAPHE CAROLINA IN ILLINOIS (HEMIPTERA: LARGIDAE)
John K. Bouseman l
Araphe carolina (Herrich-Schaffer) is a little-known species that has been recorded
"from North Carolina south to Florida, thence west through Tennessee to Arizona and
Baja California" (Halstead, 1972). Froeschner (1944) characterized it as a "scarce
species" in recording it from five counties in the Ozark Region of southern Missouri. The
purpose of this note is to provide the first records of A. carolina in Illinois and incidentally
to provide the first record of any largid bug in the state.
On 11 and 12 June, 1966, I collected insects at Pine Hills Recreation Area in Union
County, Illinois. While collecting from flowerheads of New Jersey tea, Ceanothus
american us (Rhamnaceae), at a site ca. 8 km. north of Wolf Lake, I took a macropterous
female of A. carolina on the first day and a micropterous female on the second. This
specific collection site was later used by McPherson and Mohlenbrock (1976) in their
study of the Scutelleroidea of the LaRue-Pine Hills Ecological Area and designated
"Collecting Site 15." The reader is referred to their study for a description of the
collecting area.
No host information is available for A. carolina. The two Illinois records along with an
earlier record (Banks, 1912) of a related largid bug, Largus su.ccinctus L., on Ceanothus
americanu.s in Virginia suggest that the association of largid bugs with this plant might be
more than casual.

ACKNOWLEDGMENTS
This publication is a contribution of the Illinois Natural History Survey and the Illinois
Agricultural Experiment Station. College of Agriculture. University of Illinois at
Urbana-Champaign. It was supported in part by Hatch Project No. 12-0361, Biosystem
aties of Insects. Thanks are due to G. L. Godfrey and D. J. Voegtlin for their comments
on a version of this paper and to J. E. MePherson for suggesting its publication.
LITERATURE CITED
Banks, N. 1912. At the Ceanothus in Virginia. Entomol. News 23:102-110.
Froeschner, R. C. 1944. Contributions to a synopsis of the Hemiptera of Missouri, Pt. 3, Lygaeidae,
Pyrrhocoridae, Piesmidae, Tingididae, Enicocephalidae, Phymatidae, Ploiariidae, Reduviidae,
Nabidae. Amer. MidI. Nat. 31:638-683.
Halstead, T. F. 1972. A review of the genus Araphe Herrich-Schiiffer, Pan-Pacific Entomol. 48: 1-7.
McPherson, J. E., and R. H. Mohlenbroek. 1976, A list of the Scutelleroidea of the La Rue-Pine
Hills Ecological Area with notes on biology. Great Lakes Entomol. 9:125-169.

ISection of Economic Entomology, Illinois Natural History Survey, 607 E. Peabody, Cham
paign, IL 61820

1988

THE GREAT LAKES ENTOMOLOGIST

119

SPRING SEASON SURVEY OF THE URBAN BLOWFLIES
(DIPTERA: CALLIPHORIDAE) OF CHICAGO, ILLINOIS
Donald L. Baumgartner1
ABSTRACT
During May 1980, 1165 blowflies of 12 speeies were trapped on chemically enhanced
rat carrion baits in a dense urban setting in Chicago. In descending order, Cynomyopsis
cadaverina, Lucilia sericata, and Phormia regina were the most abundant species
recovered (92% of total). These results are contrasted with other nearby blowfly surveys.

Blowflies are the major decomposers of carrion (Hall 1948). They are also medically
important as disseminators of disease pathogens (Greenberg 1973). The role of these
insects as medicological indicators in forensic medicine has only recently been widely
recognized and applied (Smith 1986). However, there is a paucity of basic information on
the distribution and phenology of these insects regionally (Smith 1986). Forensic
inferences about cadaver history, as well as investigations of the medical importance of
these insects, are dependent upon an adequate knowledge of the distribution, composi
tion, and bionomics of carrion faunas which are known to vary with geography and
synanthropy. Except for fall season collections (Melnick 1949) and carrion successional
studies in forests (Johnson 1975), little other information exists on Illinoisan Calliphori
dae, particularly in urban habitats during the spring season. I now report on the spring
season occurrence of blowflies in a densely urban area of northeastern Illinois based on
collections from chemically enhanced rat carrion.
MATERIALS AND METHODS
From 7 to 25 May 1980, blowflies were collected from modified Bishopp type cone fly
traps (Bishopp 1916) propped above ~2 cm) baits that were placed in full sun on cement
or bare soil in an open area (0.03 km ) within the city of Chicago on the grounds of the
University of Illinois campus, Cook County. The habitat is densely urban (eusynan
thropic) with no fields or woodlots nearby. Each trap consisted of a 2.41 white cardboard
bucket (15 cm ht) with an inverted fiberglass screen cone inserted into the widest opening
(19 cm dia).
Baits were recently sacrificed, abdominally incised, white rat carrion (250 gms) alone,
or immersed in water (100 m!) or an aqueous solution (1-2%) of 1 of 10 different
chemicals which are known attractants to muscoid flies (Mull a et al. 1977). The
attractants were egg albumin, indole, egg aged 4 days, indole--trimethylamine mixture,
ethol mercaptan, ammonium carbonate, butyaldehyde, indole--phenol mixture, 3 day
aged yeast solution, and citrated blood. Carrion attractiveness may be enhanced by the
addition of particular chemicals (Freney 1932).
Six traps, each baited with a different rat solution, were positioned 50-70 m equidistant
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at ca. 0900 hrs and retrieved at 1700 hrs daily for a 3 day period during 5 experimental
series run throughout May under generally favorable environmental conditions (low wind
& cloudless skies), with a monthly mean diurnal ambient temperature (0.5 m height) of
22
3SC (15.4°C avo diel monthly, National Oceanic Atmospheric Admin., O'Hare
Airport) and relative humidity of 57 ± 8%. Carrion alone and carrion in water were
presented during all five series but each chemical additive was utilized only during two.
Trapped flies were killed by freezing; sexed, enumerated, and identified following Hall
(1948). Voucher specimens were deposited at the Field Museum of Natural History,
Chicago, with the bulk in the author's collection.
RESULTS AND DISCUSSION
During May 1,165 total blowflies among 12 species were recovered in 90 trap days in
the Chicago area. Cynomyopsis cadaverina (R. -D.), Lucilia sericata (Mg.), and Phormia
regina (Mg.) each comprised 46,29, and 17%, respectively, of all blowflies. Calliphora
vicina R.-D., Calliphora livida Hall, and Lucilia illustris (Mg.) were rare (5, 1, & 1%,
respectively), whereas Bufolucilia silvarum (Mg.), Calliphora vomitoria (L.), Calliphora
terrae novae Macq., Lucilia coeruleiviridis (Macq.), Cyan us elongatus (Hough), and
Protophormia terrae novae (R.-D.) were very scarce (each < 1%). May collections in
New York City (Williams 1954) and Madison, Wisconsin (Dicke and Eastwood 1952)
have yielded very similar species' percentages, although B. silvarum, C. elongatus, and
C. livida were entirely absent at the former site. However, the abundance of C.
cadaverina (46%) and P. regina (17%) herein reported differs greatly from a spring
survey in nearby Indiana, where each species represented 9% and 59%, respectively, of
the blowflies at a large city dump (Siverly 1970). This list augments Johnson (1970), who
reported only 6 species in northeastern Illinois, and confirms the presence of an additional
6 species.
Cochliomyia lnacellaria (Fabr.) and Pollenia rudis (Fabr.) are two additional species in
the author's collection and reported by Melnick (1949) from northern Illinois which were
not obtained, likely because the former species is a summer/fall immigrant from warmer
southern states (Greenberg 1985) and the latter is not attracted to carrion (Hall 1948). It
is also conceivable that Calliphora coloradensis Hough and Eucalliphora lilaea (Walker)
may be infrequently taken in Illinois because of their presence in nearby Michigan
(Williams 1956) and Wisconsin (Dicke and Eastwood 1952), respectively. Bufolucilia
silvarum, C. terraenovae, C. vomitoria, and P. terraenovae were only trapped on baits
immersed in rotten egg or indol-phenol solutions. No other chemical additives were
detectibly more attractive than carrion alone.
Calliphora vicina, L. sericata, and C. cadaverina were present in small numbers from
the first day's collection on 7 May (l9°C max. temp.), P. regina and B. silvarum did not
appear until 20 May (23°C max. temp.), and the remaining species appeared on 25 May
(28°C max. temp.). Generally, fly diversity and abundance increased with the advance of
warmer weather. At this latitude (42°N) P. regina and C. vicina first appear yearly in early
to mid-March; C. cadaverina, L. sericata, and C. livida in late March; P. terraenovae and
C. terrae novae in late April; and the remainder in mid- to late May (Bruce and Knipling
1936, Dicke and Eastwood 1952).
The spring season collections herein reported agree in part with Johnson (1970, 1975),
at a site 30 km fTom the present study, confirming the early abundance of P. regina
followed by L. sericata, but differ markedly in the composition and phenology of all other
species. Johnson reported C. livida to be the dominant spring fly with a complete absence
of C. cadaverina. However, in this survey the former was rare and the latter common.
Yearly climatic variation and differences in the synanthropy of the collection sites (forest
vs. urban setting) may account for these discrepancies. Cynomyopsis cadaverina may
preferentially avoid forest habitats since it is reported to be an abundant fly in urban areas
of Wisconsin (Dicke and Eastwood 1952), New York City (Williams 1954), and Ohio
(Hall 1948). However, the Chicago collections generally agree with the phenology of
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these species in nearby states. Phormia regina. C. cadaverina. and L. sericata are
common spring species in the Central States (Bruce and Knipling 1936, Dicke and
Eastwood 1952, Williams 1954, Siverly 1970). Populations of C. livida and C. vicina
peak in April (Hall 1948) which accounts for their declining representation in this May
survey. The rarity of B. silvarum, L. illustris, L. coeruleiviridis, C. vomitoria, C.
terraenovae, C. elongatus, and P. terraenovae in metropolitan Chicago is not surprising
because the former 3 are typically woodland or meadow species and the latter 4 are
generally uncommon throughout their range (Hall 1948).
In summary, this survey confirms the presence of 12 blowfly species in urban areas of
northeastern Illinois and presents data on their relative spring abundanee. This informa
tion contributes to our knowledge of these inseets in the state and adds to an informational
base for use by forensic entomologists.
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USE OF BAITED PITFALL TRAPS FOR MONITORING PALES
WEEVIL, HYLOBIUS PALES (COLEOPTERA: CURCULIONIDAE)
Kenneth F. Raffa and David W. A. Hunt!
ABSTRACT
Pitfall traps baited with ethanol and turpentine serve as an effective tool for monitoring
pales weevil (Hylobius pales) populations. Males and females are equally attracted to this
bait. Neither component alone showed any attractiveness. The presence of a pine stem for
weevil feeding does not affect the number or sex ratio of captured weevils. The potential
of using attraction to baited traps as a sampling method for pales weevil is discussed.

The pales weevil, Hylobius pales (Herbst), is a major pest of young pine plantations
throughout eastern North America (Lynch 1984). The larvae feed in the roots of pine
stumps and adults damage seedlings by girdling the tender stems at the base. A related
species, the large pine weevil, Hylobius abietis (L.), has been collected in pitfall traps
baited with ethanol and turpentine in Scandinavia (Tilles et a1. 1986 a,b). We conducted
trapping studies during the summer of 1987 to determine if this method could be used to
monitor H. pales populations in infested stands.
MATERIALS AND METHODS
The traps were placed in a stand of Scotch pine, Pinus sylvestris. located in Marquette
Co., WI. The stand was about 15 years old, and was undergoing very high mortality due
to the pine root collar weevil, Hylobius radicis Buchanan.
The trap was a modified version of that described by Tilles et a1. (1986 a,b). Twenty
em long x 10 cm Ld. sections of PVC pipe were drilled with eight 6 mm diameter holes
spaced equidistantly around the perimeter of the pipe. The pipes were then inserted
vertically into the ground with the lower end at a depth of 16 cm and the holes at ground
level. The pipe was capped at both ends with plastic lids. As weevils enter the holes, they
fall to the bottom of the pipe and are trapped. Liquid Teflon® was applied to the inner
surface of the pipe to prevent escape. A wire that passes through two 2 mm holes drilled
at ground level serves as a brace for baits. The above ground portion of the trap was
painted black to provide a tree-trunk silhouette.
Turpentine and 95% ethanol were added separately to two 12 x 35 mm 0.5 dram glass
vials. The release rates were 200 mg and 40 mg per 24 hours, respectively, at 22°C. The
turpentine (Sunnyside Corp., Wheeling, IL) consisted mostly of monoterpenes, of which
the relative proportions were: alpha-pinene (52.45%), beta-pinene (41.35%), beta
phellandrene (2.0%), limonene (1.05%), camphene (0.85%), myrcene (0.65%), and
unknown (0.65%), as determined by gas liquid chromatography using the method of
Raffa and Steffeck (1988).
Eight baited and eight control traps were sampled and baits replenished weekly from 17
July until 8 September. Gender was determined by the method of Wilson et al. (1966).
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RESULTS AND DISCUSSION
Adult pales weevils were captured in each of the eight baited traps, with an average of
9.1 (SEM
2.4) per trap. Only one weevil was captured in the control pitfall trap. These
results show a strong attraction for ethanol-turpentine combinations (1 = 3.72, P <
0.007), which agrees with Fatzinger et al.'s (1987) observations using flight traps.
Although this experiment was only intended to evaluate the utility of the ethanol
turpentine combination, related experiments indicate that neither ethanol nor turpentine
alone is attractive. At a nearby site where we monitored H. radicis activity, 7 H. pales
were collected in ethanol-turpentine baited traps, while none were collected in traps
containing ethanol alone, turpentine alone, pine stems, stems plus ethanol, stems plus
turpentine, or unbaited controls (N = 40 traps per treatment, Hunt and Raffa, in press).
The sex ratio of pales weevils collected in ethanol-turpentine baited pitfall traps was
52.5% female and 47.5% male. This is not significantly different from a 50:50 sex ratio
(Chi Square
3.92), indicating there is no preferential degree of attraction based on
gender. This ratio also closely approximates weevil emergence data from infested stumps
at this site (Hunt and Raffa, in press). The presence of a pine stem on the bottom of the
trap so as to allow weevil feeding does not appear to affect either total trap catch or sex
ratio. We collected 18 and 34 weevils, respectively, during two consecutive wceks of
peak weevil movement when the eight ethanol-turpentine baited traps did or did not have
pine stems. Because the tests were not conducted simultaneously, this conclusion must be
treated with caution. However, we did not observe the dramatic increase in trap catch that
coincides with H. abietis feeding (Tilles et al. 1986a). The data from the week during
which pine stems were provided are not included in the ethanol-turpentine vs. control
comparisons reported above.
Of all trapped weevils, 74.9% were caught in July, 25.5% were caught in August, and
0.01 % were caught in September. The period of peak capture corresponds to the
minimum period of H. radicis activity (Wilson and Millers 1983, Raffa and Hall 1988).
Our results demonstrate that pitfall traps baited with ethanol and turpentine provide an
effective means of trapping adult H. pales. Future studies will be aimed at estimating the
relationship between trap catch and tree damage. If this relationship is strong, then trap
catches could be incorporated into Integrated Pest Management of the pales weevil.
Because of the difficulties associated with sampling root pests accurate timing of
insecticide application can be difficult. Therefore traditional approaches have relied on
highly persistent chemicals (Lynch 1984). An easy and reliable sampling method such as
the one described here may allow for the effective and more focused use of chemicals that
degrade more quickly, and the development of more accurate economic threshold levels.
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CHRYSOCHUS AURATUS (COLEOPTERA: CHRYSOMELIDAE)
ABSOLVED AS PECAN PEST
Charles E. Williams'
ABSTRACT
Chrysochus auratus, the dogbane beetle, has been erroneously implicated as a pecan
defoliator in the early literature. Alternative scenarios suggest other chrysomelid species
that may have been responsible for the defoliation.

Despite the importance of the host plant to the ecology and life history of phytophagous
insects, knowledge of host plants for many insects remains fragmentary. Compounding
this paucity of information are blatantly false host plant records which, despite their
erroneous nature. are often perpetuated through citation in published works. During a
recent review of the literature concerning the dogbane beetle, Chrysochus auratus
Fabricius (Coleoptera: Chrysomelidae), I discovered such a reference. C. auratus was
reported to have caused extensive defoliation of a pecan grove in northern Georgia during
the summer of 1904 (Newell and Smith 1905). No information was given describing the
behavior of the defoliating insect, condition of the pecan trees, or nature of the plant
community in the vicinity of the orchard. Moreover, I could find no follow-up to this
unique occurrence in subsequent literature. This report struck me as odd in two ways.
First, was it possible that an oligophagous insect such as C. auratus, known to feed
exclusively upon certain members of the Apocynaceae (dogbanes) and Asclepiadaceae
(milkweeds) (Weiss and West 1921). successfully attempted an extreme host plant shift
(pecan, Cal)'a illinoensis, is in the distantly related Juglandaceae) in such a rapid and
devastating manner? Localized feeding specializations are known among insects (Fox and
Morrow 1981). but in oligophagous species these usually involve subtle host plant shifts
either within or among closely related families (see Hsiao 1978). Second, given the
brilliant. metallic-green coloration of C. auratus, was a misidentification likely?
This matter could easily be settled by examining specimens of the pecan defoliator.
Unfortunately, I found no evidence that Newell and Smith deposited specimens of the
insect in a museum (or even if they experienced the defoliation first-hand), thus the true
identity of the pecan defoliator may never be known. However, aspects of the life history
of C. auratus convincingly argue against this species as the perpetrator of the pecan grove
defoliation. First, C. auratus is a univoltine, non-eruptive species and appears to have a
sporadic distribution even when its host plants are numerous (pers. obs.), similar to the
distribution of the milkweed leaf beetle, Labidomera clivicollis Kirby (Coleoptera:
Chrysomelidae), and its host plants (Eickwort 1977). Second, C. auratus rarely, if ever,
defoliates its host and restricts its feeding primarily to margins of leaves (Weiss and West
1921). Finally, both the low vagility of adults (pers. obs.) and root-feeding habits of C.
auratus larvae effectively limit the colonizing ability of this species. Therefore, C.
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auratus must have been present in the pecan grove or its vicinity for some time prior to,
and after, the defoliation. Published evidence for either case is lacking.
How might have this apparently erroneous account arisen? The most plausible
explanations are: (1) a transcriptional error by the authors or an assistant; or (2)
misidentification of another metallic-green beetle. In the first case, a substitution of C.
auratus for Diachus auratus Fabricius (Coleoptera: Chrysomelidae) may have been made.
D. auratus feeds primarily upon willow but has been recorded from several other woody
plants (Wilcox 1979). It is also metallic-green in color. In the second case, misidentifi
cation of the metallic-colored eumolpine, Metachroma interruptum Say, a documented
pecan-feeder (Wilcox 1979), is a possibility.
Felt ( 190 I) dismissed accounts of C. auratus attacking plants other than its usual hosts
as erroneous or extreme cases in which the insect attacked a novel host when driven by
starvation. While I agree it is unlikely that C. auratus will attack plants other than the
Apocynaceae and Asclepiadaceae, it is doubtful that even starvation would fuel a host
plant shift to as distant a family as the Juglandaceae. Moreover, if a local extinction of its
host plant were to occur, it is improbable that C. auratus would be present in the numbers
necessary to colonize and defoliate a pecan grove.
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COURTSHIP BEHAVIOR IN HABRONATTUS CAPTIOSUS
(ARANEAE: SALTICIDAE)
Bruce Cutler'
ABSTRACT
Courtship display of Habronattus captiosus involves several behavioral elements
common to other members of the Habronattus coecatus species group. The one unique
element is vibration of the patellae when raised over the opisthosoma. Male-male
interactions included an agonistic display and grappling. Fourteen male-female interac
tions were observed, which exhibited various combinations of display elements. There
was one successful mating and one case of cannibalism by a male.

Habronattus captiosus (Gertsch) is a common species of the genus in the northern
midwest and plains regions of North America. It belongs to the largest species group of
Habronattus, the coecatus group, with 23 species (Griswold 1987). Typical habitat
includes open areas with sandy or gravelly soil and an abundance of fallen tree leaves.
Little used roads, roadsides, and disturbed spots in urban areas bordered by trees such as
Populus and Quercus species are the most productive collecting places in east-central
Minnesota. Males and females can be seen hopping on dry leaves on warm sunny days
during May. As the season progresses, males die and the females become less active,
tending egg sacs hidden in and under debris at the soil surface. In September the
penultimate and antepenultimate instars may be found active on the litter surface. The
earlier instars are probably also active after emergence from the egg sac, but are
overlooked because of their small size. The species is almost never taken while sweeping
vegetation.
Mature males and females are strongly dimorphic. In both the body is about 6 mm long,
but the male has longer legs. Griswold (1987) presented a detailed description of the male
structure and coloration, although the latter was not fully accurate due to bleaching of
preserved specimens. In living males, scales which are referred to by Griswold as being
pale or white, are pale tan to a rich yellow. The clypeus is brown, and the gray-white
scales covering the clypeus are opalescent, with a blue-pink iridescence. Females are
clothed uniformly with tan scales, except for a heavy band of white c1ypeal scales.
The opportunity to describe courtship in H. captiosus, also provides the opportunity to
corroborate Griswold's (1987) placement of the species in the H. coecatus group by using
ethological rather than morphological characters.

METHODS
Two males and 2 females were taken hopping among dry cottonwood (Populus
deltoides) leaves along a sandy truck trail in southern Minneapolis, Hennepin County,
Minnesota on 11 May 1987. They were brought to the laboratory and maintained
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individually in 100 x 15 mm plastic petri dishes with a piece of damp sponge. All were
fed midges (Chironomidae), until the first day of testing, 17 May. Tests were conducted
over the next 5 days. Spiders were presented to other spiders, and the interactions
observed. These trials were initially observed in a 3 gallon plastic aquarium covered with
plastic wrap, illuminated by both natural light and a high intensity lamp. Later trials were
observed in petri dishes. Trials were conducted by introducing an individual at the
opposite side of the arena from the individual already occupying the arena. The first
specimen occupying the arena was left undisturbed for 10-20 min prior to introducing the
second individual. Males were not introduced to females in nests.
OBSERVATIONS

Female-female interactions: Females noticed each other as indicated by brief
tracking movements of the prosoma, but took no further action. They never approached
each other or made displays at a distance.
Male-male interactions: Males actively tracked each other, and on approaching,
grappled with each other, which broke off after 15-30 sec. In the four observed
interactions the smaller male decamped. The second of these grappling bouts was
preceded by an agonistic display; the first legs were widely spread and parallel to the
widely spread legs of the other male, and the chelicerae were engaged. The males pushed
each other for about two minutes. After the fourth grappling incident the smaller male
avoided all contact with the larger male, even though the larger male continued to
approach the smaller male upon noticing it.
Male-female interactions: Males were aggressive in tracking females and courting
them. In four out of 14 interactions observed, the males jumped on top of the females with
almost no courtship activity, but the females dislodged the males after a short (1-3 sec)
engagement. The following are the principal components of male display in H. captiosus.
Within five cm of the females, males approach with wide, side-to-side zig-zags 50% of
the time. Within two cm males approach with the wide zig-zags 70% of the time, the front
legs are elevated alternately with low amplitude waving, and the palpi are extended
forward and upward, and constantly waved in unison. Within one cm the front legs from
the patellae distally are snapped up vertical and parallel to each other, with the ventral
surfaces facing anteriorly. The third legs are bent upwards so that the patellae are brought
together above the opisthosoma and rapidly vibrated alternately, the distal portions of the
third legs (from the tibia on) being braced against the femora, and the tarsal tips fIrmly
braced against the substrate. The palpi stop waving in unison at this point, but about 50%
of the time vibrate alternately in concert with the third leg patellae.
A complete display would consist of in order: Approach with zig-zags, alternate front
leg elevation with low amplitude waving, palpal extension and waving, front legs snapped
vertically, third leg patellae over opisthosoma and vibrated, with concurrent vibration of
palpi. A complete display by a male would last 1-2 min, and was only observed three
times. In all other cases one or more display elements were missing.
The only successful mating followed a short (10 sec) display involving a zig-zag
approach and front leg snap up by the smaller male to the larger female. The female
crouched with the body lowered to the substrate, and the legs pulled in toward the body.
The male approached the female and tapped her prosoma for about one sec. The male then
tilted the female's opisthosoma with his right first and second legs so that the ventral side
of the female's opisthosoma faced to her left. The right male palpus was applied to the
female's epigynum, and the palpal bulb contracted at irregular intervals. During these
contractions the leg spines of the third legs became erect. The fourth tarsus of the male
vibrated briefly at about 30 sec intervals. The female opisthosoma twitched every 1-5 sec.
At times the female moved about, hopping while the male was still attached and even
landing upside down on top of the attached male. Mating lasted 140 min, and the male
stayed on top of the female an additional 10 min before being dislodged or decamping, it
was not clear which. Only the right palpus was used for insemination. Subsequently, this
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female made an egg sac with 16 viable eggs 13 days after mating, a second sac with 7
inviable eggs was made 40 days after mating, and a third sac with 5 viable eggs was made
75 days after mating.
After a similar display with the same elements, the larger male pounced on, killed, and
ate the smaller female.
DISCUSSION
Richman (1982) described courtship in several species of Habronattus [as Pellenes]
including 3 species of the H, coecatus group, H. brunneus (Peckham and Peckham), H.
coecatus (Hentz) and H. pyrrithrix (Chamberlin) [as P. cf. coecatus].
The courtship of H. captiosus has elements in common with other Habronattus, and are
particularly similar to those of the H. coecatus group that have been observed. These
elements include the zig-zag approach to the female, the early palpal motion and front leg
elevation, the raising of the third leg patellae over the opisthosoma, the upward snap of
the first legs later in the display, and the later forward carriage of the palpi (Richman
1982). These similarities in display elements confirm Griswold's (1987) classification of
H. captiosus in the H. coecatus group, The one unique male-female display element for
H. captiosus is the alternate vibration of the third leg patellae; other species group
members just elevate and lower the third leg segments without a vibration component.
Male agonistic display is unusual in Habronattus. The only reported example was
found by Richman (1982) in H. carolinensis (Peckham and Peckham). In this species leg
carriage during male-male displays are similar to leg carriage in male-female displays,
except that the males pushed each other (Richman 1982). In H. captiosus the male-male
agonistic display was completely different from any male-female element. It consisted
of the males spreading their front legs and pushing each other, with cheliceral engagement
as welL This type of male-male agonistic display is seen in other salticid spiders, eg.
Corythalia, Hentzia, Menemerus (Richman 1982), and Simaetha (Jackson 1985).
The crouching posture of the female H. captiosus probably indicates receptivity to
copulation, since the only successful mating followed a female's assumption of a crouch.
Since males avidly pursued females without this position, and even leapt onto females that
did not assume the crouch, it is unclear what the signalling value of this position is.
Perhaps under natural conditions where females could actively escape from males, the
crouch enables males to more easily contact a receptive female.
LITERATURE CITED
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MALATHION RESISTANCE IN LARVAE OF SOME SOUTHERN
MINNESOTA POPULATIONS OF THE INDIANMEAL MOTH,
PLODIA INTERPUNCTELLA (LEPIDOPTERA: PYRALIDAE),
INFESTING BULK-STORED SHELLED CORNl
W. A. Sumner II, P. K. Harein, and Bh. Subramanyam2
ABSTRACT
Larvae of 21 field collected populations of the Indianmeal moth, Plodia interpunctella,
infesting stored shelled corn in southern Minnesota were tested for their susceptibility to
malathion in the laboratory. A population that was a composite of the 21 populations and
a malathion susceptible population were also tested for their susceptibility to malathion,
pirimiphos-methyl and chlorpyrifos-methyl. Comparison of the LDso values of the field
populations with the malathion susceptible population indicated that the field populations
were ca. 33- to 625-fold resistant to malathion. The composite field population was ca.
243-fold resistant to malathion, and this population was 3.2-fold cross-resistant to
pirimiphos-methyl, but was highly susceptible to chlorpyrifos-methyl.

The Indianmeal moth, Plodia interpunctella (Hubner), is a destructive pest of
stored-grain whose larvae cause damage by feeding on the germ and endosperm of grain
(Demianyk & Sinha 1981, Madrid & Sinha 1982). Wandering last instar larvae of P.
interpunctella produce abundant webbing on the grain surface, and in severe infestations
the entire grain surface is covered with a layer of webbing. In Minnesota, P.
interpunctella is the third most commonly occurring insect infesting stored shelled corn
(Barak & Harein 1981). The severity of this pest in the United States is compounded by
the development of resistance in larvae to malathion, an organophosphate insecticide
registered for use on grain since the late 1950's (Zettler et al. 1973, Bansode et al. 1981,
Beeman & Schmidt 1982, Beeman et al. 1982, Zettler 1982).
Zettler et al. (1973) reported about 206-fold malathion resistance in P. interpunctella
larvae infesting peanut- and grain-storages in Georgia, Alabama, Florida, Kansas, and
Illinois. Armstrong & Soderstrom (1975) reported malathion resistance in 3 of 5 field
populations of P. interpunctella infesting dried fruits and nuts in California, and in the
laboratory they showed the stability of this resistance in the absence of malathion
selection. Bansode et al. (1981) reported > 227-fold resistance to malathion in a
composite field population of P. interpunctella. Beeman et al. (1982) found> 17-fold
malathion resistance in 39 of the 43 populations of P. interpunctella collected from grain
storages in the northcentral United States. Ten of 12 populations of P. interpunctella
infesting peanuts in the Southeastern United States were> 114-fold resistant to malathion
(Zettler 1982).
Some P. interpunctella populations collected from grain storages in Minnesota were
tested for their resistance to malathion (Beeman & Schmidt 1982, Beeman et al. 1982).

'Mention of a proprietary product does not constitute an endorsement by the University of
Minnesota.
2Department of Entomology, University of Minnesota, St. Paul, Minnesota 55108.
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Beeman & Schmidt (1982) tested susceptibility of 13 field populations of P. interpunc
tella from Minnesota to malathion at a discriminating dose of 20 f.Lg per larva (LDso x
4). Mortality of II of the 13 populations varied from 0-69% indicating resistance. Two
populations were susceptible showing 91-100% mortality.
In this paper, we report on the resistance to malathion in several populations of P.
interpunctella larvae infesting shelled corn in southern Minnesota. In addition, we
evaluated cross-resistance of a composite field population to two new organophosphate
grain protectants-pirimiphos-methyl and chlorpyrifos-methyl.

MATERIALS AND METHODS

Grain sampling and insect collection: Corn storages located in Cottonwood, Dakota,
Redwood, Scott, Steele, Stevens, Swift, and Waseca counties were visited during the
sunmler of 1981 to remove grain samples for collecting P. interpunctella. Corn samples
were removed with a 1.7 m, 12 compartment trier, and a deep cup probe. In each storage,
6 locations were probed with a trier vertically (4 in each of the N, S, W, E cardinal
directions & I near storage center) and horizontally (I sample from an undisturbed area
of storage). The middle of the grain mass in the center of storage was sampled with a deep
cup probe using I m extensions. Grain samples collected from different locations within
a storage were pooled to form a composite sample. Composite samples were then placed
in 0.95-liter plastic jars fitted with air-tight lids. Samples brought back to the laboratory
were sifted through a 0.48-cm diam. sieve to separate larval, pupal, or adult stages of P.
interpunctella. At the time of grain sampling, any live wandering last instar larvae andlor
adults of P. interpunctella on the grain surface and storage walls were collected;
populations collected from each storage were placed in separate 0.946-liter jars containing
P. interpunctella rearing diet (see below).
Insect rearing: A turkey-mash diet (Subramanyam & Cutkomp 1987) was used to rear
P. interpunctella. Plodia interpunctella populations from each storage were reared
separately by seeding the diet with live larvae or adults. A few larvae from each storage
were pooled and reared on the diet. This popUlation was the composite of all field
populations. We were successful in maintaining 21 field popUlations and a composite field
population. In addition, a known malathion susceptible population of P. interpunctella
obtained from the Stored-Product Insects Research and Development Laboratory,
Savannah, Georgia, was reared similarly. Plodia interpunctella cultures were held in a
controlled temperature and humidity (CTH) chamber set at 25°C and 75o/c RH. Insects
were reared for a minimum of 3 generations before testing. Wandering last instar (5 th
instar) larvae of P. interpunctella weighing about 14 ± 2 mg were used in bioassays.
Bioassays: Larvae of P. interpunctella were treated topically with malathion (93%
purity) using a microtopical applicator. Individual larvae were treated on the dorsum with
I f.LI amounts of malathion solutions in acetone or acetone alone (control). A minimum of
5 dosages was used for each population. Three groups (replicates) of 15 larvae each were
treated at each dosage, and each group after treatment was placed in a 9 cm diam glass
petri dish fitted with a wet filter paper (9 cm diam). Petri dishes with larvae were then held
in the CTH chamber for 96 h posttreatment, after which each petri dish was observed for
dead larvae. Larvae that failed to mOVe when prodded gently with a fine camel brush were
recorded as dead. Mortality was calculated from the proportion of larvae dead out of the
total exposed (P), and was expressed as a percentage (100 x p). Average mortality of
replicates was corrected for mortality in the control « 10%) (Abbott 1925). Probit
analysis (Finney 1971) was performed on the corrected dosage-mortality data to estimate
the dosage required to kill 50% of larvae (LDsos). The magnitude of malathion resistance
(relative resistance) in the field populations was calculated as a ratio of LDso of a field
population to the LDso of the malathion susceptible population; resistance was indicated
if the ratio exceeded I.
The susceptibility of the composite field and malathion susceptible populations of P.
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Figure I. Toxicity of topically applied malathion to 21 field populations of Pladia interpunctella
infesting stored shelled corn in southern Minnesota. Values in italics indicate the magnitude of
malathion resistance in field populations compared to a malathion susceptible populaticl, and was
calculated as LD50 of field populationlLD5o of malathion susceptible population 0.6 f.lg1ul per
larva).

interpunctella to pirimiphos-methyl (92% purity) and chlorpyTifos-methyl (98%) was
evaluated following procedures similar to that described for malathion.
RESULTS

Figure I shows the LD50s of malathion to the 21 field popUlations of P. interpunctella.
The LDso [95'k confidence limits (CL)] of malathion to the malathion-susceptible
population was 1.6 (1.2-2.1) /kg of active ingredient (AI) per larva. The 21 field
popUlations of P. interpunctella varied in their susceptibility to malathion, with the LDso
values ranging from a low of 52 /kg of AI per larva to a high of 1000 /kg of AI per larva.
The LD50 (95'k CL) of malathion to the composite field population was 389 (187-818)
/kg of AI per larva. Field populations of P. interpunctella were about 33- to 625-fold more
resistant compared to the malathion susceptible population; the composite population was
about 243-fold malathion resistant.
The LD50s of pirimiphos-methyl and chlorpyrifos-methyl to the composite field
population was 1.6 and 0.3 /kg of AI per larva, respectively (Table 1). In comparison the
LD50s of these two insecticides to the malathion susceptible population was 0.5 and 0.3
/kg of AI per larva, respectively. The composite field population in comparison to the
malathion susceptible population was 3.2-fold resistant to pirimiphos-methyl, but was
highly susceptible to chIorpyrifos-methyl.
DISCUSSION

Larvae of all 21 field populations of P. interpunctella infesting stored shelled corn in
southern Minnesota were found to be resistant to topically applied malathion. Fifteen field
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Table I: Toxicity of pirimiphos-methyl and chlorpyrif05-methyl to the composite field and malathion
susceptible populations of P. interpunctella.
fLg/fLVlarva
Insecticide/Population

LDso (95% eL)

Relative resistance"

0.3 (0.1-0.4)
0.3 (0.2-0.4)

1.0

1.6 (1.2-2.1)
0.5 (0.3-0.6)

3.2

Cblorpyrifos.methyl
Field composite
Malathion susceptible
Pirimipbos'methyl
Field composite
Malathion susceptible
"Relative resistance

LDso of composite population -;- 0.3 or 0.5.

popUlations were 33- to 365-fold resistant to malathion compared to a malathion
susceptible population, while six populations were ca. 625-fold resistant to malathion.
Malathion resistance has been well documented in P. interpunctella infesting grain in the
northcentral United States (Bansode et al. 1981; Beeman et al. 1982; Beeman & Schmidt
1982), California (Armstrong & Soderstrom 1975), and southern United States (Zettler et
al. 1973; Zettler 1982). These studies showed the malathion resistance to range from a
low of 17-fold (Beeman & Schmidt 1982) to a high of> 200-fold (Zettler et al. 1973,
Bansode et al. 1981).
OUf composite field population of P. interpunclella was 3.2-fold resistant to
pirimiphos-methyl in comparison to the malathion susceptible population. However, the
composite and malathion susceptible populations were equally susceptible to chlorpyrifos
methyl (Table 1). Malathion resistant larvae of P. interpunctella infesting grain in
southern United States (Zettler 1974) and in North Carolina (Bansode et al. 1981) were
not cross resistant to pirimiphos-methyl. However, Auia et al. (1980) reported a 5-fold
resistance to pirimiphos-methyl in larvae of two malathion resistant populations of P.
interpunctella infesting grain in Australia. Resistance to malathion in P. interpunctella
larvae in the United States was due to elevated levels of a malathion-degrading enzyme,
carboxylesterase (Bansode et al. 1981, Beeman & Schmidt 1982). However, in two
malathion resistant populations of P. interpunctella in Australia, studies with insecticide
synergists indicated that enzymes other than carboxylesterase were involved in conferring
resistance to malathion (Attia et al. 1980). In addition, these two malathion resistant
populations were also cross resistant to pirimiphos-methyl (Attia et al. 1980). These
results suggest that P. interpunctella larvae with malathion detoxifying enzymes other
than carboxylesterase (e.g. oxidases and non-specific esterases) could develop resistance
to pirimiphos-methyl.
Malathion resistance in larvae of P. interpunctella was widespread and severe in
southern Minnesota. A low level of susceptibility to pirimiphos-methyl in the field
composite population suggested that repeated use of pirimiphos-methyl on grain may
result in development of resistance in P. interpunctella. Resistance to chlorpyrifos-methyl
was not detected in the field composite population. However, pirimiphos-methyl and
chlorpyrifos-methyl should be used on grain with caution to reduce the likelihood of
development of cross resistance in malathion resistant populations of P. interpunctella
infesting grain in Minnesota.
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OBSERVATIONS ON THE PUDDLING BEHAVIOR OF THE
CANADIAN TIGER SWALLOWTAIL BUTTERFLY, PAP/LIO
OLAUCUS CANADENSIS IN NORTHERN MICHIGAN
J. Mark Scriber and Matthew P. Ayres!
The occurrence of "puddling" behavior in Lepidoptera has been reviewed by M. J.
Norris (1936) by J. A. Downes (1973) and by P. H. Adler (1982). Butterflies have been
previously reported on mammalian dung, urine, perspiration, saliva, salt, blood, campfire
ashes, aphid honeydew, tree sap and animal carrion. The rarity of female puddling in
butterflies, particularly the tiger swallowtail (Papilio glaucus) has been recently ad
dressed by two studies (Berger and Lederhouse 1985, Scriber 1987).

Figure 1.
Puddling site at rocky side of the Presque Isle River. One male Papilio glaucus
canadensis is seen "puddling" among the rocks on a pile of guano under the park bridge where
chimney swifts roost.

IDepartment of Entomology, Michigan State University, East Lansing, MI, 48824.
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We wish to add two previously unreported aspects to the puddling literature concerning
P. glaucus L. First, on 4 1une 1987, we observed and caught a single female P. g.
canadensis probing moist sand/dirt of East Burt Lake Road in the University of Michigan
Biological Research Station at Pellston (Emmet Co., MI). Female P. g. canadensis in
particular have never been reported puddling (although the Florida subspecies, P. g.
australis, and a New York P. glaucus population have been [Berger and Lederhouse
1985, Scriber 1987]). Secondly, on 61une 1987, we observed and captured 5 male P. g.
canadensis' 'puddling" on feces of chimney swifts (Chaetura pelagica) among the rocks
under a highway bridge over the Presque Isle River in the western end of the Porcupine
State Park (Gogebic Co., Michigan; Fig. I). To our knowledge male butterflies in general
have not been reported on bird guano and this may represent a unique if not rare event.
These butterflies and the female from Emmet County have been deposited as vouchers in
our research collection at Michigan State University.
The ecological significance of puddling behavior of Lepidoptera has remained an
enigma for centuries (Bates 1863, Arms et al. 1974). Recent studies in our laboratory
have shown that amino acids and electrolytes, when added to the sugar diet of adults.
significantly increased the virility & reproductive success of P. glaucus males (R. C.
Lederhouse, M. P. Ayres, & 1. M. Scriber, pefS. obs.).
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