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PHEROMONE LURES TO MONITOR
SPARSE POPULATIONS OF SPRUCE BUDWORM,
CHORISTONEURA FUMIFERANA
(LEPIDOPTERA: TORTRICIDAE)
David G. Grimble'

ABSTRACT
Four types of spruce budworm pheromone lures were field-tested in sparse spruce
budwOffil populations in Maine. BioLures® with constant pheromone emission rates less
than 1.0, ca. 1.0-1.5, and ca. 15.0 micrograms of pheromone per day were compared to
polyvinyl chloride (PVC) lures with rapidly decreasing pheromone emission rates. Mean
trap catch was roughly proportional to lure emission rates. All lures continued to catch
moths over the entire flight period but moth catches with the three lowest emission-rate
lures were judged to be too low. BioLures with the highest emission rate (15.0
micrograms of pheromone per day) showed the lowest variability in trap catch and the
fewest zero trap catches.

Traps baited with pheromone lures to catch male moths are probably the most cfficient
tools currently available to monitor sparse populations of spruce budworms, Choristo
neurafumiferana (Clem.). Large capacity traps are placed in the field immediately prior
to the onset of moth flight and retrieved 3 to 4 weeks later after all moth flight has ceased
(Allen et al. 1986). Mean trap catch can then be used to evaluate relative population
density and, with serial data, make useful predictions of population trends over time. To
use this new technology, however, pest control personnel need reliable sources of
effective traps and pheromone baits.
Various trap designs have been tested and a commercially available trap has been
accepted as adequate for monitoring purposes by most users (Sanders 1978, Allen et al.
1984). Previous field testing has generally employed baits produced on contract for
specific purposes but commercial pheromone baits are now available. In preliminary
testing of commercial baits, trap catch was often too high, largely be<:ause of high
pheromone emission rates (Grimble 1987, Sanders and Meighen 1987) and high bud worm
population levels.
For monitoring purposes, a large trap catch is less important than is uniformity in catch.
Large trap catches increase the time needed to count moths and may even result in a
repellent effe<:t from dead moths already in the trap (Sanders 1986). This paper reports the
results of a field test to compare trap catch from four pheromone baits with low emission
rates in sparse budworm populations.

'Northeastern Forest Experiment Station, USDA Building, University of Maine, Orono, ME
04469
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METHODS
Pheromone traps used in this field study were Multipher - 12 plastic canisters
(Extermination Savigny, Service Antiparsitaire, Canada), tested and recommended for
monitoring spruce budworm populations (Allen et al. 1986). An insecticide strip
(Vaportape II®) impregnated with a 9.95 percent concentration of 2, 2- dichlorovinyl
dimethyl phosphate (Health-Chern. Corporation, Hercon Division) was placed in each
trap as a fumigant to kill trapped moths and prevent their escape.
Pheromone baits used in this study were from two sources. BioLures (Consep
Membranes Inc.) with 3 different emission rates, labeled A, B, and C, were pheromone
impregnated fiber chips sandwiched between a permeable membrane and an impermeable
backing. The complete baits were flat and circular, approximately 3.2 cm in diameter,
and were mounted directly on the inner surface of the trap lids by means of adhesive strips
on the back of the lures. For these baits, the pheromone release rate through the membrane
was reported to be essentially constant for the expected life of the lures (pers. comm. M.
Banfield, Consep Membranes Inc.).
BioLure A baits were loaded with 0.42 milligrams of pheromone and had a calculated
release rate of less than 1.0 micrograms per day; BioLure B baits contained 1.10
milligrams pheromone and released 1.0-1.5 microgram per day; BioLure C baits bad a
2.54 milligram loading and released about 15.0 micrograms of pheromone per day. All of
these lures were expected to remain functional for much longer than the 2 to 3 weck moth
flight period.
In addition, "PVC" lures were small (4 mm diam. x 10 mm long) pellets of polyvinyl
chloride impregnated with budworm pheromone (0.03 percent by weight) and were
manufactured under specific contract (New Brunswick Research and Productivity
Council). The pheromone release rate from these lures was expected to approximate an
exponential decay curve, beginning with a large burst of pheromone emission (approxi
mately 2.4 micrograms/day) that declined with age to about 0.5 micrograms per day.
Thus, soon after the initial burst of pheromone these lures were expected to have lower
emission rates than BioLure A baits. Nearly all the pheromone should be expended in
approximately 28 to 35 days. This type of lure had been used in most of the recent
bud worm pheromone trap field testing and was considered a standard in this test, to which
others could be compared (Grimble 1987, Sanders and Meighen 1987). PVC lures were
held in place on the inner surface of the trap lid by means of a small pin stuck through the
lure.
All pheromone lure formulations were a 95:5 blend of E:Z-ll-tetradecenal. Release
rates were determined by suppliers after lures were aged for 10 days at 21°C (PVC) and
25°C (BioLures). Lures were stored frozen until field deployment and were protected
from excessive heat and direct sunlight at all times.

PLOTS
Three groups of four plots each were established along Stud Mill Road east of Costigan,
Maine: near Great Pond (T33 MD), 8 km further east near Deer Lake (T34 MD), and
about 5 km south of that near Bracey Pond (T34 MD and T35 MD). Within a grouping,
individual plots were spaced 0.5 km apart.
All plots were selected in similar mixed stands of red spruce (Picea rubens) and balsam
fir (Abies balsamea). Individual trees were 8 to 10 m tall and had been mechanically

2The use of trade, finn, or corporation names is for the information and convenience of the
reader, and does not constitute an official endorsement or approval by the U.S. Department of
Agriculture Of the Forest Service of any product Of service to the exclusion of others that may be
suitable.
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Table I. Mean spruce budworrn catch in traps baited with four different spruce bud worm pheromone
lures. 1987 flight season.
Great Pond

Deer Lake

Bracey Pond

Lure"

X"

S.D.

X"

S.D.

X"

S.D.

PVC
BioLureA
BioLureB
BioLureC

l.Oa

1.2
2.5
2.1
9.8

2.1a
2.7ab
4.3ab
6.7b

2.1
2.4
5.4
5.2

2.8a
7.3ab
5.3ab
12.6b

2.8
8.6
3.8
7.7

3.4ab
2.8ab
12.lb

"pheromone emission rates were determined by the lure manufacturer: PVC, 2.4-0.5 micrograms per
day; BioLure A, less than 1.0 microgram per day; BioLure B, 1.0-1.5 microgram per day; BioLure
C, 15.0 micrograms per day. Emission rates were measured after lures were aged for iO days at 21°C
(PVC) and 2ye (BioLures).
b means represent 16 traps each. Means within a column followed by the same letter are not
significantly different (p = 0.05) by Duncan's Multiple Range Test. Separation of means test was
done on logarithms of trap catches.

thinned by Champion International Company field crews. Sixteen pheromone trap trees
were marked at 40 to 50 m intervals along a transect across each plot area. Selected trap
trees were either spruce or fir, with large, healthy crowns and sufficient clearing around
them to allow air movement on all sides. Although all of these plot areas had high
population levels during the recent budworm outbreak (1976 to 1984), bud worm
populations were currently very sparse and budworm feeding was negligible on trap trees.
During the week of 15 June 1987 a pheromone trap was placed in each trap tree. At that
time. budworm present were in the sixth instar or early stages of pupation. Traps were
hung about 2 m from the ground level on the shady side of the tree, after all branches
within aim distance which might impede moth flight or air movement were removed.
Successive traps on a transect were systematically baited with different lures (i.e. PVC,
BioLure A, BioLure B, BioLure C) and the order of lure use was repeated four times, so
that of the 16 traps in each plot, four were baited with each lure. Traps were inspected,
and trapped moths counted and removed. three times; on 6-7 July, about 7-10 days after
moth flight began, one week later on 13-14 July, and finally on 29-30 July after all moth
flight had ceased. At each inspection except the last, traps were rotated one space forward
on the transect, to minimize the effect of trap location on total catch.
RESULTS AND DISCUSSION
By visual examinations, spruce budworm population levels on our study plots were
judged to be uniformly low and, by pupation time, live budworms were difficult to find.
It would be generally impractical to attempt sampling of such sparse populations by
conventional means, e.g. egg mass or larval/branch sampling. Mean trap catch in all plots
was quite low regardless of lure type, and highly variable, but still measurable with
pheromone traps (Table 1). However, the high variability in trap catch indicates that
pheromone traps in sparse populations can only be useful for gross population monitoring
purposes, not as precise measurements of sparse population levels.
There was no significant difference between catches in traps baited with the three
lowest emission rate lures (PVC, BioLure A, BioLure B) (Table 1), although PVC lures
consistently caught the fewest moths (Fig. 1). The strongest lure (BioLure C) consistently
caught more moths than the other types. For BioLure C, mean trap catch over the entire
flight period (6.56 to 12.63) was still sufficiently low that field counts of trapped moths
were not overly time consuming and the repellent effects of trapped dead moths should
have been negligible. Repellancy of dead moths noted by Sanders (1986) resulted from
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Fig. 1. Average catch of male spruce budwonn moths in pheromone traps at three locations in Maine,
1987. Trap lures were BioLures A, 8, and C, and PVC.

cumulative trap catches of 190 to 380 moths per trap. Fumigant strips in our traps killed
moths quickly and kept the trapped moth collections clean and easy to count. Thus, I
believe the use of insecticide strips in traps is justified in spite of the slight risk of
repellancy from this agent.
Figure I illustrates periodic mean trap catch by lure type for the three plot groups. Most
moths were caught by the second inspection (13 July) but the lures still continued to catch
some moths for the next week as well (Fig. I). Also, a relationship apparently exists
between lure strength and trap catch, with the lowest emission rate lure (PVC) catching
fewest and the strongest lure (BioLure C) always catching the most moths. Catches for
BioLures A and B were very similar even though the emission rate for B was expected to
be somewhat higher than that of A. Overlap in average moth catch was found only in the
last week, when catches for all lures were minimal.
Even though all lures seemed to perform adequately in this field test, I believe that for
monitoring endemic populations of budworrn, the use of a lure with a constant emission
rate and a potency similar to BioLure C (15.0 micrograms/day) is the best choice. An
average trap catch of 12 to 15 moths is easy to count in the field, yet high enough to lessen
the chances of numerous zero counts in trap catches. With many zero trap catches, the
reliability of the lure comes into question, even in sparse populations. With a rapidly
declining emission rate lure (PVC), total catch can be easily influenced by poor timing of
field deployment or bad weather early in the flight period.
The usefulness of trap catch data from sparse populations will increase with the number
of years over which cumulative data is acquired. We need experience with these traps and
lures at endemic popUlation levels in order to be able to identify important changes in
population trends.
ACKNOWLEDGMENTS
Field plots for this work were established on forest land owned by Champion
International Co. BioLures were donated by Consep Membranes, Inc., while PVC lures
were acquired through the Canadian Forestry Service.
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ECTOPARASITIC ARTHROPODS COLLECTED FROM SOME
NORTHERN OHIO MAMMALS
C. Lee Rockett and Scott A. Johnston!

ABSTRACT
Ectoparasitic arthropods were collected from some fur-bearing mammals in northern
Ohio. Specimens representing seven mammalian species were examined and found to
collectively harbor acarines, fleas, and biting lice. Species determinations were made and
new host and state records noted.

An extensive variety of ectoparasltlc arthropods occurs on mammals. However,
comprehensive studies on mammalian ectoparasites in the North Central states are
surprisingly limited and often confined to small, rodent-like mammals. Lawrence et al.
(1965) collected and identified arthropod ectoparasites from some northern Michigan
mammals. While many smaller mammals such as microtine rodents and shrews were
collected, the study also involved larger mammals such as mink, muskrat, beaver, and
raccoons. Whitaker (1982) published a comprehensive study on mammalian ectoparasites
in Indiana; both large and small mammals were included.
The purpose of this study was to investigate ectoparasitic arthropods occurring on some
"larger" fur-bearing mammals in northern Ohio. The specific site chosen was Erie county
which borders Lake Erie. The majority of mammals were actually collected on the Huron
River which traverses through the county. All collections were taken in 1985 -87.
The authors wish to acknowledge the assistance of the following individuals in
providing assistance in species identification of the following groups: R.E. Lewis,
Siphonaptera and R.D. Price, Trichodectidae.
MATERIALS AND METHODS
Mammals were trapped with steel traps and colleeted the day following trap placement.
If not already dead, the trapped mammals were subsequently killed. The collected
mammals were then placed into separate, plastic bags and taken to the laboratory for
ectoparasitic examination. Arthropod removal was accomplished by simply combing the
fur with a fine-toothed comb and visually examining the skin surface. This procedure
could have resulted in some species not being collected. The plastic bags which held the
trapped mammals were also checked. The arthropods to be identified were subsequently
cleared and mounted on slides. Voucher specimens were deposited in the entomology
collection at Bowling Green State University. This study was intended to be primarily a
qualitative endeavor; consequently, no special attempts were made to meticulously
quantify or statistically evaluate the collected arthropods. Since the trapped mammals

IDepartment of Biological Sciences, Bowling Green State University, Bowling Green, Ohio
43403-0212
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TABLE I Mammalian Ectoparasites and Hosts

Host

Ectoparasite
ACARINA
Androlaelaps fahrenholzi (BerJese)
Zibethacarus ondatrae
(Rupes &Whitaker) +
Laelaps multispinosus (Banks)
Listrophorus american us Radford
L. dozier! Radford
L. faini Dubinina
Ixodes cooke! Packard

SIPHONAPTERA
Orchopeas howardii (Baker)
Cediopsylla simplex (Baker)

Ctenocephalides feUs (Bouche)
Chaetopsylla {otoris (Steward)
MALLOPHAGA
Trichodectes octomaculatus Paine

No. Hosts
Examined

Raccoon, Procyon lotor (Linn.)
Opossum, Didelphis virginiana Kerr
Muskrat, Ondatra zibethica (Linn.)

2
2
7

Procyon lowr
Ondatra zibethica

7

Ondatra zibethica

7

2

Procyon lotor
Gray Fox, Urocyon cinereoargenteus Schreber
Red Fox, VUlpes vUlpes (Linn.)
Red Squirrel, Tamiasciurus hudsonicus Erxleben
Vulpes vulpes
Urocyon c!nereoargenteus
VuLpes vUlpes
Rabbit, Sylvilagus fLoridanus (Allen)
Didelphis virginiana
Procyon lowr

3
2
5

Procyon Lotor

5

1
1
2
3

+ Phoretic hypopi.

often died in the traps (as previously mentioned), many of the ectoparasites would have
already deserted their host prior to the mammals being removed from the traps.
RESULTS AND DISCUSSION
A listing of ectoparasites and their mammal hosts is noted (Table 1). No new significant
host records for the North Central states were noted. The authors were unable to find
records denoting Laelaps multispinosus occurring on raccoon or Orchopeus howardii
occurring on red foxes; however, neither association is very surprising. Since only two
specimens of L. multispinosus were found on two raccoons, it is suspected that this
occurrence of L. multipsinosus was only a temporary acquisition for the raccoon and was
possibly obtained by the raccoons scavenging on muskrat carcasses. This mite has been
commonly reported from muskrats in other studies such as Whitaker (1982) and was a
common muskrat ectoparasite in this study. Orchopeas howardii is primarily a squirrel
flea and could be expected to occur on potential predators such as red foxes, even though
red foxes are not considered to be common predators of squirrels. Whitaker (1982) reports
this flea's occurrence in Indiana on the gray fox but not the red fox.
All three species of listrophorid mites were found coexisting on individual muskrats. In
Indiana, Bauer and Whitaker (1981) found that Listrophorus jaini and L. validus Banks
occurred primarily on the rump and ears respectively, L. americanus ventrally and L.
dozieri laterally. The authors further commented that the species displayed a degree of
isolation and seemed to adhere to Gause's Rule. Listrophorus validus was not noted in this

1988

THE GREAT LAKES ENTOMOLOGIST

149

study; however, additional muskrat collections in northern Ohio are anticipated to further
clarify the presence or absence of L. validus in this area. Particular emphasis will be
placed on ear examinations.
To the authors' knowledge, the three collected species of listrophorid mites and Laelaps
multispinosus are new records for Ohio. All collected species of ectoparasites, excluding
I. cookei and o. howardii, are new records for Erie County. It should be stressed that this
is not due to any rarity of collected species but simply to a general lack of reporting in the
state and county. All collected species are relatively common in the North Central states.
LITERATURE CITED
Bauer, C. A. and J. O. Whitaker, Jr. 1981. Ectoparasites of muskrats from Indiana with special
emphasis on the spatial distribution of coexisting mites of the genus Listrophorus. Amer. MidI.
Nat. 105:112-123.
Lawrence, W. H., K. L. Hays, and S. A Graham. 1965. Arthorpodous ectoparasites from some
northern Michigan mammals. Occas. Pap. Univ. Mich. Mus. Zool., No. 639. 7 p.
Whitaker, J. 0., Jr. 1982. Ectoparasites of Mammals of Indiana. Indiana Acad. Sci. Indianapolis.
240 pp.
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ATTRACTION OF ACORN-INFESTING CYDIA LATIFERREANA
(LEPIDOPTERA:TORTRICIDAE) TO PHEROMONE-BAITED TRAPS1
J. W. Peacock2 , S. L. Wright2 and J. R. Galford 2
ABSTRACT
Males of acorn-infesting Cydia latiferreana are attracted to an equilibrium mixture of
the four isomers of 8, I O-dodecadien-l-ol acetate, the virgin female-produced pheromone.
Trap height relative to the height of trees in which traps are placed seems to be a
significant factor influencing moth catches at attractant-baited traps. In an oak woodlot
and in an oak nursery, catches of male moths were greater in traps placed near the upper
periphery of the canopy than at traps deployed at lower levels in the tree. Practical
application of pheromone-baited traps in a forest situation will require further study on
lure formulation and on trap deployment under forest conditions.

The filbertworm, Cydia latiferreana (Walsingham), is a pest of several tree species in
western North America. It destroys filberts in Washington and Oregon (Dohanian 1940);
in California, it is a pest on walnuts (Michelbacher and Hitchcock 1955) and pomegran
ates (Davis et al. 1983). This insect has been reported to occur extensively in the Western
States and British Columbia in acorns and oak galls (Keen 1958).
In the eastern United States, C. latiferreana is a pest on acorns of several species of
oak, including bur oak, Quercus macrocarpa (Gibson 1971), white oak, Q. alba (Gibson
1972), red oak, Q. rubra (Gibson 1982), and black oak, Q. velutina (Galford,
unpublished). Damage to white oak acorns appears to be the most significant, with
infestation levels as high as 32% in some collections (Gibson 1972).
Walsingham (1879) described C. latiferreana as Carpocapsa latiferreana from
specimens infesting Prunus lyonii, the Catalina cherry. The species was placed in
Melissopus by Riley (1881). Melissopus was first synonymized with Cydia by Walsing
ham (1914), who discarded thc usc of secondary sexual characters for defining genera.
Murtfeldt (1894) described seven forms, and stated that C. latiferreana appeared to be
"breaking up into several races or even species." She speculated that there were
originally two species, an eastern one and a western one, which "have interbred to
produce intermediate forms. " Murtfeldt reared both the western (California, Washington,
and Oregon) and the eastern (Pennsylvania, Missouri, Florida, and Mexico) forms from
acorns. C. latiferreana adults are extremely variable in color, size, and structure of tbe
genitalia. Heinrich (1926) studied the species complex and described genitalic differences
among varieties "A-G" of thc complex. A revised synonomy of Melissopus and Cydia
was reported by Brown (1983), based on a reanalysis of differential characters.
The biology of C. latiferreana has been described as it occurs on several hosts,
including filberts (Dohanian 1940), walnut (Bacon et al. 1948, Michelbacher and
Hitchcock 1955), and bur and white oak (Gibson 1971, 1972, respectively). The

'This paper reports the results of research only. Mention of a proprietary product does not
constitute an endorsement or a recommendation for its use by the USDA or the Forest Service.
2USDA Forest Service, Northeastern Forest Experiment Station, Delaware, OH 43302.
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influences of environmental factors on diel flight behavior of C. latiferreana were
described by AliNiazee (1983a).
The sex attractant for the filbertworm contains the female-produced compounds (E,E)
and (E,Z)-8, lO-dodecadien-l-ol acetate (Davis et al. 1984), which occur in a 1:4.3 ratio
in extracts of female abdominal tips. In field tests in filbert orchards of various ratios of
E,E:E,Z, the ratio found in the abdominal tip extract attracted the most males. In tests in
pomegranate orchards (Davis et al. 1983), a concentration of 0.64 mg/dispenser (rubber
septa) of E,E,8,10-12:Ac captured significantly more male moths than lesser concentra
tions, and traps positioned at a height of 2.4 m caught significantly more moths than those
placed lower. In tests in filbert orchards, AIiNiazee (1983b) determined that of several
trap designs, the Pherocon IC trap captured the most male moths, and traps were most
effective when placed in the top of the tree canopy, or just above it. Significantly more
moths were captured in traps deployed at 4-4.8 m above the ground than at lower heights.
Relatively few moths were captured in traps placed at distances of 10 to 50 m from the
filbert orchard.
Prior to 1985, all studies of C. latiferreana attractants were conducted in filbert or
pomegranate orchards in the western United States. A pheromone-trapping system could
have significant practical value in studies on acorn-infesting C. latiferreana in oak forests
in the eastern United States. In 1985, we evaluated C. latiferreana attractants in field tests
in three areas in Ohio. This paper reports the results of those field studies.
METHODS AND MATERIALS
Study sites. Three sites were included in this study: (1) an 80-yr.-old, mixed hardwood
forest in Hocking Co., OH; (2) a 7-ha, mixed hardwood woodlot in Delaware Co., OH;
and (3) a 20-yr.-old nursery of northern red oak (Q. rubra) at the USDA laboratories,
Delaware Co., OH.
The Hocking Co. site was located on an upland ridge; tree species growing on the ridge
included hickory (Carya spp.), maple (Acer spp.), and several oak species (including Q.
alba, Q. rubra, Q. velutina, Q. coccinea. and Q. prinus). This aspect of the study was
designed to evaluate the use of attractant-baited traps under forest conditions.
In the Delaware Co. woodlot, a moist, lowland site, tree species included hickories,
maples, and black walnut (Juglans nigra), along with several oak species (Q. alba, Q.
rubra. and Q. palustris). The purpose of the woodlot trapping study was to assess the
importance of trap height in attraction and capture of moths.
At the USDA nurseries, the oaks were planted on a spacing of 3 m between trees and
between rows, and were 5-8 m in height. These nursery trees first produced acorns in
1982. The objective of the nursery study was to compare three attractant sources: red septa
(see below), gray septa, and virgin female moths.
Attractants. The chemical attractant (provided by Zoecon Corp., Palo Alto, CA)
consisted of an equilibrium mixture of 8,1O-dodecadien-l-01 acetate; the mixture
contained 9.4% ZE, 68.0% EE, 19.7% EZ, and 2.9% ZZ. The attractant was added to
each of two types of rubber septa (West Co., Phoenixville, PA) at a concentration of
0.5 mg in 100 f.11 dichloromethane (Davis et al. 1983). The septa used were: red natural
rubber, (size IF) and gray halo-butyl isoprene blend elastomer, (size IF).
At the USDA nursery site, the number of captures at traps baited with synthetic
attractants was compared with captures at female-baited traps. Virgin female moths were
reared from naturally-infested acorns collected in the nursery in the fall of 1984. Acorns
and duff containing overwintering larvae were stored in total darkness in a refrigerator at
3°C and 40-50% RH. After 8 months of cold treatment, the larvae were returned to a
room maintained at 20°C on a 16-8 (L-D) cycle until adult emergence. For field-trapping
studies, one newly emerged female was placed in a 4 x 6 x 12-cm screen cage;
food/moisture was provided as a 5% sucrose solution contained in a glass vial-wick
device.
Traps and trap deployment. Pherocon 1C® traps (Zoecon Corp., Palo Alto, CAl were
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used in the study, based on the findings of AiiNiazee (1983b). Rubber septa were
suspended above the sticky bottom with a paper clip. A paper clip was likewise used to
attach cages containing virgin females to the upper inside surface of the trap.
At the Hocking Co. site, 18 traps were deployed, one per tree, in five species of mature
oak. Half of the traps were baited with gray septa, and half with red. The traps were raised
with a long pole and suspended from branches at a height of 8-10 m. In most cases, the
traps were positioned at about a third of the tree height, and were located next to the bole.
The spacing between traps was approximately 25 m. Traps were deployed on 24 July and
removed on 26 September.
In the Delaware Co. woodlot, four oaks were used as trap sites. Traps on two of the
trees were baited with gray septa; the other two trees were baited with red septa. Three
traps were deployed in each tree, one at 3 m, one at 8-13 m, and one at 16-22 m. The
height of the trees ranged from 20-28 m. The traps at the 3 m level were positioned with
the aid of a long pole; positioning of traps at the two higher levels was with the aid of a
hydraulic "cherry picker" (Friday Tractor Co., Inc., Hartford, MI) outfitted with a 6-m
boom. All traps were hung as close as possible to the outside edge of the crown. Spacing
between the four trees was approximately 50 m. Traps were installed on 19 August and
removed on 30 September.
At the USDA nursery, traps were hung within 1-2 m of the tops of the red oaks.
Fourteen traps were deployed: three baited with gray septa, three with red septa and eight
with virgin female moths. There was one trap per tree and in all cases the traps were on
the periphery of the crown. Average trap height was approximately 5-7 m; spacing
between traps was 10-15 m. The trapping period was 30 July-27 September. Traps baited
with virgin female moths were monitored every 2-3 days. Where necessary, dead females
were replaced with live ones; the sugar solution in the vials was replenished as needed.
Collection and analysis of data. At the Hocking Co. forest site, traps were serviced
four times: 7 and 20 August, 4 Se
, and at the conclusion of trapping on 26
September. Traps in the Delaware
. woodlot were serviced on 3 September, 2 weeks
after the start of the study, and were removed on 30 September. At both sites, captured
moths were removed from the traps and tallied on each service date.
In the USDA nursery, traps were serviced every 2-4 days, depending on weather
conditions; captured male moths were recorded on each service date. At all three sites,
missing lures were replaced with lures of the same type and age. A random check of a
subsample of captured moths from all sites indicated that all were males.
Differences in moth catches at three trap heights in the oak woodlot were analyzed
using a one-way ANOVA, following transformation of the data (Y x + 0.5). The same
procedure was used to analyze for differences in catches at the two types of rubber septa.
Where significant differences occured, means were ranked using Duncan's multiple range
test.
RESULTS AND DISCUSSION
Trap catches in the mixed-hardwood woodlot. Of the 28 moths captured in the
woodlot, significantly more (22) were taken on traps that were 16-22 m above the ground
(Table 1). Twelve of the 28 were on a trap located at 16 m near the top of the crown of
the white oak at the periphery of the woodlot. No moths were captured at traps located at
the lowest height (3 m) on each of the four trees. Six were captured at the intermediate
height of 8-13 m. Trap height clearly influenced moth captures in this woodlot.
Trap catches in the mixed-hardwood forest. Only 48 C. latiferreana were captured
during approximately 9 weeks of trapping in the Hocking Co. forest. Twenty-one moths
were captured on traps baited with the red septa, while 27 moths were taken on traps
baited with the gray lures. The low per-trap captures make it impossible to arrive at any
conclusions concerning the trapping of C. latiferreana under forest conditions. One
possible explanation for the low catches in the southern Ohio forest is that the acorn crop
in this area was very poor in 1984, resulting in a low population of C. latiferreana in
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Table I.--Captures of male Cydia latiferreana at pheromone-baited traps deployed at different
heights in a mixed nardwood woodlot, Delaware Co., OH-1985.

Trap heigllt
(m)
3
8-13
16-22

No. of
traps

No. of
moths
captured

Mean catch
per trap'

4
4
4

0
6
22

0.71'
1.08"
1.68b

'Means represent transformed date CVx +0.5). Means followed by the same letter are not
significantly different (P<O.05; Duncan's multiple range test).

1985. A sampling of acorns collected in the trapping area in 1985 yielded few moths.
Another explanation could be that catches were low because traps were placed on lower
branches on the trees (at ca. 8-10 m), and moth captures appear to be greater in the upper,
outer crown.
Responses of male moths in an oak nursery. Significantly fewer moths were captured
at traps baited with females than at septa-baited traps in the nursery study. Unaccountably,
only two of the 87 moths captured at the 14 traps deployed in the nursery were at the eight
traps baited with females. Condition of the female moths probably was not a factor in the
low level of attraction recorded at female-baited traps. Traps containing virgin females
were monitored every 2-3 days during the 58-day trapping period, and there was a living
female in each female-baited trap most of the time. Likewise, these females had a
continuous supply of food (sugar solution). No attempt was made to observe females for
calling behavior, and at no time was a calling posture observed in any of the females. It
does seem likely, though, that during the time when moths were being captured at
septum-baited traps, at least some of the females were producing attractant. Perhaps the
cage-trap system in some way prevented or reduced pheromone production.
More moths were captured at traps in the nursery baited with red lures than at those
baited with the gray septa. This result is similar to the finding in the oak woodlot, but in
contrast to that recorded in the Hocking Co. forest, where the gray lures were somewhat
more attractive. However, there were no significant differences in catches between the
two types of lure at any of the sites.
A verage captures of moths at traps baited with synthetic attractant in the oak nursery
(x= 14.2 moths; 0.24 moth/trap/day) outnumbered those in either the Delaware Co.
woodlot (x 5.5 moths at high traps, x= 2.3 for all traps; 0.07 moth/trap/day for all traps)
or the Hocking Co. forest (x 2.0 moths; 0.03 moth/trap/day). It may be that catches
were greater in the oak nursery because all of the traps were located within 2 m of the top
of the tree, and all were on the outer perimeter of the canopy.
Our data suggest that trap height and placement in the upper periphery of the canopy
is a significant factor in the attraction and capture of C. latiferreana at pheromone-baited
traps deployed on oaks. Traps deployed at heights of greater than 15 m captured
significantly more moths than traps at lower levels in the oak woodlot, particularly on a
white oak located on the perimeter of the study area. In the oak nursery, where all traps
were in the upper, outer canopy, catches far exceeded those in either of the other two test
sites. Trap height could have been a factor in the very low catches of moths at the Hocking
Co. site, where all traps were deployed in the lower third of each tree at a height of
approximately 6-8 m.
Our findings are in agreement with those from trapping studies in filbert and
pomegranate orchards, although we trapped fewer moths in our studies. In filbert trees
that were about 4.7 m tall, the greatest number of moths were captured at traps deployed
at 4-4.8 m (AliNiazee 1983b). Traps at ground level and at 1, 2 and 3 m caught
significantly fewer moths. In a pomegranate orchard (Davis et al. 1983), traps positioned
at 2.4 m in trees that were 2.7 m tall captured significantly more male moths than traps
positioned at 1.2 and 1.8 m.
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Our studies have demonstrated that males of acorn-infesting C. latiferreana are attracted
to an equilibrium mixture of the four isomers of 8, lO-dodecadien-l-ol acetate. Further
research is required to determine the relative attractancy of lures and virgin females before
the pheromone-trapping system can be used to monitor populations of acorn-infesting C.
latiferreana. Research is also needed to determine the cause of the relatively low catches
of moths in forested areas in southeastern Ohio, one area where a trapping system could
have potential praetical application. Although it is likely that low catches in this area were
the result of low level trap placement, other factors such as the size of the acorn crop in
the previous year and the timing of trap deployment could be involved.
Studies are also needed to ascertain the relative attractancy of different pheromone
blends and dosages using pheromone produced by acorn-infesting C. latiferreana. It is
possible that there is a difference in pheromone composition between the form (Murtfeldt
1894) of acorn-infesting C. latiferreana in the eastern United States and the filbert
infesting form on the West Coast. Brown (1983) suggested that voucher specimens of
trapped moths are needed to compare potential differences in varieties of C. latiferreana
that are attracted to pheromone-baited traps. Because of the presence of sticky material on
moths removed from traps in this study, no attempt was made to prepare voucher
specimens from trapped moths. Davis and McDonough (1981) and AliNiazee (l983b)
likewise did not prepare voucher specimens from males captured in their studies.
Consequently, nothing is known concerning which moth varieties were attracted to
pheromone-baited traps in any studies to date.
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THE BINDWEED PLUME MOTH, EMMELlNA MONODACTYLA
(LEPIDOPTERA: PTEROPHORIDAE): FIRST HOST RECORD FOR
PHAEOGENES VINCIBILlS (HYMENOPTERA: ICHNEUMONIDAE)l
Foster Forbes Purrington and Deborah H. Stinner2
ABSTRACT
The first host record for Phaeogenes (= Oronotus) vincibilis, a solitary ichneumonine
pupal parasite, is the bindweed plume moth, Emmelina monodactyla.

Worldwide importance of Ipomoea batatas (sweet potato) as a food staple and the
contrasting status of some other herbaceous Convolvulaceae species as pernicious
agricultural wced~ has focused much interest on their faunal associates here and in
Mediterranean Europe (Rosenthal and Buckingham 1982) in efforts to discover suitably
specific bio-control agents. Emmelina monodactyla (L.), the bindweed plume moth, is a
cosmopolitan (Forbes 1923) leaf feeder on several convolvulaceans including Convol
vulus arvensis (field bindweed), Calystegia sepium (hedge bindweed), as well as sweet
potato (Barnes and Lindsey 1921, Mohyuddin 1969). We observed a vigorous population
of this moth on lush adventitious field bindweed in a greenhouse at Wooster, OH during
the 1986 and 1987 growing seasons.
In both years, plume moth pupae were parasitized (ca. 25%) by Phaeogenes
(= Oronotus) vincibilis (Cresson), a solitary endoparasite. This constitutes the first host
record for this wasp. In addition to parasitism by P. vincibilis, Emmelina monodactyla
was attacked (ca. 2%) by Cotesia sp. (Hymenoptera: Braconidae), a solitary larval
endoparasite.
Whereas several of the field bindweed insects we observed in the greenhouse were also
found associated with bindweed outdoors, Phaeogenes vincibilis was not. Therefore, the
association of P. vincibilis with E. monodactyla should be viewed as a possible outcome
of the eclectic character of greenhouse faunal assemblages until it can be repeated from
field rearings.
Known hosts of other Phaeogenes species represent a range of Microlepidoptera,
including other pterophorids for P. cynarae Bragg, and sesiids for P. ater Cresson
(Carlson 1979, Purrington and Nielsen 1987).
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OBSERVATIONS ON PARENTAL CARE IN THE FAMILY
ARADIDAE (HETEROPTERA).
Steven J. Taylor!

ABSTRACT
New observations of maternal care by Neuroctenus simplex and N. elongatus are
reported.

Most Aradidae are thought to be mycetophagous and are typically found in leaf litter,
on or under fallen limbs, on po1ypore fungi, or under bark. Literature on aradids found in
unusual habitats or thought not to be mycetophagous is reviewed by Kormilev and
Froeschner (1987). Aradids of temperate regions, including those reported here, are
typically found under loose bark of dead trees where they may aggregate in large numbers
(Lee and Pendergrast 1977, McClure 1932, Myers 1921, Usinger and Matsuda 1959).
Parental care has been reported for Neuroctenus pseudonymus Bergroth (McClure
1932), Brachyrhynchus membranaceus (Fabricius) (Takahashi 1934), and may occur in
Ctenoneurus hochstetteri (Mayr) (Myers 1921). Takahashi (1934) found an adult female
of B. membranaceus standing over young nymphs, while McClure (1932) saw an adult
(perhaps a male) of N. pseudonymus guarding the eggs and young. Observations reported
here provide further evidence of maternal care in Aradidae.
Myers (1926) observed first and second instars of Ctenoneurus hochstetteri on the
backs of adults in New Zealand, but it is not clear whether this was an instance of parental
care or an accidental occurrence in a highly gregarious species. Takahashi (1934)
collected two adult females and four nymphs of Brachyrhynchus membranaceus in
Taiwan and observed the bugs over a 19 day period (12-31 August) until all had died. He
observed nymphs underneath and on top of an adult female in a glass vial with some bark,
but did not make any observations in the field. He makes no mention of the female
guarding eggs, only guarding nymphs.
McClure (1932) suggests the occurrence of paternal care rather than maternal care in
N. pseudonymus. Although paternal care is known in a few Heteroptera (Ralston 1977,
Ridley 1978, Smith 1980), most notably in the Belostomatidae, maternal care is by far
more typical (Bequaert 1935, Hussey 1934, Odhiarnbo 1959, Tallamy and Denno 1981,
Wilson 1971).
McClure (1932) observed a female of N. pseudonymus leaving her eggs. Subsequently,
another adult, which was darker in coloration, moved over the eggs where it remained
until two days after the nymphs had emerged, over two weeks later. He stated that the
second adult was "probably the male."
On 21 March 1985, an adult female of Neuroctenus simplex (Uhler) was observed over
28 eggs under the bark of a dead water oak (Quercus nigra) in Brazos County, Texas. On
16 April, a second female was observed standing over 13 eggs under the bark of an
unidentified species of dead oak tree. The latter female, eggs, and other specimens of N.

!Department of Zoology, Southern Illinois University, Carbondale, Illinois 62901-6501.
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simplex were taken back to the laboratory for observation. The bugs were maintained at
21-24 C (photoperiod not controlled) in petri plates (ca. 9 cm diam., 2 cm depth) covered
on the bottom with a disc of filter paper. Oak wood, bark, and moist cotton were also
provided.
By 21 April, some of the eggs had hatched and the female was now standing over eggs,
eggshells and first instar nymphs. At the same time, she was observed mating.
On 25 April. the female again mated while standing over the eggs and first instar
nymphs. By 26 April, all eggs had hatched and about half of the nymphs were second
instars. The exact number of nymphs in each stage was not determined since intrusion
might have caused the female to abandon her eggs. She remained over the nymphs until
28 April. All but two nymphs had molted to the second instar by this time, and only two
nymphs remained on the now unguarded cluster of eggshells. She was again observed
mating on 29 April, but was no longer near the eggshells or young nymphs.
The adult female was always motionless when standing over the eggs and nymphs, and
was never observed guarding nymphs away from the hatched eggs.
An adult female of Neuroctenus elongatus Osborn was observed standing over a mass
of eggs under the bark of a dead mesquite tree (Prosopis glandulosa) in Kenedy County,
Texas, 22 March, 1986.
In both my own observations and those of McClure (1932), the young nymphs
remained on the egg mass and under the guarding adult, while Takahashi (1934) observed
nymphs underneath and on top of an adult female aradid.
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BACTERIA AS OVIPOSITIONAL ATTRACTANTS FOR AEDES
AEGYPTI (DIPTERA: CULICIDAE)
Dana Hasselschwert and C. Lee Rockett!
ABSTRACT
The effectiveness of selected bacterial species as ovipositional attractants for Aedes
aegypti was compared. Bacterial washes, in glass containers, were utilized as oviposi
tional substrates and subsequent egg counts determined the degree of ovipositional
attractiveness. Among others, Bacillus cereus and Pseudomonas aeruginosa were noted
as being effective attractants. It was concluded that A. aegypti displays discriminatory
behavior in selecting individual bacterial species for oviposition.

Studies concerning ovipositional attractants in mosquitoes have been limited in scope
and number. The current idea is that ovipositional activities in mosquitoes involve the
selection of an environment which provides the necessary physical, chemical, and biotic
factors required for larval development. In researching biotic factors, investigators such
as Suleman and Shirin (1981) have noted that the presence of organic matter in association
with bacteria cause an aquatic environment to be more attractive for ovipositing
mosquitoes. Hazard et al. (1967) concluded that bacterial attraction for ovipositing
mosquitoes was of adaptive value for the mosquitoes since bacteria are reported to
stimulate the growth of mosquito larvae. While the general consensus among researchers
in oviposition biology is that bacteria may serve as ovipositional attractants, few
individuals have attempted to identify the bacterial species which serve as the actual
attractants. In working with Culex pipiens quinquefasciatus Say, Steelman and Colmer
(1970) were unique in that they did attempt to identify specific coliform bacteria as
attractants. Rockett (1987) further investigated the specific role of bacteria as oviposi
tional attractants for C. p. pipiens L. (northern house mosquito). He concluded that C.
pipiens displays discriminatory behavior in selecting individual bacterial species com
monly encountered in the mosquito's natural breeding waters. The purpose of this work
was to compare the effectiveness of selected bacterial species as ovipositional attractants
for Aedes aegypti (L.).
Probably more is known about the biology of A. aegypti than any other species of
mosquitoes. The literature dealing with this species is voluminous (Silverly 1972).
However, information on the role of bacteria as ovipositional attractants is extremely
limited. Maw (1970) determined that n-capric acid made artificial field water attractive for
oviposition by a variety of mosquitoes, including A. aegypti. He suggested that
pseudomonad bacteria were responsible for the production of the ovipositional attractants.
Ikeshoji et al. (1979) isolated a specific ovipositional attractant for A. aegypti which was
produced by Pseudomonas aeruginosa.
MATERIALS AND METHODS
A colony of A. aegypti was maintained in the laboratory. Eggs were collected and
larvae subsequently reared on a diet of powdered dog chow in 15 X 15 X 30 cm plastic

'Department of Biological Sciences, Bowling Green State University, Bowling Green, OH
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containers. Adults were kept in screen cages (80 x 40 x 40 cm) at 27 ± 3°C, 80% RH,
and a photoperiod of L:D 16:8 hrs. Cotton pads soaked with 10% sucrose solution were
utilized as an interim food source prior to blood feeding. Approximately 5 days after adult
emergence, the mosquitoes were fed overnight on a laboratory mouse.
Oviposition substrates were prepared by using 125 ml wide-mouthed glass containers
filled with single-species bacterial washes. The bacterial washes were prepared by
seraping individual-species eultures from petri dishes with a bent glass rod, and rinsing
with 100 ml of water. When noted, percent transmittance relative to the number of
bacterial cells was measured with a speetrophotometer. This measurement was taken in an
attempt to eliminate possible variables related to dilution or concentration of bacterial
cells in separate washes. A paper towel (15 x 4 cm), previously soaked for five minutes
in a specific baeterial wash, was subsequently placed in a wash container. To insure a
constant moisture level in the towel, half of the towel remained immersed in the wash,
while the other half of the towel was draped over the edge of the glass eontainer. The
"set-ups" to be compared for oviposition attractiveness were placed in a cage containing
± 100-200 mosquitoes which had been fed 48 hrs beforehand and were normally ready
for oviposition. The washes were left in the cage overnight. To minimize any effect that
the individual container's location may have had on its selection by ovipositing
mosquitoes, the containers holding the different washes were repositioned between
replicates, within individual experiments. Eggs deposited on the towels were removed and
counted. The number of eggs on each towel was used as the indicator for oviposition
preference displayed by A. aegypti.
Ovipositional wash media, containing pure cultures of individual bacterial species was
varied according to the experiment being conducted. Excluding Staphylococcus epider
midis, Pseudomonas aeruginosa, Bacillus subtilis, and Bacillus thuringiensis, the
bacterial species utilized were isolated from common breeding waters used by Culex
species in Bowling Green, Ohio. A. aegypti, being a tropical mosquito, is not found in
colder, temperate climates, such as Bowling Green. The bacterial species commonly
isolated from the breeding waters included Escherichia coli, Enterobacter aerogenes,
Pseudomonas maltophilia, and Bacillus cereus.
Eleven separate experiments were conducted (Table 1). Basic procedural methodology
for all experiments were similar; any variation for an individual experiment is noted.
1. Three separate washes containing Bacillus cereus, Enterobacter aerogenes, and
distilled water were all placed in a single cage. Two replicates were done for this
experiment.
2. Enterobacter aerogenes and Staphylococcus epidermidis washes were compared.
This combination was selected because S. epidermidis is not commonly found in mosquito
breeding waters and E. aerogenes is. Three replicates were done in this experiment.
3. Pseudomonas maltophilia and Pseudomonas aeruginosa washes were compared.
This comparison was done to test the ability of gravid mosquitoes to distinguish between
two species of bacteria that are congeneric. Light transmittance values varied between
replicates, but were standardized within replicates at 41,55 and 55%. Three replicates
were done for this experiment.
4. A comparison between P. maltophilia, E. aerogenes, and S. epidermidis was done.
Transmittance values for replicates were 71, 19, and 50% respectively.
5. A comparison between B. cereus wash and pure A. aegypti egg homogenate
suspended in 100 ml of water was conducted. This experiment was conducted to test the
relative attractiveness of eggs versus bacteria. Egg homogenate was prepared by grinding
A. aegypti eggs with a mortar and pestle and then rinsing with 100 ml of water. Three
replicates were done; replicates were standardized at 95% transmittance.
6. To compare the ovipositional attractiveness of two commonly occurring bacteria in
mosquito breeding waters, Escherichia coli and B. cereus bacterial washes were utilized.
Three re licates were done for this experiment. Transmittance was standardized at 50%
for all
.cates.
7. B. cereus and P. aeruginosa washes were compared. This combination was selected
because both bacterial washes were found to be very effective attractants when compared
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Table I. Comparisons of Selected Ovipositional Attractants for Aedes aegypti (L).
BACTERIAL WASHES OR OTHER MEDIA WITH
RESULTANT EGG COUNT TOTALS

EXPERI
MENT

Bacillus cereus

719
2

Staphylococcus epidermidis

1457
3
4

Pseudomonas aeruginosa
1607
Staphylococcus epidermidis

218
5
6

Bacillus cereus
772
Bacillus cereus
96
Pseudomonas aeruginosa

1126
8
9

Bacillus cereus
162
Bacillus thuringiensis

399
10
II

Bacillus cereus
401
Pseudomonas aeruginosa

1220

Enterobacter aerogenes
444

Distilled water
307

Enterobacter aerogenes

1112
Pseudomonas maltophilia
933
Enterobacter aerogenes
93
Aedes aegypti Egg Homogenate
270
Escherichia coli

Pseudomonas maltophilia
2

o
Bacillus cereus
422
Bacillus subtilis
44
Tap water
155
Bacillus thuringiensis
118
Escherichia coli

63

a.bIndicates 2 and 4 replicates, respectively. Unmarked, indicates three replicates.

to other bacterial species separately. Four replicates were done for this experiment.
Washes were standardized within replicates at 50, 50, 53, and 65% transmittance.
8. B. cereus and subtilis were compared to test for differences in the relative
ovipositional attractiveness of two species of Bacillus bacteria. Three replicates were
completed for this experiment. Transmittance varied between replicates, but were
standardized within each replicate at 69, 75, and 88%, respectively.
9. A comparison between Bacillus thuringiensis and tap water was done. This
comparison was conducted to test the relative ovipositional attractiveness of a potentia]]y
lethal bacterium, which is commonly used as a larvicide in mosquito control. Three
replicates were completed. Transmittance values varied between replicates, but were
standardized within replicates at 40,55, and 60%, respectively. Tap water had a constant
transmittance of approximately 100%.
10. B. cereus and B. thuringiensis washes were compared. Three replicates were done
for this experiment. Transmittance values were standardized within replicates at 38, 60,
and 59%.
11. P. aeruginosa and E. coli washes were compared. Three replicates were done;
transmittance values, standardized within replicates were 65, 55, and 55%.
In all experiments, statistical analysis of total egg counts were done by using a
Chi-square, goodness of fit (Zar 1984).
RESULTS

Compared replicates are listed in experimental sequence. Total egg counts for each
comparison are listed in Table 1.
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1. The comparison between B. cereus washes, E. aerogenes washes, and distilled water
resulted in a highly significant difference (P < .001) in the total number of eggs deposited
in each wash. Distilled water was significantly less attractive for oviposition to gravid
female A. aegypti than either of the bacterial washes. Results regarding individual
replicates were 421 and 298 for B. cereus; 271 and 173 for E. aerogenes; 182 and 125
for distilled water.
2. The comparison between E. aerogenes and S. epidermidis washes resulted in a
highly significant difference (P < .001). Replicate counts for S. epidermidis were 816,
548, and 93; counts for E. aerogenes were 287,714, and 111.
3. The comparison between P. maltophilia and P. aeruginosa washes resulted in a
highly significant difference (P < .001). Replicate counts for P. aeruginosa were 129,
502, and 976; P. maltophi/ia egg counts were 92, 257, and 584.
4. In the comparison between P. maltophilia., E. aerogenes, and S. epidermidis washes,
a highly significant difference (P < .001) in the degree of attractiveness to mosquitoes
resulted. Individual replicates for P. ma.ltophilia were 0, 1, and 1; 43, I, and 49 for E.
aerogenes, and 161, 51, and 6 for S. epidermidis.
5. In comparing B. cereus wash and egg homogenate suspended in water, a highly
significant difference (P < .001) in the degree of attractiveness to A. a.egypti resulted.
Replicate egg counts for B. cereus were 286,74, and 412; egg homogenate counts were
159, 52, and 59.
6. The comparison between B. cereus and E. coli washes resulted in a highly significant
difference (P < .001) in the degree of attractiveness of the two washes. Replicate counts
for B. cereus were 1, 93, and 2; replicate counts for E. coli were consistently O.
7. In the comparison between B. cereus and P. aeruginosa. washes, a highly significant
difference (P < .001) resulted in the number of eggs deposited in each wash, Replicate
egg counts for B. cereus were 89, 291, 27, and 15; P. aeruginosa. counts were 364, 442,
187, and 133.
8. The comparison between B. cereus and B. subtilis washes resulted in a highly
significant difference (P < .001) in the degree of attractiveness. Individual replicate
counts for B. cereus were 104, 7, and 51; while counts for B. subtilis were 41, 0, and 3.
9. In comparing B. thuringiensis wash with tap water a highly significant difference
(P < .001) resulted in the number of eggs deposited. Replicate counts for B. thuringiensis
were 95, 267, and 37; counts for tap water were 68, 87, and O.
10. In the comparison between B. cereus and B. thuringiensis washes a highly
significant difference (P < .001) in the relative attractiveness of these two washes was
noted. Individual replicate counts for B. cereus were 172, 128, and 101; counts for B.
thuringiensis were 36, 82, and O.
11. In comparing P. aeruginosa and E. coli washes a highly significant difference
(P < .001) in the relative attractiveness of these two washes resulted. Replicate egg
counts for P. aeruginosa were 358, 696, and 166; E. coli egg counts were 54, 9, and O.
DISCUSSION
The results of this work add additional credibility to the idea that complex biological
cues are involved in the selection of oviposition sites by gravid mosquitoes. These
preliminary experiments suggest that bacteria act as ovipositional attractants for A.
aegypti. While these investigations indicate that A. aegypti displays an actual preference
for various bacterial species, including congeneric species, the mosquitoes seldom
exhibited an "all or nothing" response to the wash samples presented for oviposition.
However, in the comparison between E. coli and B. cereus washes (3 replicates),
sufficient attractancy was observed for B. cereus to ensure 100% placement of the eggs
in that wash. In the experiment comparing P. aeruginosa. and E. coli, a highly significant
difference (P < .001) was noted. P. aeruginosa was a much better attractant than E. coli
for gravid A. aegypti. An aspect of particular interest in this experiment were the results
obtained in one replicate where 100% placement of eggs occurred in the P. aeruginosa.
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wash. In work with C. pipiens, Rockett (1987) noted a highly significant difference (P <
0.001) in the degree of attractiveness for gravid mosquitoes in comparing E. coli and P.
maltophilia washes (11 and 61 egg rafts, respectively). These findings were particularly
interesting since E. coli is commonly encountered in natural breeding waters containing
C. pipiens. From the preliminary investigations now done with both a Culex and Aedes
species it is tempting to speculate that E. coli may be a poor ovipositional attractant for
numerous mosquitoes.
A concern throughout the course of these investigations was whether the same or
related species of bacteria would serve as a strong ovipositional attractant for more than
one species of mosquito. Bacillus cereus appeared to be highly favored for oviposition by
A. aegypti based on comparisons with distilled water, E. aerogenes, E. coli, B. subtiUs,
B. thuringiensis, and A. aegypti eggs. Rockett (1987) found B. cereus was also
significantly more attractive to C. pipiens for oviposition, when it was compared with
plain agar wash, and Enterobacter agglomerans. However, B. cereus was not signifi
cantly more attractive to C. pipiens when it was compared to P. maltophilia (both species
being common bacteria in C. pipiens breeding water). P. aeruginosa was a more effective
ovipositional attractant than even B. cereus for A. aegypti. Rockett (1987) did not
examine the ovipositional attractiveness of P. aeruginosa for C. pipiens. Other research
ers have implicated the family Pseudomonaceae as possible attractants for both Aedes and
Culex ovipositing mosquitoes. Maw (1970) found a pseudomonad to be attractive when
cultured on capric acid substrate. Ikeshoji et aL (1967) found Pseudomonas reptilivora to
serve as an ovipositional attractant for C. p. quinquefasciatus, and in a later work he
found P. aeruginosa to be a possible attractant for A. aegypti (Ikeshoji et aL 1979).
Various research has indicated that eggs and larvae of some species of mosquitoes may
act as effective attractants. Osgood (1971) found that Culex tarsalis preferred to oviposit
in water containing 200-2000 egg rafts of C. tarsalis. Dadd and Kleinjan (1974) and
Nakamura (1978) both found that water on which egg rafts of C. pipiens were deposited
was attractive to gravid females in the C. pipiens group. Bentley et al. (1976) found Aedes
triseriatus eggs were not as attractive to A. triseriatus for oviposition as A. triseriatus
larvae. Kalpage and Brust (1973) noted a similar result in Aedes atropalpus. In this
current study, A. aegypti eggs did appear to induce oviposition, however, it is interesting
to note that bacterial washes, when compared with eggs alone, resulted in a much greater
number of eggs deposited in the applicable wash. To our knowledge, no other work has
been done in comparing the relative attractiveness of eggs and bacterial washes.
Information on specific chemical isolates produced by bacteria, which appear to induce
mosquito oviposition, is extremely limited. Ikeshoji et aL (1979) was unique in that he
isolated 7, 11 dimethyloctodecane from P. aeruginosa, cultured on capric acid substrate,
and found the bacterium or its metabolites to be highly attractive for gravid A. aegypti. As
mentioned by Rockett (1987), continued investigations could result in the isolation of a
"lure" for mosquito pest management.
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DESCRIPTIONS OF NYMPHAL INST ARS OF ABEDUS BREVICEPS
(HEMIPTERA:BELOSTOMATIDAE)
S. L. Keffer and I. E. McPherson'
ABSTRACT
The 1st-5th instars of Abedus breviceps Still, collected from a Texas population, are
described and illustrated. They can be separated most easily by overall body length and
width, and by the length of the mesonotal wing pads.

During a collecting trip to western Texas in early December 1984, graduate students
from our laboratory discovered a reproducing population of Abedus breviceps Stiil in
Calamity Creek, Brewster County, ca. 32 km south of Alpine. The creek was clear,
shallow, and fast-flowing with a rocky substrate and no vegetation. Representatives of all
nymphal ins tars were captured, although these included only single individuals of the 1st
and 2nd instars. All were preserved in 75% ethanol and returned to Carbondale, lllinois.
The following descriptions are based on these specimens.
NYMPHAL DESCRIPTIONS
The 1st instar is described in detail, but only major changes that have occurred from
previous instars are described for subsequent instars. Length is measured from tip of tylus
to tip of abdomen, width across the 3rd abdominal segment. Additional measurements are
given in Table I.
First instar (Fig. lA). Length, 6.40; width, 4.10; one specimen examined. Body
broadly oval, greatest width at 3rd abdominal segment, dorsoventrally flattened;
yellowish white with light to dark brown maculations. Dorsally, surface of thorax and
abdomen with several short spines.
Head broadly triangular, anteriorly declivent. Dorsally, head yellowish white to
imaginary line between midpoint of eyes, yellowish brown posterior to same line; brown
stripe running from anterior margin of each eye along anterolateral margin of juga to
midlateral point oftylus. Vertex with brownish urn-shaped mark on disc that is continuous
with brown (or nearly so) tylus. Thin yellow line originating from inner margin of each
eye anteriorly, both lines continuing posteriorly, meeting medially, and giving rise to
short yellow line that is continuous with middorsal line of thorax and anterior part of
abdomen. Tylus brown with pair of yellowish orange spots basally; elevated above and
exceeding juga, apically reaching between bucculae; these 3 parts (bucculae and tylus)
forming socket holding modified base of labium. Bucculae with anterior margin faintly
edged with brown. Eyes brown dorsally, red ventrally; synthlipsis (i.e., interocular space;
taken near anterior margin of eye) ca. 2.6x width of 1 eye. Ventrally, head yellowish
white. Antennae yellowish white, arising near anterolateral margin of eye; rodlike,
directed anteriorly, segmentation unclear, 2 or 3 segments. Beak yellowish white,

'Department of Zoology, Southern Illinois University, Carbondale, Illinois 62901
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Table I.-Measurements (mm)" of A. breviceps instars".
Nymph

Body length
Body width C
Width at eyes
Synthlipsis
Head lengthd
Pranolal length"
Mesonotal length d
Metanotal length d
Leg lengths:
profemur
protibia
pratarsus
mesofemur
mesotibia
mesotarsus
metafemur
metatibia
metatarsus

ax

1st instar

2nd instar

3rd instar

6.40
4,10
2.44
0,92
1.16
0,84
0.76
0.68

9.10
6,10
2.80
1.00
IA2
1.08
1.28
0.88

11.34 ± 0.09
7.63±0.1O
3.64 ± 0.05
1.35 ± 0.02
1.65±0.14
1.26 ± 0.02
1.69 ± 0.04
0.94 ± 0.01

15.54
10,21
4AO
1.67
2.03
1.74
2.49
1.12

0,12
0,08
0,01
0,01
0.05
0.02
0,02
0.02

20,09
13.02
5A4
2,09
2.39
2.27
3,67
1.23

2.20
lAO
0.56
2.05
1.68
1.04
2.50
2.55
1.40

2.60
1.80
0.64
2.65
2.25
1.24
3.35
3.40
1.64

3.10 ± 0.04
2.03 ± 0.02
0.73 ± 0.02
3A5 ± 0.03
2.74 ± 0.05
1.56 ± 0.04
4.35 ± 0.02
4.18 ± 0.06
2.19±0.08

4.06
2.6\
0.91
4.66
3.65
2.06
6.02
5.68
2.77

0,04
0.04
0.02
0.04
0.03
0.05
0.06
0.04
0.06

4.99
3.32
1.07
6.10
4.79
2.59
8.01
7.57
3.63

=

7.

± SE.
1,2nd
bSample size: 1st instar
I, 3rd
cMeasured across 3rd abdominal segment.
~easured along midline,

=

4, 4th

10, 5th

4th instar

5th instar
±
±
±
±
±
±
±
±

0.19
0.12

om

0.01
0.07
0.02
0.05
0.02

± 0.05

± 0.03
± om
± 0.08
± 0.07
± 0.04
± 0.06
± 0.09
± 0.04

3-segmented, extending posteriorly as far as anterior margin of mesosternum; segments 1
and 3 subequal, eaeh %X length of 2.
Thoracic nota yellowish brown with brown maculations. Pronotum trapezoidal, mod
erately convex, anterior margin arcuate medially, posterior margin nearly straight. Me
sonotum subequal in length to pronotum along midline; shallow semicircular depression
anteromedially; posterior margin straight medially, arcuate laterally; wing pads evident
laterally. Metanotum narrowest of thoracic nota along midline; convex medially, tumescent
anteriorly midway between medial line and lateral edge; posterior margin arcuate medially:
ca. 9: II. Proepisternum
ratio of mesonotal wing pad to metanotum along lateral
largely hidden between coxa and head (see Parsons 1967); proepimeron yellowish white
with longitudinal brown stripe. Mesepisternum yellowish white with anterolateral brown
maculation; medially bordered by mesosternum, posteriorly by mesocoxal opening, lat
erally by mesepimeron, anteriorly by proepimeron. Mesepimeron yellowish white with
brown maculation adjacent to mesepisternum, prolonged posteriorly to level of metacoxa
and fringed with short hairs apically. Metepisternum yellowish white, large, prolonged
posteriorly, partially encircling metacoxa, heavily fringed with hairs. Metepimeron hidden
beneath mesepimeron (see Lauck 1959). Prosternum yellowish white with brown spot
posteromedially; broad anteriorly and posteriorly, narrow medially; rounded anteromedian
process present. Mesobasisternum yellowish white; broad anteriorly, nan'owing medially
then flaring before converging to form xyphus. Mesosternellum yellowish white; deflexed
dorsally. Metabasisternum yellowish white; broad anteriorly, concave to receive meso
coxa, posteriorly similar to mesobasisternum. Metasternellum similar to mesosternellum
in color and shape.
Prothoracic legs raptorial. Procoxa yellowish white, elongate, segment ca. 0.76 x
length of femur. Protrochanter yellowish white, subglobular with ventral patch of setae at
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4.0mm

Fig. lA-Co Immature stages of A. breviceps. A, First instar. B, Second instar. C. Third instar.

apex; segment ca. 0.24 X length of femur. Profemur yellowish white with brown
maculations; thickened proximally. narrowed distally; ventral surface nearly flat but with
slight median groove basally, bordered by row of short dense hairs on either side; dorsal
surface furnished with short spines. Protibia and tarsus yellowish white with faint brown,
incomplete annulations; together less than length of femur; ventral surface of each
segment flattened and bordered by dense row of hairs on either side, these rows fitting
between those of femur when segments are apposed; tarsus I-segmented, the 2 claws of
unequal length.
Meso- and metacoxae broader than procoxa, with hairs on posterior surface apically.
Meso- and metatrochanters more elongate than protrochanter; mesotrochanter with diffuse
patch of setae; metatrochanter also with diffuse patch of setae and with brown maculation
on posterior surface apically. Mesofemur yellowish white with brown maculations on
posterior surface; subequal in length to profemur but narrower; small spines along dorsal
surface, most numerous apically; very poorly developed swimming hairs apically on
posteroventral surface. Metafemur 1. 22 x length of mesofemur, yellowish white with
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maculations on posterior and ventral surfaces; row of spines along dorsal, anteroventral,
and posteroventral surfaces, those on dorsal surface heaviest distally. Mesotibia yellowish
white with brown transverse stripes on posterior surface; row of spines on antero- and
posterodorsal edges, and on posteroventral edge, and 3 rows on anteroventral edge; row
of well developed swimming hairs on posterodorsal edge. Metatibia yellowish white with
brown transverse stripes on posterior surface; row of spines on antero- and posterodorsal
edges and 2 rows along antero- and posteroventral edges; well defined rows of swimming
hairs on posterodorsal and anteroventral edges; apical transverse row of pectinate spines
on posterior surface; segment 1.52 x length of mesotibia. Mesotarsi yellowish white
proximally, brown distally; well developed row of swimming hairs on posterodorsal edge;
2-segmented, 1st smaller, ca. Y4 x length of 2nd; claws equal in length. Metatarsi
yellowish white proximally, brown distally; row of spines along antero- and posteroven
tral, and antero- and posterodorsal edges; well defined row of swimming hairs on
posterodorsal and anteroventral edges; segment 1.4 x length of mesotarsus; 2-segmented,
1st segment smaller, ca. Y5 x length of 2nd; claws equal in length.
Abdomen yellowish white dorsally with brown maculations. Ventrally, yellowish
white; surface covered with long hairs and convex in middle Y3. Seven pairs of spiracles
evident, 1st pair more medially placed and hidden by metacoxae.
Second instar (Fig. lB). Length, 9.10; width, 6.10; one specimen examined. Head
markings dorsally similar to those of 1st instar except demarcation between anterior
yellowish white and posterior yellowish brown areas less evident; anterior margin of
bucculae distinctly edged with brown. Synthlipsis subequal in width to eye. Color
ventrally similar to 1st instar. Antennae directed posterolaterally, segmentation unclear,
2- or 3-segmented. Beak yellowish white, brown distally, segments 1 and 2 subequal and
ca. 1.25 x length of 3.
Thoracic nota color similar to that of 1st instar. Mesonotum ca. 1.2 x length of
pronotum along midline, posteromedial margin slightly arcuate; ratio of mesonotal wing
pad to metanotum along lateral edge 1.1: 1. Thoracic pleural and sternal color and
markings similar to 1st instar.
Prothoracic leg color similar to that of 1st instar except procoxa with brown maculation
on anterolateral margin; annulations on protibia and protarsus distinct. Procoxa 0.69 x
and protrochanter 0.37 x length of profemur. Meso- and metathoracic leg color similar to
that of 1st instar. Mesotibia with row of swimming hairs on anteroventral and
posterodorsal edges; segment 1.25 x length of protibia. Metafemur 1.26 x length of
mesofemur. Metatibia with 3rd row of few spines on posteroventral edge; 2 transverse
rows of pectinate spines apically on posterior surface; segment 1.51 x length of
mesotibia. Metatarsus 1.35 x length of mesotarsus; 1st segment ca. Y4 x 2nd.
Abdomen darker dorsally.
Third instar (Fig. lC). Length, 11.34 ± 0.09; width, 7.63 ± 0.10; four specimens
examined. Antennae 3-segmented; segments 1 and 2 subequal, ca. Y3-Y2length of 3; small
lateral lobes apparent on segments 2, lobe on 2 larger than on 3. Beak segments 1 and 2
ca. 1.5 x length of 3. Mesonotum ca. 1.3 x length of pronotum along midline; submedial
part of posterior margin more arcuate; ratio of mesonotal wing pad to metanotum 1.7: 1.
Metatibia with beginning of 3rd transverse row of pectinate spines apically on posterior
surface; vertical row of setae present proximal to the 3 rows.
Fourth instar (Fig. 2A). Length, 15.54 ± 0.12; width, 10.21 ± 0.08; ten specimens
examined. Antennal segment 1 1.5 x length of 2 and 0.6 x length of 3; lateral lobes on
segments 2 and 3 pronounced, lobe on 3 larger than lobe on 2. Beak segments 1 and 2 ca.
1.7 x length of 3. Mesonotum ca. 1.4 x length of pronotum along midline; medial
margin extended posteriorly; ratio of mesonotal wing pad to metanotum 2.5:1. Metatibia
with 3 distinct rows of pectinate spines apically on posterior surface; vertical row of setae
longer.
Fifth instar (Fig. 2B). Length, 20.09 ± 0.19; width, 13.02 ± 0.12; seven specimens
examined. Ratio of antennal segment lengths 2:1:3. Ratio of beak segments ca. 7:6:3.
Mesonotum ca. 1.6 x length of pronotum along midline; posterior margin extended
further posteriorly, subarcuate. Wing pads of meso- and metanota (latter present but
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A

Fig. 2A-B. Immature stages of A. breviceps. A, Fourth instar, B, Fifth instar.

covered by mesonotum) extending to abdominal segment 2 laterally. Row of swimming
hairs on posteroventral surface of meso- and metafemora well developed.

ACKNOWLEDGMENTS
We wish to thank P. P. Kerch, R. J. Packauskas, and T. E. Vogt, Department of
Zoology, Southern Illinois University, Carbondale, for providing us with the specimens
used in the descriptions. We also thank Karen A. Schmitt, Scientific Photography and
Illustration Facility, SIU-C, for the final iIlustrations and photographs of the figUres.

174

THE GREAT LAKES ENTOMOLOGIST

Vol. 21, No.4

LITERATURE CITED
Lauck, D. R. 1959. The locomotion of Lethocerus (Hemiptera, Belostomatidae). Ann. Entomol.
Soc. Arner. 52:93-99.
Parsons. M. C. 1967. Modifications of the prothoracic pleuron in Hydrocorisae (Heteroptera). Trans.
Royal Entomol. Soc. London. 119:215-234.

1988

TIlE GREAT LAKES ENTOMOLOGIST

175

AUTHOR INDEX --- VOLUME 21

Ayres, Matthew P. (see Scriber, J. Mark), 139
Balsbaugh, Edward U. First record of the true katydid, Pterophylla camellifolia
(Orthoptera: Tettigoniidae: Pseudophyllinae) in North Dakota, 91
Baumgartner, Donald L. Spring season survey of the urban blowflies (Diptera:
Calliphoridae) of Chicago, II1inois, 119
Beck, Robert A. (see Brewer, Steven D. et al.), 5
Bolton, Michael J. Annotated list of crane flies (Diptera: Tipulidae) from Mentor Marsh,
Lake County, Ohio, 55
Bouseman, John K. Araphe carolina in Illinois (Hemiptera: Largidae), 117
Brewer, Steven D., Robert A. Beck, and Richard A. Roeper. Observations of the gallery
habits of Trypodendron retusum (Coleoptera:Scolytidae) infesting aspen in central
Michigan, 5
Cutler, Bruce. Courtship behavior in Habronattus captiosus (Araneae: Salticidae), 129
Deyrup, Mark. Review of adaptations of velvet ants (Hymenoptera:Mutillidae), 1
Dood, Steven B., and Allen Kurta. Additional records of Michigan bat ectoparasites, 115
French, Thomas W. (see Whitaker, John 0., Jr.), 39, 43
Galford, J. R. (see Peacock, J. w., et a1.), 151
Grafius, E. and J. Hayden. Insecticide and growth regulator effects on the leafminer,
Liriomyza trifolii (Diptera: Agromyzidae) in celery and observations on parasitism, 49
Grimble, David G. Pheromone lures to monitor sparse populations of the spruce budworm,
Choristoneura fumiferana (Lepidoptera:Tortricidae), 141
Hall, David J. (see Raffa, Kenneth E), 69
Harein, P. K. (see Sumner, W. A., et al.), 133
Hasselschwert, Dana and C. Lee Rockett. Bacteria as ovipositional attractants for Aedes
aegypti (Diptera: Culicidae), 163
Hayden, J . (see Grafius, E.), 49
Hilburn, Daniel J. and Daniel T. Jennings. Terricolous spiders (Araneae) of insecticide-treated
spruce-fir forests in west-central Maine, 105
Hilsenhoff. William L. Seasonal correction factors for the biotic index, 9
Hunt, David W. A. (see Raffa, Kenneth E), 123
Jennings, Daniel T. (see Hilburn, Daniel J.), 105
Johnston, Scott A. (see Rockett, C. Lee), 147
Keffer, S. L. and J. E. McPherson. Descriptions of nymphal instars of Abedus breviceps
(Hemiptera: Belostomatidae), 169
Klompen, J. S. H. (see OConnor, B. M.), 93
Kurta, Allen (see Dood, Steven B.), 115
Larsen, Kirk J. and Mark E. Whalon. Field monitoring of x-disease leafhopper vectors
(Homoptera: Cicadellidae) and infected chokecherry in Michigan peach and cherry
orchards, 61
Lintereur, Gregory L. (see Raffa, Kenneth E), 75
McCafferty, W. P. and A. V. Provansha. Revisionary notes on predaceous Heptageniidae
based on larval and adult associations (Ephemeroptera), 15
McPherson, J. E. Life history of Mesovelia mulsanti (Hemiptera: Mesoveliidae) in southern
Illinois, 19
McPherson, J. E. (see Keffer, S. L.), 169

176

1HE GREAT LAKES ENTOMOLOGIST

Vol. 20,

No. 4

O'Brien, Mark F. Bibliographic guide to the terrestrial arthropods of Michigan: Supplement
1,25
O'Brien, Mark F. Records of Ampulicidae in Michigan (Hymenoptera: Sphecoidea), 81
OConnor, B. M. and J. S. H. Klompen. Occurrence of the bat tick, Ornithodoros kelleyi
(Acari: Argasidae), in Michigan, 93
Peacock, J. W., S. L. Wright and J. R. Galford. Attraction of acorn-infesting Cydia
latifferreana (Lepidoptera: Tortricidae) to pheromone-baited traps, 151
Provansha, A V. (see McCafferty, W. P.), 15
Purrington, Foster Forbes and Deborah H. Stinner. The bindweed plume moth, Emmelina
mOlwdactyla (1'terophoridae): First host record for Phaeogenes l'incibilis (Hymenoptera:
Ichneumonidae), 157
Raffa, Kenneth F. and David J. Hall. Seasonal occurrence of pine root collar weevil,
Hylobius radicis (Coleoptera: Curculionidae) in red pine stands undergoing decline, 69
Raffa, Kenneth F. and David W. A Hunt. Use of baited pitfall traps for monitoring pales
weevil, llylobius pales (Coleoptera: Cureulionidae), 123
Raffa, Kenneth F. and Gregory L Lintereur. New host records and developmental notes on
the pear slug, Caliroa cerasi (Hymenoptera: Tenthredinidae) feeding on Cotoneaster and
Chaenomeles species, 75
Rockett, C. Lee (see Hasselschwert, Dana), 163
Rockett, C. Lee and Scott A. Johnston. Ectoparasitic arthropods collected from some
northern Ohio mammals, 147
Roeper, Richard A (see Brewer, Steven D., et al.), 5
Sapio, Frank J. (see Wilson, Louis E, et al.), 97
Scriber, J. Mark and Matthew P. Ayres. Observations on the puddling behavior of the
Canadian tiger swallowtail butterfly, Papilio glaucus canadensis in northern MiChigan,
139
Simmons, Gary A (see Wilson, Louis E, et al.), 97
Stein, Kenneth 1. and Dana L. Wrensch. The pest status of yellowjackets in Ohio
(Hymenoptera: Vespidae), 83
Stinner, Deborah H. (see Purrington, Foster Forbes), 157
Subramanyam, Bh. (see Sumner, W.A, et al.), 133
Sumner, W.A, II, P.K. Harein and Bh. Subramanyam. Malathion resistance in larvae of some
southern Minnesota populations of the Indianmeal moth, Plodia illterpllnctella (Lepi
doptera: Pyralidae), infesting bulk-stored shelled corn, 133
Taylor, Steven J. Observations on parental care in the family Aradidae (Heteroptera), 159
Whalon, Mark E. (see Larsen, Kirk J.), 61
Whitaker, John 0., Jr. and Thomas W. French. Ectoparasites and other arthropod associates
of some voles and shrews from the catskill mountains of New York, 43
Whitaker, John 0., Jr. and Thomas W. French. Ectoparasites and other arthropod associates
of the hairy-tailed mole, Parascalops breweri, 39
Williams, Charles E. Movement, dispersion, and orientation of a population of the C.o\orado
potato beetle, Leptinotal'sa decimlineata (Coleoptera: Chrysomelidae), in eggplant, 31
Williams, Charles E. Chrysochus auratus (Coleoptera: Chrysomelidae) absolved as pecan
pest, 127
Wilson, Louis E, Frank J. Sapio, and Gary A. Simmons. Biology, injury, and control of the
European needle-bending midge (Diptera: Cecidomyiidae) on Scotch pine in Michigan,
97
Wrensch, Dana L (see Stein, Kenneth J.), 83
Wright, S.L (see Peacock, 1. w., et al.), 151

1988

THE GREAT LAKES ENTOMOLOGIST

177

INDEX TO ARTHROPOD TAXA -- VOLUME 21

Abedus breviceps, 169
Acanthomola pubescens, 15-17
Acari 39-41, 43-48, 93, 115, 148
Aedes aegypti, 163-168
Agelenidae, 108
Agelenopsis, 108
Agroeca
ornata, 109
pratensis, 109
Agromyzidae, 49
Alopecosa aculeata, 109
Arnaurobiidae, 108
Amaurobius , 108
Amorphacarus hengererorum, 43, 45
Ampulex calU1liculata, 81
Ampulicidae, 81-82
Androlaelaps fahrenholzi, 39, 44, 45,
47, 148
Aneporus
rusncus, 15-17
simplex, 15-17
Anisopodidae, 56
Anop\ura, 40, 43-48
Antistea brunllea, 108
Aphileta misera, 108
Aradidae, 159
Arachnida, 26
Araneae, 105, 129
Araneidae, 109
Araniella, 109
Araphe carolina, 117
Argasidae, 93
Ascidae, 40, 45, 47
Atyphloceras bishopf, 43, 44, 47
Bakerdallia, 40
plurisetosa, 40, 43, 45, 47
Baryphyma
kulczYllskii, 108
longitarsum, 108
Bathyphantes, 108

pallidus, 108
Beetle
Colorado potato, 31-38
Dogbane leaf, 127-128
mammal-nest, 39, 45
scolytid, 5·8
Belostomatidae, 169
Bittacomorpha clavipes, 56
Blattidae, 81
BrachyrhYllchus membranaceus, 159
Braconidae, 157
Bufolucilia silva rum, 120
Buthus occidelltalis, 112
Butterfly,
Canadian tiger swallowtail, 139
Caliroa cerasi, 75
Callioplus tibialis, 108
Calliphora coloraciellsis, 120
livida, 120
terraellovae, 120
vicina, 120
vomitoria, 120
Calliphoridae, 119
Callobius, 108
belllletti, 108
Catallagia borealis, 43, 44,47
Cecidomyiidae, 97
CediopsyUa simplex, 148
Celltromerus persolutus, 108
Ceraticelus
bulbosus, 108
laetibialis, 108
millutus, 108
Ceratulella brU1lllea, 108
Ceratophyllidae, 40
Chaetopsylla lotaris, 148
Cheilotrichia (Empeda) stigmatica, 58
Chiggers, 39-41, 43-48
Choristolleura fumiferana, 105, 141
Chrysochus auratus, 127
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Chrysomelidae, 31, 127
Cicadel\idae, 61
Cicurina
brevis, 108
pallida, 108
Cimex adjunctus, 115
Cimicidae, 115
Cladura flavoferruginea, 58
Clubiona canadensis, 109
Clubionidae, 109
Cochliomyia macellaria, 120
Coleoptera, 23, 27, 31, 45, 69, 127
Colladonus clitelZarius, 63
Collembola, 27
Contarinia baeri, 97
Cotesia, 157
Cryphoeca montana, 108
Cryptonyssus flexus, 116
Ctenocephalides felis, 148
Ctenoneurus hochstetteri, 159
Ctenophthalmus pseudagyrtes, 39, 40,
43, 45, 47
Culex
pipiens pipiens, 163
pipiens quinquefasciatus, 163
Culicidae, 163
Curculionidae, 69, 123
Cyanus elongatus, 120
Cydia latiferreana, 151
Cynomyopsis cadaverina, 120
Cyrtolaelaps, 40, 45, 47
Dasymutilla, 3
Dendroctonus valens, 69
Diachus auratus, 128
Diptera, 27-28, 49, 55, 97, 119
Dolic/lOvespula, 83
Dolichurus greenei, 81
DoracopsyUa blarinae, 40, 45
Echinonyssus
blarinae, 39, 40
isabellilllls , 47
Emmelina monodactyla, 157
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Ephemeroptera, 15-17
Eplzuta, 3
Epiphragma
fasciapenllis, 57
solatrix, 58
Epitedia wellmalllli, 43, 47
Erigonidae, 105-109
Erioptera (Erioptera)
chlorop/zylloides, 58
furcifer, 58
septemtriOllis, 58
vespertilla, 58
Erioptera (Mesocyp/wlIa)
caliptera, 59
parva,59
Erioptera (Psiloconopa) vellusta, 59
Erioptera (Symplecta) cana, 58
Erioptera (Trimicra) pilipes, 58
Eucalliphora lilaea, 120
EuZaelaps stabularis, 47
Euryparasitus, 40, 45, 47
Eusclzoengastia
blarinae, 46
oilioensis, 44, 47
peromysci, 44, 46, 47
setosa, 44, 47
Farreloides jamesoni, 43, 46
Glycyphagidae, 40, 45, 47
Glycyp/zagus, 43
hypudaei, 44, 45, 47
Gnap/zosa, 109
parvula, 109
Gnaphosidae, 109
Gnop/lOmyia (Gnophomyia)
tristissima, 58
GOllatium crassipalpum, 108
GOllomyia (Gollomyia)
cogllatella, 58
subcinerea, 58
Grammollota, 108
gigas, 108
Habrollattus
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brunneus, 131
captiosus, 129
carolinensis, 131
eoeeatus, 129
pyrritllrix, 131
Haematopinoides squamosus, 39, 40-41
Haemogamasus
ambulalls, 43, 45, 47
liponyssoides, 39, 40, 45, 47
reidi, 39
Halmia cinerea, 108
Hahniidae, 108
Halorates pJumosus, 108
Haplodrassus hiemalis, 109
HeJius
[lavipes, 57
mainensis, 57
Hemiptera, 19-23, 28, 117, 159-161,
169-174
Heptageniidae, 15-17
Heptagellia cruentata, 15-17
Histiostomatidae, 40, 45
Homoptera, 28, 61
Hoplopleura
acanthopus, 44, 47
hesperomydis, 45
Hoplopleuridae, 40
Hylobius
abietis, 123
pales, 123
radieis, 69, 123
Hymenoptera,1-4, 28, 75, 81, 83, 157
Hypoaspis miles, 40
Hystriehopsylla tahavuana, 40
Hystrichopsyllidae, 40
Ichneumonidae, 157
Indianmeal moth, 133
Ips
gralldieollis, 69
pini, 69
Ischnopsyllidae, 115
Ishnopfera, 81
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Ixodes
angustus, 43, 46, 47
eookei, 148
Ixodidae, 46, 148
katydid, 91
Labidomera elivieollis, 127
Labidophorus
nearetieus, 39
faipae, 39
Laelapidae, 40, 47, 148
LaeZaps
alaskensis, 40, 43, 44, 47
koehi, 47
microti, 43, 44
multispillosus, 148
Largidae, 117
Largus suecinetus, 117
Lepidoptera, 29, 105, 133, 139, 141,
151, 157
Lepth;pJzaJltes zebra, 108
Leptillotarsa
deeimlineata, 31-38
juneta, 32
Leptinidae, 39, 45
Leptinus
americana, 45
testaeeus, 39
Limnoplzila (Dieranophragma)
fuseovaria, 58
Limnophila (Euphy/idorea) auripennis,
58
Limnophila (PriolloZabis)
rufibasis, 58
walleyi, 58
Limollia (Dieranomyia) divisa, 57
Limonia (Dieranomyia)
haeretica, 57
immodestoides, 57
longipenllis, 57
Limollia (Diseobo/a) allllu/ata, 57
Limonia (Geranomyia)
communis, 57
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rostrata, 57
Limonia (Limonia)
globithorax, 57
fusca, 57
rara,57
Limonia (Metalimnobia) immatura, 57
Limonia (Rhipidia)
duplicata, 57
ftdelis, 57
Linyphiidae, 108
Liriomyza trifoUi, 49
Listrophoridae, 47, 148
Listrophorus
americanus ,148
dozieri, 148
faint, 148
mexicanus squamiferus, 47
mexicanus squamosus, 44
pitymys, 44
Lucilia
coeruleiviridis, 120
illustris, 120
sericata, 120
Lycosa jrolldicola,109
Macronyssidae, 116
Macronyssus crosbyi, 116
Mallophaga, 148
Megabothris
asio, 40, 43
quirilli, 43, 47
Meioneta fabra, 108
Mesovelia mulsallti, 19-23
Melachroma inlerruptum, 128
Micaria
aenea, 109
pulicaria, 109
Molophilus (Molophilus) forcipulus, 59
Moth
bindweed plume, 157
filbertworm, 151
lndianmeal, 133
spruce budworm, 105, 141

Vol. 20,

Mutillidae, 1-4
Myobiidae, 45, 47
Myocoptes
japonensis, 44, 47
musculillus, 47
Myocoptidae, 44, 47
Myodopsylla illsigllis, 115
MyollYssus jamesoni, 45
Nearctopsylla genalis, 40, 45
Neoantistea
agiUs, 108
magna, 108
Neoalltistea , 108
Neon nelli, 109
Neotrombicula
cavicola, 43
harperi, 44, 46, 47
microti, 40, 44, 46, 47
Nephrotoma
allerna, 56
ferruginea, 56
Norvellina semilluda, 63
Neuroctellus
elongatus, 159
pseudollymus, 159
simplex, 159
Odonata,29
Oedothorax trilobatus, 108
OIogamasidae, 40, 45, 47
Orchopeas
howardi, 148
Zeucopus, 43
Oreonetides
recurvatus, 108
retangulatus, 108
Onnosia (Ormosia)
mallicata, 59
pygmaea, 59
romanovichiana, 59
rubella, 59
serridens, 59
Ornithodoros kelleyi, 93
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OronolllS (see Phaeogenes)
Orthoptera, 29, 81, 91
Orycteroxenus, 43
soricis, 45
Papilionidae, 139
Papilio glaucus canadensis, 139
Paraphlepsius irroratllS, 61
Parasecia gumeyi, 116
Parasitidae, 45, 47
Parcoblatta
pennsylvanica, 81
virginica, 81
Pardosa
hyperborea, 109
mackenziana, 109
moesta, 109
xerampelina, 109
Pergamasus, 45, 47
Peromyscopsylla
catatina, 43, 47
hesperomys, 45
Phaeogenes
ater, 157
cynarae, 157
vincibilis, 157
Phormia regina, 120
Photomorphus, 3
Filaria
imbecilla, 58
meridiana, 58
qua(!rata, 58
tenuipes, 58
Pirata
insularis, 109
minutus, 109
Plodia interpunctella, 133
Pocadicnemis americana, 108
Pollenia rudis, 120
Proctolaelaps, 40, 44, 45, 47
Protomyobia brevisetosa, 45
Protophormia teliaenovae, 120
Pseudiron, 15·17

Pseudolimllophila
luteipenllis, 58
noveboracensis, 58
Pseudomethoca, 3
Pseudophyllinae, 91
Pterophoridae, 157
Pterophylla camellifolia, 91
Ptychopteridae, 56
Pygmephoridae, 40, 45, 47
Pygmephorus
brevicaudae, 40, 45
desigllatus, 40
hamiltoni, 40
hastatus, 40, 45
hon'idus, 40, 45
johnstoni, 40
lutterloughae, 40
moreollOrridus, 45
nidicolus, 45
proctorae, 39
rackae, 40
spinosus, 40
tamiasi, 40
whartoni, 40
whitakeri, 39, 45
wrenscllae, 40
Pyralidae, 133
Radfordia hylandi, 47
Raptoheptagenia, 15-17
Robertus riparius, 108
Salticidae, 105, 109, 129
Scaphytopius acutus, 61
Scolytidae, 5·8
scorpion, 112
Scotillotylus pallidus, 108
Shanllonomyia lenta, 58
Siphonaptera, 40, 43, 148
Sphecoidea, 81
Spinadis wallacei, 15-17
Spinturnicidae, 115
Spilltumix
americanus, 115
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bakeri, 116
spruce budworm, 105
Steatonyssus occidelltalis, 116
Sylvicola fenestralis, 56
Tapinocyba
minuta, 109
simplex, 109
Tenthredinidae, 75
Tettigoniidae, 91
Theridiidae, 105, 108
Thomisidae, 109
Timulla, 3
Tipula (Angarotipula) illustris, 57
Tipula (Beringotipula) borealis, 57
Tipula (Platytipula)
paterifera, 56
ultima, 56
Tipula (Schummelia) hermmmia, 56
Tipula (Yamatotipula)
furca, 57
kennicotti, 57
sayi, 57
tricolor, 57
Tipulidae, 55-59
Tortricidae, 105, 141, 151
Toxorhina magna, 59
Trichocera (Metatrichocera) garretti, 56
Trfchocera (Trichocera) bimacula, 56
Trichoceridae, 56
Trichodectes octomaculatus, 148
Trochosa, 109
terricola, 109
Trombiculidae, 40, 46, 116
Trypodendron retusu.m, 5-8
Ula elegans, 57
Veliidae, 19-23
Vespidae, 83
Yespula, 83
germ anica , 83
maculifrons, 83
Wadotes calcaratus, 108
Walckenaeria

Vol. 20,

atrotibialis, 109
communis, 109
directa, 109
mifluta, 109
spiralis, 109
Weevil
pales, 123
root collar, 69
Xenoryctes
latiporus, 45, 47
lIudus, 45
Xysticus
elegans, 109
emertOlli, 109
yellowjacket, 83-89
Zelotes
fratris, 109
paritanus, 109
Zibethacarus ondatrae, 148
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NOTE FROM THE EDITOR
The Editor invites you to submit artwork or photographs for the cover of The
Great Lakes Entomologist. Any original material fea turing some aspect of
entomology is desirable, with emphasis on insect subjects.
The recommended
format is as follows:
PHOTOGRAPHS: Glossy photographs no larger than 8 x 10 inches must
be legible when reduced to fit the space alJoted in the cover. Black and white
prints are preferable, but color prints are acceptable, providing that the subject
has proper contrast when made into a black and white halftone.
ARTWORK: Any type of line drawing, or other black and white illustration
may be acceptable, providing that details will not be lost when reduced to fit the
space on the cover. The maximum recommended size of the original is 8 x 10
inches.
Illustrations should be accompanied by a brief description of the subject(s),
and the scientific name (Order, family, and at least the genus). Photographs of
pinned specimens will not be considered for publication. Emphasis of this journal
is on the fauna of the Great Lakes region, and therefore, the subjects chosen for
the cover should reflect this interest. Examining recent covers of the The Great
Lakes Entomologist will give contributors a general idea of the type of material
that is published.
Submissions for cover illustrations should be sent to the Editor at the address
inside the back cover.

INSTRUCTIONS FOR AUTHORS
Papers dealing "ith any aspeet of entomology will be considered for publication in The Great Lakes
Entomologist. Appropriate subjects are those of interest to amateur and professional entomologists in the North
Central States and Canada. as well as general papers and revisions directed to a larger audience while retaining an
interest to readers in our geographic area.
All manuscripts are refereed by two reviewers, except for short notes, which are reviewed at the discretion of the
Editor. Manuscripts must be typed, double·spaced, with I" margins on white 8 li2 X II" or equivalent size paper,
and submitted in triplicate. Please underline only those words that are to be italicized. Use subheadings sparingly.
Footnotes (except for authors' addresses, which should be on the title page), legends, and captions of illustrations
should be typed on separate sheets of paper. Titles should be concise, identifying the order and family discussed.
The author of each speeies must be given fully at least once in the text, but not in the title or abstract. If a common
name exists for a species or group, it should be given at least once in the text, in accordance with the approved
common names published by the Entomological Society of America. The fonnat for references must follow that
used in recent issues of The Great Lakes Entomologist. Literature cited is just that--no unpublished manuscripts
or internal memos.
Photographs should be glossy finish. Drawings, charts, graphs, and maps must be scaled to permit proper
reduction without loss of detail. Please reduce illustrations or plates to a size no greater than 9 X 12" to permit
easier handling. Artach a figure number to the reverse side of each figure and include the authors' names. We do
not return original dra"ings to the author(s) unless requested and reimhursed for postage.
Tables should be kept as uncluttered as possible, and should be able to fit nonnally across a page when typeset
by the printers. Contributors should follow the Council of Biology Editors Style Manual, 5th ed., and examine
recent issues of The Great Lakes Emomologist for proper format of manuscripts.
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