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DISTRIBUTION AND HYBRIDIZATION OF HYALOPHORA
COLUMBIA (LEPIDOPTERA: SATURNIIDAE)
IN WISCONSIN
Leslie A. Ferge 1
ABSTRACT
llyalophora columbia (Smith) has been collected in 12 Wisconsin counties, primarily
in the north-central region. The adult flight season peaks during the second week of June.
llyalophora cecropia (L.) was found to occur in many of the columbia localities, and to
be active at the same time as columbia. Despite this overlap, natural hybrids were very
rarely seen.

The columbia silkmoth, llyalophora columbia (Smith), is unique among the Sat
urniidae due to its Canadian Zone distribution and its presumed dependence on a single
larval host, the eastern larch or tamarack, Larix laridna (Du Roi) K. Koch (Ferguson
1972). Existing distributional data (Sweadner 1937, McGugan 1958, Collins and Weast
1961, Ferguson 1972, Kohalmi and Moens 1975) indicate that columbia occurs in a rather
narrow band extending from Nova Scotia through Ontario to eastern Manitoba, ranging
southward in boggy areas of Maine, Michigan, and Wisconsin. New distributional data
obtained in Wisconsin since 1975 are presented here, along with records of adult t1ight
activity, previously not available since relatively few specimens have been collected as
adults (Ferguson 1972).
Historically, columbia may have been known from Wisconsin for at least 80 years.
Holland (1903) briefly noted that the moth ranged from Maine to Wisconsin. The source
of his information remains unknown, as do any specimens he may have seen. The
Lincoln, Ozaukee, and Vilas County records cited by Collins and Weast (1961) and
repeated by Ferguson (1972) were provided by the late William E. Sieker (W. E. Sieker,
pers. comm.). Holdings of the Milwaukee Public Museum include one male from Eagle
River, Vilas County, and five males from the Cedarburg Swamp, Ozaukee County. More
recently, larvae of columbia were found on larch in a Douglas County bog by Mike
Wagner (1. M. Scriber, pers. comm.).
MATERIALS AND METHODS
The survey technique utilized the interspecific attractancy of the genus llyalophora
noted by Sweadner (1937) and subsequent workers. Virgin cecropia females were placed
in specially designed moth traps and set out in tamarack bog habitats to attract columbia
males. Two or sometimes three females were placed in each trap, and the traps were set
out for one- or two-night intervals. The traps were usually placed near the edges of the
bogs, such that the prevailing winds would carry the attractant pheromone into the bogs.
Two types of moth trap have been used successfully. A box trap following the design of
Collins and Weast (1961) was used initially in this survey. It consisted of a screened cage
with an inward-slanting trough-like top made of clear plastic sheeting. A 16-mm
horizontal slot between the top pieces allowed the male moths to enter. A less expensive,
simplified version of the trap used by Collins (1973) was used extensively in the later
course of this survey. The funnel in later versions was made from 203-mm diameter white

i7119 Hubbard Avenue, Middleton, WI 53562.
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polyethylene funnels, from which the tips were cut off to leave a 76-mm diameter hole in
the bottom. A cylinder of nylon netting was fastened to the top rim of the funnel and tied
shut at its bottom. The traps were hung from tree limbs approximately 1.8 m above the
ground, using a string attached to the rim of the funnel. The female moths were simply
placed inside the net bag without further confinement, unlike the Collins trap in which the
females were suspended above the funnel in a small cage. This limited the catch of males
in most instances; occasionally larger numbers of males were attracted. In one instance,
seven columbia males were caught in a single trap containing two cecropia females. No
female cecropia escaped from these traps; they usually rested quietly underneath the top
edge of the funnel.
RESULTS
Hyalophora columbia has been found in eight additional Wisconsin counties, and is
presently known from 18 localities in 12 counties, predominantly in the north-central
region. (Fig. 1) The pitted glacial outwash topography distinguishes this area from other
parts of Wisconsin, as it is peppered with numerous lakes and potholes, favoring the
development of numerous and often very large tamarack bogs. The large number, close
proximity, and often great size of these bogs undoubtedly permit columbia to be found
more frequently here than elsewhere in the northern half of Wisconsin. It is of interest that
the subarctic Satyrid butterfly Oeneis jutta ascerta Masters and Sorensen (the jutta arctic)
ranges further southward than columbia, occurring in bogs surveyed in Monroe and Wood
counties. These areas are among the southernmost remnants of the Canadian Zone in
Wisconsin. Abundant stands of tamarack exist there, as welI as in isolated pockets in the
southeastern section of the state, indicating that the range of columbia is not limited by the
foodplant.
The emergence of columbia has been recorded as early as 17 May (1977), and its latest
date of capture is 30 June (1948). The peak flight occurs during the second week of June
in most years; the majority of captures have been made between 5 and 17 June. The May
record given above is most unusual. The spring of 1977 was abnormally hot, causing
many other species of Lepidoptera to emerge up to three weeks before normal. Data
obtained in 1982 indicate the flight season extends up to 23 days; the dates ranging from 5
to 28 June. The first emergence of two common northern Sphingidae, Sphinx poecila
(Stephens) and the big poplar sphinx, Pachysphinx modesta (Harris), may be used as an
indicator of the onset of the columbia flight period.
The survey results indicate that both columbia and cecropia adults occur together in the
same localities and at the same time. Data from the Oneida County locality, which has
been surveyed fairly regularly for tive consecutive years, indicate that cecropia emerges
as much as two weeks before columbia. Although the two species often occur together,
natural hybrids are apparently very rare. The occurrence of hybrids in zones of contact or
overlap was discussed by Sweadner (1937), Collins and Weast (1961), and Ferguson
(1972). The predominant characteristic of a columbia-cecropia hybrid is the presence of
any red scaling beyond the white postmedian line on the upper surfaces of the wings. Pure
columbia stock has no red scaling in that area, while cecropia often has a very striking
solid red band. Hybrids reared in 1977 were intermediate to the parent species in size and
appearance, with variation in red scaling ranging from a thin, well-defined line to a wide
area of diffuse, scattered red scales, as seen in Figure 2, bottom row.
Nearly all of the 45 specimens of columbia examined appeared to be typical in pattern
and coloration, as shown in Figure 2, top row. A few specimens from Vilas, Oneida, and
Price counties are unusual in that the discal spot of the forewing is obsolete. Two of these
appear in Figure 2, middle row. Only two specimens appeared to be of hybrid origin. The
most striking of these is in the Milwaukee Public Museum, collected in the Cedarburg
Swamp on 29 June 1935. This specimen has a thin but strong red band beyond the
postmedian line on both the forewings and hindwings, indicating that it is very likely an
FI hybrid. Another specimen, taken in Iron County on 14 June 1980, appears much like
typical columbia, except for being a bit larger than usual and exhibiting diffuse red scaling
postmedially. Its appearance suggests that it is a number of generations removed from its
cecropia ancestry.
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Fig. I. Distribution of H. columbia and H. cecropia in Wisconsin.

The low incidence of natural hybrids indicates that some type of isolating mechanism is
at work, but its nature remains unclear and speculative. The time of attraction and mating
is reported to be the same in both species (Sweadner 1937, Collins and Weast 1961).
Observations made in Oneida County in 1977 indicate that columbia males are attracted to
cecropia females (and to ultraviolet collecting lights) in the hours just before sunrise,
between 300 and 500 hrs, the same time period given in the literature for cecropia.
Possibly attraction and mating occur at an unusual time in native northern Wisconsin
cecropia, as observed on 3 June 1972, when five cecropia males were attracted to caged
cecropia females from dusk to 2230 hrs in a boggy area in Tomahawk Township, Lincoln
County. H. columbia females may have a greater low-temperature tolerance than cecropia
females, allowing them to remain active in cold bog habitats too severe for cecropia. This
variation in cold tolerance has been observed at 2000 m in the Rockies, where
Hyalophora gloveri (Strecker) females remained active and mated, while midwestern
cecropia females were immobilized by the cold (Michael M. Collins, pers. comm.).
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Fig. 2. Typical Wisconsin Hyalophora columbia (top), H. columbia with obsolete discal spot
(middle), reared H. columbia-cecropia hybrids (bottom).

The evidence accumulated indicates that columbia should occur in many tamarack bogs
in the northern third of Wisconsin, and that its populations remain quite viable in this area.
The low number of previous records reflects a lack of collecting in the region, rather than
actual rarity. Thc species has likely been little affected there by human activities or larch
sawfly outbreaks. H. columbia has not been reported from the Cedarburg Swamp, its
southernmost state locality, since 1935, and possibly may no longer occur there due to
urban encroachment adversely affecting the remaining protected area. It is hoped this
paper will encourage others to look for columbia in neighboring states, and to continue
studying the species, to gain a better understanding of its isolating mechanisms and
ecological needs.
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BOOK REVIEW
THE WORLD OF THE TENT-MAKERS. A natural history of the eastern tent caterpillar.
V. G. Dethier. University of Massachusetts Press, Amherst, MA 01002. 1980. 148
pages, $12.50 (cloth), $5,95 (paper).
This book is small in size, but large in stature, a simply eloquent narrative on the
encounters of genes; a look at the problems and solutions evolved by the eastern tent
caterpillar in getting from one year to the next. If anything can be criticized, it has to be
the title, since it gives the impression that here is simply another account of the natural
history of the eastern tent caterpillar. This is far from tne whole truth, as anybody who
knows Dethier's writings will know. What isn't conveyed is the faScinating style and the
message of Dethier; the way he blends facts about the eastern tent caterpillar and the
mysteries and problems of all life into a philosophical perspective of the universe that ends
With the question: Why? This is a book that you won't put down, and that all should read,
more than once.
Frederick W. Stehr
Department of Entomologv
Michigan State UniversityJ

1983

THE GREAT LAKES ENTOMOLOGIST

73

HOST-FEEDING BEHAVIOR OF -rHE HOUSE MOSQUITO
CULEX PIPIENS IN NORTHWEST OHIO
(DIPTERA: CULICIDAE)
C. Lee Rockett I and Donald A. Somers2

ABSTRACT
The human-biting behavior of Culex pipiens was investigated in northwest Ohio. The
biting studies were conducted by exposing a human volunteer for 33 h at ground and 10-m
height levels in a field area which contained sizeable populations of C. pipiens. No
significant feeding on humans was noted and only a single specimen of C. pipiens was
observed to attempt feeding. Concurrent light trap data revcaled a definite stratification
preference for C. pipiens at the lO-m height level. In the laboratory, caged C. pipiens
were allowed to feed on humans (l2-h period) with no positive results. Other caged
specimens fed readily on a house sparrow.

In the United States, mosquitoes in the Culex pipiens complex are considered to be
important vectors in promoting urban epidemics of St. Louis encephalitis (SLE). St. Louis
encephalitis is undoubtedly the most important arthropod-borne virus in the U.S. Since its
discovery in 1933, an estimated 10,000 cases and 1000 deaths have been attributed to the
disease (Shroyer 1982). The disease exists primarily as an infection of birds transmitted
by mosquitoes. Humans apparently acquire the infection from mosquitoes which have
previously fed on infected birds. Human cases typically occur in late summer (CDC
1977). The Culex pipiens complex consists of Culex pipiens pipiens L. (northern house
mosquito) and Culex pipiens quinquefasciatus Say (southern house mosquito); they are
closely related and difficult to separate. One or both of these mosquito subspecies is found
in every state (CDC 1977) with C.p.pipiens and c.p.quinquefasciatus being primarily
found in the northern and southern United States respectively. House mosquitoes breed
prolifically in artificial containers and may commonly be found in storm sewer catch
basins, street gutters, rain barrels, tin cans, and other sources.
Numerous studies have been conducted on the C. pipiens complex to determine
host-vector relationships and to subsequently better elucidate the epidemiological role of
the mosquito with SLE. A great amount of variation in host preferences has been
exhibited by this species. Reeves and Hammon (1944), Tempelis and Reeves (1964),
Tempelis et al. (1967), Ekis (1971), Spielman (1971), and MagnareIli (1977) all provided
evidence that members of the C. pipiens complex are primarily avian feeders. Tempelis
(1975) concluded that C.p .pipiens prefers birds and C.p .quinquefasciatus feeds readily on
both birds and mammals. Edman and Downe (1964) reported that Culex pipiens females
in Kansas fed more commonly on cattle than birds. In Delaware, Murphey et a!. (1967)
stated that members of C. pipiens fed on seven species of small mammals. Ekis and
Hagmann (1968) demonstrated differences between avian and mammalian preferences in
different parts of a single state, New Jersey. It has even been suggested by Means (1968)
that on Long Island, N.Y .. there is an ornithophilic farm population and also a woodland
population of C. pipiens that readily attacks humans. Tempelis and Reeves (1964)
reported some feeding on humans by C. pipiens in Colorado and Illinois. Spielman (1971)
reported a small number of human feedings by C. pipiens in Massachusetts. In his review
of Thomas Monath's recent book St. Louis Encephalitis, Shroyer (1982) stated that
omission of any discussion on host preferences of C. pipiens is annoying. Major outbreaks
Derlartment of Biological Sciences, Bowling Green State University, Bowling Green, OH 43403.

County Board of Health, 112 Hamilton Ave., Cleveland. OH 44114.
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of SLE in the Great Lakes states have traditionally been attributed to C. pipiens
transmission; however, significant human-biting has never been demonstrated in these
areas, Shroyer further stated that this gap in our understanding of SLE transmission
deserved mention,
The purpose of this study was to investigate the host-feeding behavior of C.p,pipiens,
particularly on humans, in a Great Lakes area. The specific site chosen was Bowling
Green, Ohio, which is located in the northwest comer of the state. In this area, C, p.
pipiens is a very common mosquito species. Hereafter in this paper, C. p. pipiens will
simply be referred to as C. pipiens.
MATERIALS AND METHODS
The study was conducted during August and early September of 1980 and 1981 in a
field area located on the outer city limits of Bowling Green. The OA-ha study area
consisted primarily of tall grasses with a 75-m row of mature elm trees bordering a portion
of the field. The area was chosen because of the presence of numerous pools of shallow
water which contained large populations of housc mosquitoes. The biting studies were
conducted by utilizing a human volunteer who was positioned within the elm tree area at
both ground and lO-m height level. Biting studies were done at both ground and lO-m
level to account for any vertical stratification preferences that might be displayed by C.
pipiens. Illumination was provided by placing a small battery-operated light (containing
two D-size batteries) direetly above the human host. Host-seeking mosquitoes were
eollectcd by having the volunteer constantly expose his arm and subsequently aspirate any
mosquitoes seeking a blood meal. The mosquitoes were not aspirated until they were
actually seen probing into the host's arm. Host exposure times were set so as to provide a
sampling of I-h increments from 2100 to 0700 hrs. Some hours were repeated which
resulted in 33 h (13 different nights) of field exposure under average climatic conditions.
This included 7 h at ground level and 6 h at the lO-m level prior to 1200 hrs; 7 h of
exposure at ground level and 13 at the 10-m level occurred after 1200 hrs. Since the
purpose of this study was to evaluate host-feeding choices of C. pipiens and not to
evaluate feeding frequency at different times, no attcmpt was made to insure that all hours
were repeated the same number of times. For example, host exposure during the hours
from 0100 to 0200 hrs. (lO-m level) was repeated four times while some hours and
clcvations were not repeated at all. Mitchell and Rockett (1979) and Mitchell (1981) have
shown that house mosquitoes display pronounced activity at certain times and elevations.
Upon conclusion of a host exposure period, all aspirated individuals were taken to the
laboratory for counting and identification.
As an aid in monitoring adult mosquito activity, light traps (CDC type) baited with CO2
were twice utilized (early and late August, 1980) at ground level and the lO-m level. On
two other nights in late August and early September, light traps were placed only at the
lO-m level to monitor C. pipiens activity. The traps were placed within the row of elm
trees bordering the study area and were used on nights when host exposure studies wcre
also being conducted. The light traps wcre operated continuously from 2100 to 0700 hrs.
Fcmale mosquitoes which were caught in the light traps were taken to the laboratory for
counting and identification. In addition to utilizing light traps as an aid in determining that
a substantial number of C. pipiens was actually present within the study area during the
human-biting exposure periods, breeding areas were also checked (weekly) for the
prcsence of house mosquito larvae. Ordinarily, house mosquitoes migrate only short
distances (CDC 1977).
To further evaluate the feeding behavior of C. pipiens females, larval specimens were
collected in the study area and subsequently maintained in the laboratory until molting to
adult had occurred. Approximately 72 h after molting to adult had occurred and ample
time had been provided for sc1erotization of the mouthparts, 40 females were placed in a
screened cage (45 by 30 by 30 cm) containing a living but immobilized house sparrow
(Passer domesticus). Another 40 females were placed in a separate cage which was
similar to the bird cage but contained a one-way opening for the placement of a human
arm. Both the sparrow and human arm were exposed to the mosquitoes for a total
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uninterrupted period of 12 h at approximately 25°C. Since C. pipiens is normally active
only at night (CDC 1977), the 12-h exposure period was done overnight. Upon conclusion
of the exposure period, the mosquitoes (while still in their cage) were briefly chilled at
SOC to reduce mobility and the number of blood-fed (engorged) mosquitoes were
subsequently counted.
RESULTS AND DISCUSSION
During the study, a total of 177 mosquitoes seeking a human blood meal were collected
(Table I). The vast majority (169 or 95.5%) were Aedes vexans (Meigen), the floodwater
mosquito (Table I). In the Bowling Green area, this mosquito and C. pipiens are widely
acknowledged to be two of our most common mosquito species. Of the five remaining
specimens, six (3.4%) were Aedes dorsalis (Meigen), one (0.56%) was Anopheles
punetipennis (Say), and one (0.56%) was Culex pipiens. It should be mentioned that A.
dorsalis and A. punctipennis are not commonly encountered mosquitoes in the Bowling
Green area. For example, an independent 1980 city survey of adult mosquitoes present
during the summer months included no A. punctipennis specimens and only 0.03% were
A. dorsalis. Culex pipiens comprised 43% of the total collected. In our study, all
mosquitoes seeking a blood meal were collected at ground level except for 16 specimens
of A. vexans. One hundred and sixty-three mosquitoes (92% of the total) were collected
prior to midnight and 157 of those were collected at ground level. The authors were
surprised at the relatively low numbers of A. vexans mosquitoes found feeding on man
after midnight; however, A. vexans has been reported to have peak activity periods. In
Illinois, Horsefall et al. (1973) utilized time-segregative light traps and determined that
during September, 80% of A. vexans were trapped before midnight. A similar situation
may exist in northwest Ohio.
A total of 611 mosquitoes were collected in the CDC light traps which were placed at
ground and lO-m levels for comparative purposes (Table 2). A total of 339 and 272
specimens were collected at the ground and 1O-m levels respectively (Table 2). At ground
level, 300 (88%) were A. vexans and 24 (7%) were C. pipiens. Repeating the procedure at
the 10-m level resulted in 73 (27%) A. vexans and 197 (72%) C. pipiens. The additional
two light traps which were simply placed at the 10-m level resulted in the trapping of 38
and 42 specimens of C. pipiens and five and four specimens of A. vexans. The preference
of C. pipiens and A. vexans for high and low levels respectively closely conforms to
previous studies by Mitchell and Rockett (1979) and Mitchell (1981). Utilizing a light trap
capable of segregating mosquito collections according to a time interval on a single night,
Mitchell (1981) also determined that C. pipiens populations found in northwest Ohio were
most active after midnight and that the greatest number of specimens were collected
between 0100 and 0200 hrs. and 0300 and 0400 hrs. The results were obtained from 21
trap-nights.
Table I. Mosquitoes attempting to feed on humans.

Time of
Collection

Pre-l200 hrs.
Post-I200 hrs.

Elevation
ground (7)a
(6)
10
ground (7)
(13)
10m

Aedes
vexans

149"
6

4
to

Aedes
dorsalis

Culex
pipiens

Anopheles
punctipennis

6

1

0
0
0

0
0
0

1
0
0
0

'Indicates number of I-h block repetitions. Repetitions were conducted so as to cover all hours
(ground and to-m levels) from 2100 to 0700 hrs. with some hours being repeated.
bIndicates number of individuals.
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Table 2. Light trap collections of mosquitoes at two elevations."
Elevation
Ground
10m

Ground

10m

U

Species

No. of Specimens

Aedes vexans
Culex pipiens
Aedes dorsalis
A. vexans
C. pipiens
Anopheles quadrimaculatus

52

A. vexans
C. pipiells
Psorophora columbiae
A. quadrimaculatus
A. vexans
C. pipiens
P. columbiae

II

4
18
67
1
248
13
8
3
55
130
I

All collections done in August 1980.

In the laboratory, no caged C. pipiens were observed to feed on humans during the 12-h
exposure period. Engorgement was not noted in a single mosquito. Of the 40 mosquitoes
placed in an alternate cage containing the house sparrow, 22 (55%) of the mosquitoes
engorged.
The results of this study would indicate that C. pipiens, during the peak SLE season of
late summer, either will not feed on humans or is not a significant human feeder in this
geographical area. It is tempting to speculate that this mosquito does not commonly utilize
humans as a host in other Great Lakes areas. Thirty-three hours of field exposure by a
human in an area known to harbor large populations of house mosquitoes resulted in only
one specimen of C. pipiens attempting to feed on him. It is also possible that the single
specimen observed in the feeding position would have terminated probing prior to actual
feeding. This single occurrence may simply have been an anomaly. It should be
mentioned that the failure of C. pipiens to be a significant human feeder in this arca would
not completely negate the mosquito's public health importance and involvement in SLE
transmission. If the mosquito can actively carry and transmit the virus to a host, even an
infrequent human biter would be important. Also, since the SLE virus exists primarily as
an infection of birds transmitted by omithophilic mosquitoes such as C. pipiens (CDC
1977), the mosquito is important in promoting amplification of the virus within the bird
population. Amplification within the bird population would facilitate transmission to
humans by "opportunistic" (both bird- and mammal-feeding) mosquitoes.
Additional work is in progress to further delineate the feeding behavior and vector
potential of C. pipiens in the northwest Ohio area.
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FLOWER ASSOCIATIONS OF MIMETIC SYRPHIDAE
(DIPTERA) IN NORTHERN MICHIGAN
G. P. Wald bauer I
ABSTRACT
Collections of specialized (high fidelity) mimetic Syrphidae in northern Michigan
revealed 19 species associated with 18 flowering plants. Almost 97% of these syrphids
were taken on seven plant species or species groups, all with conspicuous white or yellow
blossoms, and all but one with aggregate inflorescences. Pastinaca sativa (Umbelliferae)
is visited by many mimetic syrphids in northern Michigan but by very few in central
Illinois; the opposite is true of Sambucus canadensis (Caprifoliaceae). In northern
Michigan mimetic syrphids exploit a sequence of blossoming plants that more or less
replace each other as the season progresses. The cooling effect of Lake Michigan slows
the development of vegetation and the appearance of mimetic. syrphids along the shore by
over two weeks as compared to a transect only 6.5 to 17 km inland. Because of the
normally cooler temperatures in northern Michigan, syrphids appear on flowers later in
the day and remain there longer than they do in central Illinois.

Syrphidae that are specialized (high fidelity) mimics of aculeate Hymenoptera occur
mostly in spring, when their hymenopteran models are least abundant, rather than from
mid- to late summer when their models are the most abundant. This seemingly
paradoxical phenology is adaptive because the mimics in this way avoid the severe
threat in mid-summer when young birds that have not yet learned to avoid stinging
Hymenoptera leave the nest to forage on their own (Waldbauer and Sheldon 1971,
Waldbauer et at. 1977). Mimicry is effective in spring because migratory birds return with
their avoidance response to stinging Hymenoptera intact (Evans and Waldbauer 1982).
The blossoming plants that are exploited by mimetic syrphids for pollen and nectar are
thus of particular interest because their phenologies affect the phenologies of the mimics,
and because identifying these plants is a prerequisite to devising an efficient sampling
procedure to determine the seasonal distribution of the mimics.
The literature on the flower associations of Syrphidae (see Weems 1953, Maier and
Waldbauer 1979b, Gilbert 1981, Owen 1981) is scattered and includes relatively little
information on North American Eristalinae ( Milesiinae), the subfamily that includes
most of the specialized mimics. Many associations of mimetic syrphids and flowering
plants can be extracted from Robertson's (l928a) voluminous data from southern Illinois.
Weems (1953) cited some of the older literature and listed plants on which syrphids are
generally collected. Maier and Waldbauer (l979a,b) presented quantitative data on the
flowers visited by several mimetic eristaline Syrphidae. Many Syrphidae feed on both
nectar and pollen (Gilbert 1981), and in some species pollen has been shown to be
necessary for normal ovarian development (Schneider 1948, Maier 1978).
The data from northern Michigan presented here concern a group of little studied, high
fidelity mimetic Syrphidae that are particularly numerous in the ecotone between the
boreal and deciduous forests. The phenological relationships of these syrphids with their
models, insectivorous birds, and flowering plants are especially interesting because of the
phenological compression resulting from the shortness of the growing season in this area.
These data are part of a phenological study of high fidelity syrphid mimics of
bumblebees or vespoid wasps as defined by Waldbauer and Sheldon (1971) and Wald
bauer et at. (1977). Bumblebee mimics are defined as having a bumblebee-like color
'Department of Entomology, University of Illinois, Urbana, IL 61801.
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pattern and being at least moderately pilose. Few syrphids other than bumblebee mimics
are moderately to heavily pilose. Vespoid mimics are defined as having a vespoid-Iike
color pattern as well as one or both of the following: (1) a band of brown pigment along
the costal margin of the wing in imitation of the furled vespoid wing; (2) lengthened
antennae or the use of the forelegs to mimic the long dark antennae of the wasps. With few
exceptions non-mimetic or bumblebee-mimicking Syrphidae have the short antennae
typical of the cyclorrhaphous Diptera (Waldbauer 1970). They do not use the legs to
mimic antennae, and they do not have a brown costal band.
MATERIALS AND METHODS
Collections were made at three sites in northern Michigan that are easily located on the
Michigan Transportation Commission's county highway maps. Emmet County, at the tip
of the Lower Peninsula, includes two sites: (I) the Reed Road site is a 10.5 km transect
just west of Highway 31, running south along Reed Road from near Carp Lake to about 5
km north of Pellston. It includes clearings, side roads and an abandoned railway within I
km on either side of Reed Road; (2) the Wilderness site, on' the Lake Michigan shore
about 6.5 km southwest of Mackinaw City, runs west from French Farm Creek for about
2.5 km along Wilderness Park Drive. Mackinac County, in the Upper Peninsula just
across the Straits of Mackinac from Emmet County, includes the third site. a I-km length
of Round Lake Road about II km northwest of Evergreen Shores. These sites are
characterized by second growth stands of mixed conifers and non-coniferous trees on the
uplands and by spruce-tamarack bogs on the lowlands.
In 1982 samples were taken with a hand net on 15, 16, and 22 May, on every clear or
partly clear day from 2 June to 18 August, and on 25 August and 4 September. Collections
were made at the forest edge along roadsides, clearings, and the abandoned railway.
Every plant in blossom was checked several times to determine if it attracted mimetic
syrphids. Those that did were regularly sampled. Sampling usually began in early
morning before syrphids had started to visit flowers and continued until the number of
syrphids present diminished, usually from early to mid-afternoon. Every high fidelity
mimic seen was pursued; about 75% were caught. The syrphids were identified by the
author. Voucher specimens are held in his collection. Voucher specimens of the plants are
held by the herbarium, Department of Botany. University of lIIinois. Air temperature and
percent relative humidity were measured in the shade at breast height with a motor driven
psychrometer.
RESULTS AND DISCUSSION
Collections of 19 species of high fidelity mimetic Syrphidae were made (Table I). Four
species, Eristalis barda, Mallota bautias, M. posticata, and Volucella bombylans, are
bumblebee mimics; the others mimic various vespoid wasps. One bumblebee mimic,
Eristalis bastardii Macquart, was not collected quantitatively. It was scarce at Reed Road
but common at the Wilderness site around Physocarpus opulifolius. It was much more
difficult to collect than any of the other mimics because, rather than visiting the upper
portions of these shrubs, it darts among the ground cover plants at the bases of the shrubs
and visits mostly low P. opuliJvlius blossoms partly hidden by the ground cover.
Including this species in the study would have greatly decreased the catch of all mimics.
Mimetic Syrphidae were collected from 18 species or species groups of blossoming
plants, but almost 97% (941 specimens) were associated with the seven listed in Table 1.
Cornus alternifolia was also attractive to mimetic syrphids but is poorly represented in the
collections (seven specimens) because only two individuals of this plant species were
found. Twenty-four specimens were taken from the following plants: Clematis virginiana
L., Cornus rugosa Lam .• Eupatorium macula tum L., Nasturtium officinale R. Br.,
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Table I. Number of mimetic Syrphidae taken on or near the blossoms of the indicated
plants during the summer of 1982. All collections from the Reed Road, Wilderness, and
Round Lake Road sites are included.
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Prunus vlrgmwna L., Rhus glabra L, Salix bebbiana Sarg., Spiraea alba DuRoi,
Verbascum thapsus L., and Viburnum lentago L.
The blossoms of the major host plants (Table I) all have neetar or pollen readily
accessible to Syrphidae with relatively short mouthparts. The blossoms of the spring and
early summer plants are white, while those of the late summer plants are yellow Crable 1).
Except for Anemone canadensis, all of them have large and very conspicuous aggregate
inflorescences with many small blossoms. The large petal-like sepals of A. canadensis are
also quite conspicuous. The host plants not listed in Table 1 also have more or less readily
accessible nectar or pollen; all are white or yellow except for the yellowish-green Rhus
glabra and the pink Eupatorium maculatum; and all havc conspicuous aggregate in
florescences. Only three of the plants from which syrphids were collected during the
present study are not native; Nasturtium officinale, Pastinaca sativa, and Verbascum
thapsus are all introduced from Europe.
Robertson (1928b) reported that 1165 pollinating visits to flowers by syrphids were
distributed as follows: 58.8% to white, 33.9% to yellow, and 7.2% to red blossoms. He
found that, of 90 syrphid species, only Rhingia nasica Say preferred red blossoms.
Weems (1953) stated that most blossoms visited by syrphids are white, yellow, or green.
Furthermore, most of the syrphid flowers that he listed have conspicuous aggregate
innorescences.
Weems (1953) found that the utilization of a blossoming plant by syrphids may vary
geographically. This is illustrated by a comparison of Pastinaca sativa and Sambucus
canadensis L. in central Illinois and northern Michigan. In central Illinois P. sativa
blossoms in June when high fidelity syrphid mimics are most abundant, but it attracts very
few of them, although it is visited by many other common syrphids. The paucity of high
fidelity mimics among the syrphid visitors may be due to the fact that this plant seldom
grows near the woodland larval habitats of the mimics, and that it blossoms at the same
time as several native plants that are abundant and highly attractive to mimetic syrphids,
notably Sambucus canadensis and several species of Comus. In contrast, in northem
Michigan P. saliva attracts many high fidelity syrphid mimics (Table I). In this area,
larval habitat for these mimics is widespread, occurring near most stands of P. sativa.
Furthermore, this plant blossoms when other good syrphid flowers are relatively scarce,
after Anemone canadensis has finished blossoming and before the common species of
Solidago have started (Fig. 1). Sambucus canadensis is visited by many high fidelity
mimetic Syrphidae in central Illinois (Maier and Waldbauer 1979a,b) but not in northern
Michigan. In 1980 and 1981, when mimetic syrphids were very abundant in northern
Michigan, a few were taken on S. canadensis, but in 1982, when they were less abundant,
none were found on S. canadensis. In central Illinois, S. canadensis blossoms in June and
early July when high fidelity mimetic syrphids are abundant. In northern Michigan it
blossoms during the last three weeks of July when they are almost absent.
The high fidelity mimetic Syrphidae of northern Michigan are served by a sequence of
blossoming plants that more or less replace each other as the season progresses, the
syrphid population shifting from plant to plant as each passes its blossoming peak (Fig. 1).
Corn us stolonifera, the two Viburnum species, and Anemone canadensis are exploited by
a group of spring and early summer mimics, the most numerous of which are the
Temnostoma listed in Table 1. The Solidago species and Pastinaca sativa are exploited by
a group of late summer mimics that is largely different from the early group in species
composition. Two Spilomyia (Table I) are the most abundant members of the late group.
The late group's mimicry is presumably effective because this group appears after most
young birds of the year have learned to avoid bumblebees and vespoid wasps. Pastinaca
sativa is visited mostly by late mimics but blossoms just early enough to attract the last
few of the early mimics. Anemone canadensis continues to blossom from the period of
peak abundance of the early mimics until July when there is a hiatus between the early and
late mimic groups. Physocarpus opulifolius does not appear in Figure 1 because the Reed
Road site, where it was rare, and the Wilderness site, where it was abundant, are
phenologically different, as discussed below, and are thus not comparable.
At the Wilderness site plants blossomed over two weeks later than at the nearby Reed
Road site (Table 2). The Reed Road site is inland, but the Wilderness site runs along the
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Fig. l. Total numbers of 19 species of mimetic Syrphidae taken daily from their major host plants
along Reed Road during summer 1982. Arrows indicate the appmximate first and last dates of
blossoming of the plant specimens from which flies were collected.

Straits of Mackinac and is at most a few hundred meters from the Lake Michigan shore.
Strommen (1974) stated that there is a pronounced lake effect, with the cold water of
Lake Michigan lowering the air temperature in spring and thus delaying the development
of vegetation along the shore. The lake effect is far less noticeable only a few kilometers
inland. The northern end of the Reed Road transect, about 6.5 km south of the Straits,
differed in blossoming times from the south end of the transect, about 17 km south of the
Straits, by no more than two days. The data given by Strommen (1974) for the weather
stations closest to the Reed Road and Wilderness site (Pellston and Mackinaw City,
respectively) indicate that the lake effect is due mainly to a lower mean daily maximum
temperature along the shore in May and June.
Although the data for the Wilderness and Round Lake Road sites cover only parts of
late June and early July, they indicate that the appearance of mimetic Syrphidae near the
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Table 2. Approximate difference between the Reed Road site and an area along the Straits
of Mackinac (includes Wilderness site) in the peak blossoming dates of several plants.
Delay of peak at
Straits of Mackinac"

Blossom peak
at Reed Road

Prunus virglmana
Syringa vulgaris L.
Viburnum cassino/des
Physocarpus opulifolius
Comus rugosa

(May
June
June
June
June

) 12
16
15
17
16

22
3
19
23 b
24

days
days
days
daysb
days

"All except V. cassinoides were growing on the south shore of the Straits hetween Mackinaw City and
Wilderness State Park. V. cassino ides grew ca. 2.4 km north of the north shore of the Straits at the
Round Lake Road site.
"Refers only to plants growing in partial shade; plants in full sun blossomed about 10 days earlier at
both sites.

Straits of Mackinac is delayed by about as long as is the development of the vegetation.
Mimetic syrphids had almost disappeared from Reed Road by late June and early July, but
they were abundant at the Wilderness site from 28 June to IO July and at the Round Lake
Road site from 2 July to 5 July. The later site is in the Upper Peninsula about 2.4 km north
of Lake Michigan.
Climatic differences cause a difference in the diurnal activity patterns of mimetic
Syrphidae in central Illinois and northern Michigan. In central lllinois the air warms
rapidly after sunrise and there is a corresponding decrease in the percent relative humidity,
subjecting flies to severe hygrothermal stress by late morning. Consequently. except on
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Fig. 2. Number of mimetic Syrphidae caught during the second half of each hour while flying near or
silting on the blossoms or foliage of Physocarpus opulifolius at the Wilderness site on 1 July 1982.
Temperature and percent relative humidity at the beginning of the collecting period are indicated
above each bar.
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unusually cool days, mimetic Syrphidae are active at flowers by 0800 CDT; the number
present peaks by 0900 and then drops abruptly after 1100. Most of them have retreated to
the shady forest by 1200 (Maier and Waldbauer 1979b). In northern Michigan, the
activity schedule at flowers was similar on two or three exceptionally hot days. However,
on most days the air was slow to warm in the morning and even the afternoons remained
cool. Figure 2 shows mimic activity at Physocarpus opu/ifolius on a fairly typical clear
day in Northern Michigan. No flies appeared at the blossoms until 0900 EDT. (On cool
mornings the first mimics seen were sometimes basking in the sun on leaves.) The flies
were abundant by 1000; their numbers did not decline until after 1300. and they were
present in reduced numbers until the air temperature began to drop at about 1700.
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BIBLIOGRAPHIC GUIDE TO THE TERRESTRIAL
ARTHROPODS OF MICHIGAN
Mark F. O'Brienl
ABSTRACT
Papers dealing with distribution, faunal extensions, and identification of Michigan
insects and other terrestrial arthropods are listed by order, and cover the period of 1878
through 1982.

The following bibliography lists the publications dealing with the distribution or
identification of insects and other terrestrial arthropods occurring in the State of Michigan.
Papers dealing only with biological, behavioral, or economic aspects are not included.
The entries are grouped by orders, which are arranged alphabetically, rather than
phylogenetic ally , to facilitate information retrieval. The intent of this paper is to provide a
ready reference to works on the Michigan fauna, although some of the papers cited will be
useful for other states in the Great Lakes region. Publications on the fauna of surrounding
states are not included because they do not focus on the Michigan fauna, and because this
bibliography is not a guide to all the monographs on various groups. Rather, it is a guide
to what has been worked on in the state, and what has not.
Michigan is more diverse in its faunal affinities than many would imagine, and several
entries (Hubbell 1929, Cantrall 1970, Wagner 1977) point this out. Prairie remnants,
boreal coniferous forests, glacial outwash plains, dune systems, bogs, and the Great
Lakes make Michigan an interesting place to study the distribution and ecology of insects.
Although a list of Michigan insects by itself is not a goal to be given top priority, there
is certainly much that can be done with many groups of insects. Much still remains to be
known about the Nearctic fauna, especially for groups such as the parasitic Hymenoptera,
acalyptrate Diptera, and the Curculionoidea. Our knowledge of the distribution of many
groups is often imprecise and usually only general. Publications on the insects of
Michigan would add to our understanding of the Nearctic fauna. The papers most desired
are those that encompass distribution, faunal affinities, ecology, and bionomics, and
contain well-written keys to the taxa. Not everything can be included in all papers, but we
should strive to include as much useful information as possible. Much of this can be
accomplished by serious amateurs and students, as well as professionals. It is hoped that
some of the gaps indicated by this bibliography will be filled by future workers.
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The following Newsletters of the Michigan Entomological Society contain county and
state records for Michigan. To keep the listing as brief and as useful as possible, authors
and tides are omitted. Given is the year, volume, number, pages, and groups covered.
1964.
1965.
1966.
1967.
1967.
1968.
1968.
1969.
1970.
1971.
1971.
1972.
1975.
1978.
1981.
1982.

9(2):6 [Lepidoptera].
10(4):3, 6 [Lepidoptera].
11(2): 12 [Diptera, Lepidoptera].
12(1):8 [Lepidoptera].
12(4):6-8 [Coleoptera, Diptera, Lepidoptera, Odonata, Orthopteraj.
13(2):5 [Lepidopteraj.
13(4):3-4 [Coleoptera, Diptera, Lepidoptera, Orthoptera].
14(3,4):7, 12 [Diptera, Hymenoptera, Lepidoptera, Odonataj.
15(3,4):5, 8, 9 [Lepidoptera].
16(1):4 [Lepidoptera j.
16(2):4 [Lepidoptera].
I7(4):4 [Coleoptera, Lepidoptera].
20(1):1, 7 (Lepidoptera].
23(3,4):4 [Lepidoptera].
26(4):8 [Lepidoptera].
27(3,4):8 [Odonata].
ANOPLURA

Lawrence, W. 11., K. L. Hays, and S. A. Graham. 1965. Arthropodous ectoparasites
from some northern Michigan mammals. Occ. Pap. Mus. Zool. Univ. Michigan
639:1-7.
Wilson, N. and W. J. Johnson. 1971. Ectoparasites of Isle Royale, Michigan. Michigan
Entomol. 4:109-115.
ARACHNIDA
Bixler, D. E. 1969. The tarantula Atypus milberti in Michigan (Araneae: Atypidae).
Michigan Entomol. 2:29-30.
Chickering, A. M. 1932. Notes and studies on Arachnida. II. Araneae from the Douglas
Lake region, Michigan. Pap. Michigan Acad. Sci., Arts and Letters 15:349-355.
1933. Notes and studies on Arachnida. IV. Araneae from the Douglas Lake
region, Michigan, II. Pap. Michigan Acad. Sci., Arts and Letters 17:515-520.
~~-. 1934. Araneae from the Northern Peninsula of Michigan. Pap. Michigan Acad,
Sci., Arts and Letters 17:577-580.
1935. Further additions to the list of Araneae from Michigan. Pap. Michigan
Acad. Sci., Arts and Letters 20:583-587.
~~-. 1936. Families of the spiders of Michigan. Pap. Michigan Acad. Sci., Arts and
Letters 21 :575·586.
~~-. 1939. Anaphaenidae and Clubionidae of Michigan. Pap. Michigan Acad. Sci.,
Arts and Letters 24:49-84.
~~-. 1940. The Thomisidae (Crab Spiders) of Michigan. Pap. Michigan Acad. Sci.,
Arts and Letters 25: 189-237.
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1944. The Salticidae (Jumping Spiders) of Michigan. Pap. Michigan Acad. Sci.,
Arts and Letters 29:139-222.
1952. A revision of families of the spiders in Michigan. Pap. Michigan Acad.
Sci., Arts and Letters 36:119-139.
1963. The Hahniidae (Araneae) of Michigan. Pap. Michigan Acad. Sci., Arts
and Letters 48:65-72.
Chickering, A. M. and G, Bacon. 1933. Notes and studies on Arachnida. V. Additions to
the list of Araneae from Michigan. Pap. Michigan Acad. Sci., Arts and Letters
17:521-528.
Drew, L. C. 1967. Spiders of Beaver Island, Michigan. Pub!. Michigan State Univ. Mus.
3:153-208.
Edgar, A. L. 1966. Phalangida of the Great Lakes region. Amer. MidI. Natur. 75:347
366.
1971. Studies on the biology and ecology of Michigan Phalangida (Opiliones).
Misc. Pub!. Mus. ZooL Univ. Michigan 144:1--64.
Husband, R. W. 1968. Acarina associatcd with Michigan Bombinae. Pap. Michigan
Acad. Sci., Arts and Letters 53:109-112.
Lawrence, W. H., K. L. Hays, and S. A. Graham, 1965. Arthropodous ectoparasites
from some Northern Michigan mammals. Occ. Pap. Mus. Zool. Univ. Michigan
639:1-7.
Manley, G. V, 1969. A pictorial key and annotated list of Michigan pseudoscorpions
(Arachnida: Pseudoscorpionida). Michigan Entomol. 2:2-13.
Prasad, V. 1970. Some tetranychoid mites of Michigan. Michigan Entomol. 3:24-31.
Sauer, R. J. 1970. Poisonous spiders of Michigan. Ext. Bull. Michigan State Univ.
E-674:1-3.
Wilson, L. F. 1967. The northern widow spider. LatrodeCfus variolus (Araneae: Ther
idiidae), in Michigan, Michigan Entomol. 1:147-153.
Wilson, N. and W. 1. Johnson. 1971. Ectoparasites of Isle Royale, Michigan. Michigan
Entomol. 4:109-115.
Wolff, R. J. 1981. Wolf spiders of the genus Pardosa (Araneae: Lycosidae) in Michigan.
Great Lakes Entomo!' 14:63--68.
COLEOPTERA
Adams, C. C. 1909a. The Coleoptera ofIsle Royale, Lake Superior, and their relation to
the North American centers of dispersal. p. 157-203 in Adams, C. C. An ecological
survey of Isle Royale, Lake Superior. Ann. Rept. Michigan Geol. Survey.
1909b. Annotations on certain Isle Royale invertebrates. p. 249-277 in Adams,
C. C. An ecological survey of Isle Royale, Lake Superior. Ann. Rept. Michigan Geol.
Survey.
Andrews, A. W. 1916. Results of the Mershon expedition to the Charity Islands, Lake
Huron: Coleoptera. p. 65-108 in Misc. Pap. on the zoology of Michigan. Michigan
Geol. and BioI. Survey Publ. 20.
1921. The Coleoptera of the Shiras expedition to Whitefish Point, Chippewa
County, Michigan. Pap. Michigan Acad. Sci., Arts and Letters 1:293-340.
Blanchard, F. N. 1921. The tiger beetles (Cicindelidae) of Cheboygan and Emmet
counties, Michigan. Pap. Michigan Acad. Sci .• Arts and Letters 1:396-417.
Reserve, Michigan.
Cantrall, L J, 1965. Phyllophaga at light traps on the E. S.
Pap. Michigan Acad. Sci., Arts and Letters 50:95-103.
Dunn, G. A. 1981. New records of Pasimachus elongatus in Michigan (Coleoptera:
Carabidae: Scaritini). Great Lakes Entomol. 14:206.
1982. Ground beetles (Coleoptera: Carabidae) collected by pitfall trapping in
Michigan small-grain fields. Great Lakes Entomol. 15:37-38.
Gosling, D. C. L. 1973. An annotated list of the Cerambycidae of Michigan (Coleoptera)
Part I. Introduction and the subfamilies Parandrinae, Prioninae, Spondylinae, Asemi
nae, and Cerambycinae. Great Lakes Entomo!' 6:65-84.
1980. An annotated list of the checkered beetles (Coleoptera: Cleridae) of
Michigan. Great Lakes Entomol. 13:65-76.
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Gosling, D. C. Land N. M. Gosling. 1976. An annotated list of the Cerambycidae of
Michigan (Coleoptera) Part n, the subfamilies Lepturinae and Lamiinae. Great Lakes
EntomoL 10: 1-37.
Graves, R. C. 1963. The Cicindelidae of Michigan (Coleoptera). Amer. MidI. Natur.
69:492-507.
- - - . 1969. An Upper Michigan popUlation of Cicindela repanda with reduced elytral
maculae (Coleoptera: Cicindelidae). Coleop. Bul!. 23:86-88.
Hatch, M. H. 1924. A list of Coleoptera from Charlevoix County, Michigan. Pap.
Michigan Acad. Sci., Arts and Letters 4:543-586.
Hickman, 1. R. 1930. Life-histories of Michigan Haliplidae (Coleoptera). Pap. Michigan
Acad. Sci., Arts and Letters 11:399-424.
Hubbard, H. G. and E. A. Schwartz. 1878. The Coleoptera of Michigan. Proc. Amer.
Phil. Soc. 17:593-669.
Lawrence, W. H., K. L Hays, and S. A. Graham. 1965. Arthropodous ectoparasites
from some northern Michigan mammals. Occ. Pap. Mus. ZooL Univ. Michigan
639:1-7.
Puthz, V. 1972. Some Stenus Lair. from Michigan (Coleoptera: Staphylinidae), 107th
contribution to the knowledge of Steninae. Great Lakes Entomol. 5:11-16.
Spilman, T. J. 1973. A list of the Tenebrionidae of Michigan (Coleoptera). Great Lakes
Enlomol. 6:85-91.
WelIso, S. G., G. V. Manley, and 1. A. Jackman. 1976. Keys and notes on the
Buprestidae (Coleoptera) of Michigan. Great Lakes Enlomo!. 9: 1~22.
Wolcott, A. B. 1909. Supplementary list of Isle Royale beetles. p. 204-215 in Adams,
C. C. An ecological survey of Isle Royale, Lake Superior. Ann. Rep!. Michigan GeoL
Survey.
Young, F. N. 1953. A new species of Bidessus from southern Michigan (Coleoptera:
Dytiscidae). Bull. Brooklyn Entomo!. Soc. 43: 111~ 112.
COLLEMBOLA
Snider, R. J. 1967. An annotated list of Collembola (springtails) of Michigan. Michigan
Entomol. I: 179-234.
DlPTERA
Andrews, A. W. 1917. Diptera collected on Whitefish Point, Chippewa County,
Michigan. Occ. Pap. Mus. Zool. Univ. Michigan 53: 1-8.
Baker, N. T. and R. L Fischer. 1975. A taxonomic and ecologic study of the Asilidae of
Michigan. Great Lakes Entomo!. 8:31-91.
Cassani, J. R. and R. G. Bland. 1978. New distributional records for mosquitoes in
Michigan (Diptera: Culicidae). Great Lakes Entomol. 11:51-52.
Hays, K. L 1956. A synopsis of the Tabanidae (Diptera) of Michigan. Misc. PubL Mus.
Zool. Univ. Michigan 98:1-79.
Hine, J. S. 1909. Diptera of the 1905 University Museum expedition to Isle Royale. p.
308-316 in Adams, C. C. An ecological survey of Isle Royale, Lake Superior. Ann.
Rept. Michigan GeoL Survey.
Irwin, W. H. 1941. A preliminary list of the Culicidae of Michigan. Part L Culicinae
(Diptera). Entomo!. News 52:IOI~105.
1943. The mosquitoes of three selected areas in Cheboygan County, Michigan.
Pap. Michigan Acad. Sci., Arts and Letters 28:379-396.
Matheson, R. 1924. The Culicidae of the Douglas Lake region (Michigan). Canadian
Entomo!. 56:289-290.
Merritt, R. W., D. H. Ross, and B. V. Peterson. 1978. Larval ecology of some Lower
Michigan black flies (Diptera: Simuliidae) with keys to the immature stages. Great
Lakes Entomo!. 11:177-208.
Obrecht, C. B. 1949. Notes on the distribution of Michigan mosquitoes (Diptera,
Nematocera). Amer. MidI. Natur. 41:168-173.
- - - . 1967. New distributional records of Michigan mosquitoes, 1948~1963. Michi
gan EntomuL 1:153~158.
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Rogers, J. S. 1918. A collection of Tipulidae from Schoolcraft County, Michigan. Occ.
Pap. Mus. ZooL Univ. Michigan 55: 1-4.
1942. The crane flies (Tipulidae) of the George Reserve, Michigan. Misc. PubL
Mus. ZooL Univ. Michigan 53:1-128.
Roth, 1. C. 1967. Notes on Chaoborus species from the Douglas Lake region, Michigan,
with a key to their larvae (Diptera: Chaoboridae). Pap. Michigan Acad. Sci., Arts and
Letters 52:63-68.
Sabrosky, C. W. 1944. A mosquito survey of southern Michigan. J. Econ. Entomol.
37:312-313.
- - - . 1946. Occurrence of malaria mosquitoes in southern Michigan. Michigan State
Coil. Agric. Expt. Sta. Tech. Bull. 202:1-50.
,
Steyskal, G. C. 1941. A new species of Euparyphus from Michigan (Diptera, Stra
tiomyidae). BulL Brooklyn Entomo!. Soc. 36:123-124.
- - - . 1949. New Diptera from Michigan. Pap. Michigan Acad. Sci., Arts and Letters
33:173-180.
- - - . 1972. New and little-known Agromyzidae from Michigan (Diptera: Acalyptra
tae). Great Lakes Entomo!. 5:1-10.
Wallace, R. C. 1960. Mosquitoes collected in the vicinity of Marquette, Michigan, during
the summer of 1959. Illinois State Acad. Sci. Trans. 53:46-47.
Wilson, N. and W. J. Johnson. 1971. Ectoparasites of Isle Royale, Michigan. Michigan
Entomo!. 4:109-115.
EPHEMEROPTERA
Leonard, J. W. 1950. A new Baetis from Michigan (Ephemeroptera). Ann. Entomo!.
Soc. Amer. 43:155-159.
Leonard, 1. W. and F. A. Leonard. 1962. Mayflies of Michigan trout streams. Cranbrook
Inst. Sci. Bul!. 43:1-139.
Steven, 1. C. and W. L. Hilsenhoff. 1979. Amen'opus neavei (Ephemeroptera: Ametropo
didae) in the Upper Peninsula of Michigan. Great Lakes Entomo!. 12:226.
HEMIPTERA
Dood, S. B. and A. Kurta. 1982. New records for ectoparasites of Michigan bats. Great
Lakes Entomo!. 15:217-218.
Hussey, R. F. 1919. The waterbugs (Hemiptera) of the Douglas Lake region, Michigan.
Occ. Pap. Mus. Zoo!. Dniv. Michigan 75:1-23.
- - - . 1922. Hemiptera from Berrien County, Michigan. Occ. Pap. Mus. Zoo\. Dniv.
Michigan 118:1-39.
Lawrence, W. H., K. L. Hays, and S. A. Graham. 1965. Arthropodous ectoparasites
from some northern Michigan mammals. Occ. Pap. Mus. Zool. Dnlv. Michigan
639:1-7.
McPherson, 1. E. 1970. A key and annotated list of the Scutelleroidea of Michigan
(Hemiptera). Michigan Entomol. 3:34-63.
1979. Additions and corrections to the list of Michigan Pentatomoidea (Hemip
tera). Great Lakes Entomol. 12:27-29.
Schuh, T. 1967. The shore bugs (Hemiptera: Saldidae) of the Great Lakes region. Contr.
Amer. Entomol. Inst. 2: 1-35.
Steyskal, G. C. 1938. Unusual pentatomid records. Bull. Brooklyn EntomoL 33:201.
Stoner, D. 1922. The Scutelleroidea of the Douglas Lake region. Univ. Iowa Stud. Natur.
Hist. 10:45-65.
Townsend, C. H. T. 1890. Hemiptera collected in southern Michigan. Proc. Entomol.
Soc. Washington 2:52-56.
HOMOPTERA
Alexander, R. D., A. E. Pace, and D. Otte. 1972. The singing insects of Michigan. Great
Lakes EntomoL 5:33-69.
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Hanna, M. 1967. The life history of Philaenus abjectus Uhler in Miehigan (Homoptera:
Cercopidae). Pap. Michigan Acad. Sci., Arts and Letters 52:69-76.
1970. An annotated list of the spittlebugs of Michigan (Homoptera: Cercopidae).
Michigan Entomo!. 3:2-16.
Hanna, M. and T. E. Moore. 1966. The spittlebugs of Michigan (Homoptera: Cercopi
dae). Pap. Michigan Acad. Sci., Arts and Letters 51:39-73.
Moore, T. E. 1966. The cicadas of Michigan (Homoptera: Cicadidae). Pap. Michigan
Acad. Sci" Arts and Letters 51:75-94.
Taboada, O. 1964. An annotated list of the Cicadellidae of Michigan. Quart. Bull.
Michigan Agric. Expt. Sta. 47:113--122.
1979. New records of leafhoppers (Homoptera: Cicadellidae) for Michigan,
including a vector of x-disease. Great Lakes Entomol. 12:99-100.
1982. First report of the leafhopper Graminella jitchii for Michigan (Homoptera:
Cicadellidae). Great Lakes Entomo!. 15:223.
Voegtlin, D. 1982. The distribution and spread of Hyadaphis tataricae (Homoptera;
Aphididae) in the north-central states with notes on its hosts, biology, and origin. Great
Lakes EntomoL 15:147-152.
HYMENOPTERA
Butcher, F. G. 1933. Hymenopterous parasites of Gyrinidae with descriptions of new
species of Hemiteles. Ann. Entomo!. Soc. Amer. 26:76-85.
Carlson, R. W. 1966. A new Nearctic Triclistus (Hymenoptera: £ehneumonidae). Michi
gan Entomo!. 1:20-22.
Cockerell, T. D. A. 1916. Bees from the Northern Peninsula of Michigan. Occ. Pap.
Mus. Zoo!. Univ. Michigan 23:1·-10.
Dreisbach, R. R. 1943. The genus Vespula (Hymenoptera, Vespidae) in Michigan, with
keys and distribution. Pap. Michigan Acad. Sci., Arts and Letters 28:323-329.
1944. The thread-waisted wasps (Hymenoptera-Sphecinae) of Michigan, with
keys and distribution. Pap. Michigan Acad. Sci., Arts and Letters 29:265-275.
1945. The green halictine bees of the genera Agapostemon, Augochlora,
Augochlorella, and Augochloropsis (Hymenoptera: Apoidea) in Michigan, with keys
and distribution. Pap. Michigan Acad. Sci., Arts and Letters 30:221-227.
1947. The genera Aphilanthops, Oclocletes, and Philanthus (Hymenoptera,
Philanthidae) in Michigan, with keys and distribution. Pap. Michigan Acad. Sci., Arts
and Letters 31:141-145.
- - - . 1948a. Keys to the subfamilies and tribes of Pompilidae (Hymenoptera: Ves
poidea) in North America and to the genera in Michigan. Pap. Michigan Acad. Sci.,
Arts and Letters 32:239-247.
1948b. The genera Ceropales, Calicurgus, and Allocyphonyx (Hymenoptera:
Pompilidae) in Michigan, with keys and distribution. Pap. Michigan Acad. Sci., Arts
and Letters 32:249-250.
1951. The family Bembecidae (Hymenoptera: Sphecoidea) in Michigan, with
keys to the genera and species of the state and distribution records. Pap. Michigan
Acad. Sci., Arts and Letters 35:101-107.
Dunn, G. A. 1980. The introduced yellowjacket in Michigan. News. Michigan Entomol.
Soc. 25(2&3): 1,3.
Gaige, F. M. 1914. Results of the Mershon expedition to the Charity Islands, Lake
Huron-The Formicidae of Charity Island. Oee. Pap. Mus. Zooi. Univ. Michigan
5:1-29.
1916. The Formicidae of the Shiras expedition to Whitefish Point, Michigan, in
1914. Occ. Pap. Mus. Zoo!. Univ. Michigan 25:1-4.
Husband, R. W. and T. M. Brown. 1976. Insects associated with Michigan bumblebees
(Bombus spp.). Great Lakes EntomoL 9:57-62.
Husband, R. W., R. L. Fischer, and T. W. Porter. 1980. Description and biology of
bumblebees (Hymenoptera: Apidae) in Michigan. Great Lakes EntomoL 13:225-239.
Milliron, H. E. 1939. The taxonomy and distribution of Michigan Bombidae, with keys.
Pap: Michigan Acad. Sci., Arts and Letters 24:167-182.
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Talbot, M. 1973. Five species of the ant genus Acanthomyops (Hymenoptera: Formici
dae) at the Edwin S. George Reserve in southern Michigan. Great Lakes Entomo!.
6:19~22.

- - - . 1975. A list of the ants (Hymenoptera: Formicidae) of the Edwin S. George
Reserve, Livingston County, Michigan. Great Lakes Entomo!. 8:245-246.
Titus, E. G. 1909. An annotated list of Isle Royale Hymenoptera. p. 317-323 in Adams,
C. C. An ecological survey of Isle Royale, Lake Superior. Ann. Rept. Michigan Geo!.
Survey.
Torgerson, T. R. 1972. A Perithous (Hymenoptera: Ichneumonidae) introduced from
Europe. Great Lakes Entomo!. 5:99.
Wheeler, W. M. 1909. The ants of Isle Royale, Michigan. p. 325328 in Adams, C. C.
An ecological survey of Isle Royale, Lake Superior. Ann. Rept. Michigan Geo!.
Survey.
ISOPTERA
Behr, E. A. 1973. Termite distribution in Michigan. Great Lakes Entomo!. 6:107-120.
LEPIDOPTERA
Badger, S. F. 1958. Euptychia mitchelli (Satyridae) in Michigan and Indiana tamarack
bogs. Lepid. News 12:41-46.
Boram, C. 1945. Eastern record for California tortoise-shell. Bull. Brooklyn Entomo!.
Soc. 40: 102.
Clench, H. K. 1948. Some notes on Michigan Lepidoptera. Lepid. News 2:105.
- - - . 1950. Notes on Michigan Rhopalocera. Lepid. News 4:14.
Donahue, J. P. and M. C. Nielsen. 1967. A melanic Pieris rapae from Michigan
(Lepidoptera: Pieridae). Michigan Entomo!. 1: 111-116.
Fleming, R. C. 1963. An annotated list of Papilionoidea of Van Buren County, Michigan.
Occ. Pap. Adams Ctr. Eco!. Studics, W. Michigan Univ. 9:1~16.
Hanna, M. 1981. Gypsy moth (Lepidoptera: Lymantriidae) survey in Michigan. Great
Lakes Entomo!. 14:103~108.
Holzman, R. W. 1972. Eastern range extension for Oarisma powesheik Parker (Lepidop
tera: Hesperiidae). Great Lakes Entomo!. 5: 111-114.
Hubbell, S. P. 1957. Boloriafrigga (Nymphalidae) in Michigan. Lepid. News 11:37-38.
McAlpine, W. S. 1918. A collection of Lepidoptera from Whitefish Point, Michigan.
Occ. Pap. Mus. Zoo!. Univ. Michigan 54:1~26.
1937. A case of mistaken identity and discovery of a new metalmark (Calephelis)
from Michigan. Bull. Brooklyn Entomo!. Soc. 32:43-49.
McAlpine, W. S., S. P. Hubbell, and T. E. Pliske. 1960. The distribution, habits, and life
history of Euptychia mitchelli (Satyridae). J. Lepid. Soc. 14:209-226.
McCafferty, W. P. and M. C. Minno. 1979. The aquatic and semiaquatic Lepidoptera of
Indiana and adjacent areas. Great Lakes Entomol. 12:179-187.
Mitchell, J. N. 1891. Record of Apatura clyton from southern Michigan. Entomol. News
2:122.
Mohrhardt, D. E. 1964. Swallowtail butterllies of the Kalamazoo Nature Center. Res.
Pub!. Kalamazoo Nature Ctr. No. 1 (Not Seen).
Moore, S. 1922. A list of northern Michigan Lepidoptera. Occ. Pap. Mus. Zool. Univ.
Michigan 114:1~28.
- - - . 1930. Lepidoptera of the Beaver Islands. Occ. Pap. Mus. Zool. Univ. Michigan
214:1-28.
1939. A list of the butterl1ies of Michigan. Oce. Pap. Mus. Zoo!. Univ.
Michigan 411:1-23.
1960. A revised annotated list of the butterl1ies of Michigan. Occ. Pap. Mus.
Zool. Univ. Michigan 617: 1~39.
Newcomb, W. W. 1904. Some notes chiefly on the scarcity of Michigan Rhopalocera in
1903. Entomo!' News 15:204-206.
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1910. Chrysophanus dorcas Kirby, and related species in the Upper Peninsula of
Michigan. Canadian Entomol. 52:153~157.
- - - . 1912. Check-list of Michigan Lepidoptera.!. Rhopa10cera (Butterflies). 14th
Rept. Michigan Acad. Sci.:226-230.
- - - . 1913. Checklist of Michigan Lepidoptera. II. Sphingidae. 15th Rept. Michigan
Acad. Sci.:213-214.
- - - . 1941. Note on the occurrence of Oeneis macounii. Bull. Brooklyn Entomo!. Soc.
36:56.
Newman, J. H. and M. C. Nielsen. 1973. Moth species new to Michigan. Great Lakes
Entomo!. 6:33-45.
Nielsen, M. C. 1958a. Observations of Hesperia pawnee in Michigan. Lepid. News
12:37-40.
- - - . 1958b. My highest catch of Catocala species in one evening at bait. Lepid. News
12:201-202.
1960. A correction on Hesperia pawnee in Michigan. Lepid. News 14:57.
- - - . 1964. Discovery and observations of Boloria eunomia (Nymphalidae) in Michi
gan. J. Lepid. Soc. 18:233-237.
- - - . 1966. Occurrence of Callophrys eryphon (Lycaenidae) in Michigan. J. Lepid.
Soc. 20:41-42.
- - - . 1970a. New Michigan butterfly records. J. Lepid. Soc. 24:42-47.
- - - . 1970b. Distributional maps for Michigan butterflies. Part 1. Skippers. MidContinental Lepid. Series No. 16.:1-10.
1977. Invertebrate predators of Michigan Lepidoptera. Great Lakes Entomo!.
10:113-118.
Oosting, D. P., D. J. Harvey, and W. H. Wagner, Jr. 1979. Euristrymon ontario
(Lycaenidae): first report in Michigan. J. Lepid. Soc. 33:151-152.
Perkins, D. A. 1968. Addenda to the list of the butterflies of Michigan. J. Lepid. Soc.
22:119-120.
Pliske, T. E. 1957. Notes on A try tone dukesii. new to Michigan. Lepid. News 11:42.
Rahn, R. A. 1973. Moths taken in Berrien County, Michigan (with 102 new county
records). Great Lakes Entomol. 6:23-29.
Rawson, G. W. 1931. Addition of a new skipper, Adopaea lineo/a (Ochs), to the list of
U.S. Lepidoptera. J. New York Entomo!. Soc. 39:503-506.
Voss, E. G. 1950. Lepidoptera strays into northern Michigan. Lepid. News 4:46.
- - - . 1954. The butterl1ies of Emmet and Cheboygan counties, Michigan, with other
notes on northern Michigan butterflies. Amer. Mid!. Natur. 51:87-104.
- - - . 1970. Moths of the Douglas Lake region (Emmet and Cheboygan counties),
Michigan: I. Sphingidae-Ctenuchidae. Michigan Entomo!. 2:48-54.
1981. Moths of the Douglas Lake region (Emmet and Cheboygan counties).
Michigan: II. Noctuidae (Lepidoptera). Great Lakes Entomo!. 14:87-101.
Voss, E. G. and W. H. Wagner. Jr. 1956. Notes on Pieris virginiensis and Erora
[aeta-two butterflies hitherto unreported from Michigan. Lepid. News 10:18-24.
Wagner, W. H .• Jr. 1977. A distinctive dune form of the marbled white butterfly Euchloe
olympia (Lepidoptera: Pieridae) in the Great Lakes area. Great Lakes Entomo!.
10:107-112.
Welch, P. S. 1915. The Lepidoptera of the Douglas Lake region, northern Michigan.
Entomo!. News 26: 115-119.
Wilkinson, R. S. 1967. Seven species of Michigan butterflies attracted to fluorescent
lights. Michigan Entomo!. 1:247-248.
Wolcott, R. H. 1893. Butterflies of Grand Rapids, Mich. Canadian Entomo!. 25:98-107.

MALLOPHAGA
Carriker, M. A. and C. A. Shull. 1910. Some new species of Mallophaga from Michigan.
Entomol. News 21:51-57.
Lawrence, W. H., K. L. Hays, and S. A. Graham. \965. Arthropodous ectoparasites
from some northern Michigan mammals. Oee. Pap. Mus. Zoo!. Univ. Michigan
639:1-7.
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Shull, C. A. and M. A. Carriker, Jr. 1911. Mallophaga. p. 233-242 in Ruthven, A. G. A
biological survey of the sand dune region on the south shore of Saginaw Bay,
Michigan. Michigan Geol. and BioI. Survey Pub!. 4.
MECOPTERA
Thornhill, A. R. and J. B. Johnson. 1974. The Mecoptera of Michigan. Great Lakes
Entomol. 7:33-53.
MYRIAPODA
Brice, J. R. and M. T. Barbour. 1973. A milliped new to Michigan (Pselaphognatha:
Polyxenus). Great Lakes Entomol. 6:92-94.
Johnson, B. M. 1954a. The millipedes of Michigan. Pap. Michigan Acad. Sci., Arts and
Letters 39:241-252.
- - - . 1954b. A new species of milliped, genus Dixidesmus, from Michigan. Chicago
Acad. Sci., Natur. Hist. Misc. 137:1-5.
Loring, S. J. 1980. Extension of range for two symphylid species (Symphyla: Sco
lopendrellidae). Entomol. News 91:15-18.
NEUROPTERA
Hungerford, H. B. 1936. The Mantispidae of the Douglas Lake, Michigan, region, with
some biological observations (Neurop.). Entomol. News 47:69-72, 85-88.
Knight, A. W. and C. A. Siegfried. 1977. The distribution of Corydalus cornu/us
(Linnaeus) and Nigrollia serricornis (Say) (Megaloptera: Corydalidae) in Michigan.
Great Lakes Entomol. 10:39-46.
Needham, J. G. 1909. Neuropteroid insects from Isle Royale, Michigan. p. 305-307 it!
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